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In our study, we analyzed changes in blood glycemic reactions in 30-, 90-, 180-, and
365-day-old rabbits under the influence of physical activity and interceptive
stimulation. As a result of the activation of nervous, hormonal, and enzymatic
regulatory mechanisms during short-term physical exercise, anabolic reactions of
glucose metabolism in the body, regardless of age, are enhanced due to glycogen
resources and an additional supply of glucose in the blood. Long-term, but also
heavy, physical activity, on the contrary, enhances the catabolic side of glucose
metabolism in the body and leads to a decrease in blood glucose levels. In our study,
the determination of blood glucose levels in experimental rabbits of different ages
was carried out after interoceptive stimulation, in particular, irritation of rectal
mechanoreceptors with pressure 80-100 mm Hg. Based on these experimental facts,
one can conclude that the mechanisms of interoceptive regulation, especially the
central nervous and neuroendocrine mechanisms regulating the homeostatic state
of the internal environment, are not fully formed yet in young animals and do not
have a long-term effect on the level of glucose in the blood. Based on these
experimental facts, it can be concluded that the mechanisms of interoceptive
regulation, especially the central nervous and neuroendocrine mechanisms
regulating the homeostatic state of the internal environment, have not been fully
formed yet in young animals and do not have a long-term effect on the level of
glucose in the blood. This can also be explained by the fact that the dynamic and
rhythmic nature of blood glycemic reactions in young animals is not so pronounced.
However, in older animals, these reactions, while maintaining their high dynamic
and rhythmic properties, develop in the form of static hyperglycemia.

INTRODUCTION

Key words: physical activity, visceral system, olfactomy, interceptive stimulation,
glucose homeostasis, circadian rhythm, extrasensory, hypo- and hyperglycemia.

external and internal milieu on metabolic
processes. According to the literature,
photoreceptive, chemoreceptive, interception,

One of the poorly studied issues in the
physiology of sensor systems is determining
experimental ways of influencing the afferent
signal received by different receptors from the
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and proprioceptive mechanisms are the
strongest and multilateral effective mechanisms
for functional activity in the organism among


https://doi.org/10.59883/ajp.12
mailto:Parvin_1982@mail.ru
mailto:gilas.qurbanova.56@mail.ru

Azarbaycan Fiziologiya Jurnali, cild 37, M 1, s. 30-37 (2022)

sensor systems. Each of these mechanisms
possesses effective specifications with a very
complex and broad circle independently and
plays a special role in the physiological
regulation of functions. However, there is little
practical-theoretical information and
fundamental conceptions about their mutual
morpho-functional relations and complex
effects, and this issue became very important in
studies conducted in both physiological and
medico-biological directions [7, 12].

Some of the conducted research works
give a basis to put forward the scientific
conjecture that when the receptive function of
the smell sensor system is violated (olfactomy),
significant changes occur in several homeostatic
indicators of the organism [17].

The experimental study of regulating
effects on concrete internal functions and
processes of the smell analyzer being in close
connection with cortical and subcortical
neuroendocrine structures of the brain in more
wide aspects is a very interesting issue. There is
little information about reflector and non-
reflector relations among vegetative reactions
with photoreceptions.

The photoperiodic effect of this sensor
apparatus on metabolic indicators and the issue
of the creation of biorhythmicity in them caused
wider research only in the last times.

These studies showed that daily
illumination degrees of photoreceptive nervous
structures and impulse oscillations transferred
periodically to the cerebrum for their intensity
activate rhythmically at about one day of
photoperiodically the nervous and
neuroendocrine activity of the epiphysis gland,
olfactory brain, limbic structures of the brain,
hippocampus, amygdala, and other
multifunctional cortical and subcortical and
intermediate brain structures of neuroendocrine
neuron populations of the hypothalamus, and
through them activate suprachiasmatic nuclei of
the hypothalamus [8, 12].

Especially depending on the natural and
artificial changes, the change of light and dark
regimes, and the issue of sustainable
desynchronized or arrhythmic influence caused
by prolongation or shortening of day and
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evening phases, illumination, and darkness
factors are actual nowadays [7, 9, 10, 11].

Determining the influence of circadian
rhythmic dynamics on this or another
homeostatic  indicator ~ of interoceptive
stimulations and physical activities on the
background of activation or deactivation of
extrasensory functions in regulation of circadian
rhythms of function and processes in the
organism is a very interesting issue [13, 15]. The
study of direct and indirect effects of glucose
homeostasis sensors and  neuro-humoral
regulating mechanisms is one of the most
mobile metabolic indicators and energetic
substrates in organisms. We consider that this
conjecture should be proved experimentally and
theoretically. The problem of regulation of the
circadian biorhythm of glucose homeostasis
should be considered against the background of
sensor interventions, physical activities,
different stressor factors, and interoceptive
stimulations under the conditions of some
experimental tests. Experimental research on
some issues in these directions in this research
work is considered especially important, and,
according to our opinion, this is a very necessary
and actual problem for physiology and
biorythmology.

The previously known fact was confirmed
again in the experiments, in which interoceptive
irritations were applied: really interoceptive
apparatus possess an important role in the
regulation of glucose turnover [4, 6]. According
to the results of our experiments, the age period
of animals was one of the factors providing the
effectiveness of interoceptive stimulation.

Taking into consideration the issues
mentioned above, our goal was to conduct
research on this subject. The activity of the
motor system in human and animal organisms is
very important. This system achieves
compliance in a short and long period of time in
the external environment of the organism by
conducting the complex body acts by the central
nervous apparatus and peripheral effector
organs skeletal muscles joined to it.
Implementing different acts in close connection
with sensor, other neural-reflector, neural-
humoral, emotional-motivational, and other
mechanisms bears more reflector character and
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realizes a strengthening effect on the dynamics
of general and special physiological rhythms of
the organism [5]. Several research works
demonstrated that physical activities, possessing
different strengths and effects, cause
homeostatic changes aside from causing
sustainable changes in the continuum of motor
behavior, especially inducing acts in the activity
of motor mechanisms [1, 15].

MATERIAL AND METHODS

Blood samples for analyses from control
and experimental rabbits were taken from the
ear veins by cutting with tweezers or medical
needles and placed in test tubes (volume 2 mL)
containing a little amount of heparin. Blood
samples were centrifuged, plasma was saved,
and the level of glucose was defined.
Measurements were conducted with the
application of a high-sensitivity automatic
glucometer ("Bayer Corporation”, USA). The
data of the experimental results were analyzed
using the Student’s t criterion as a parametric
statistics method in the Excel program, and their
statistical validity (P) degree was defined.

We used 1-, 3-, 6-, and 12-month-old
rabbits in our experiments. The main purpose of
taking experimental animals at this age was to
reveal the specific age-related characteristics of
the sensory and somatovisceral reactions of the
animal to a certain factor and the age
dependence of the studied physiological indices.
Our experiments were conducted on very young
(1-3-month-old) and older (6-12-month-old)
rabbits. The purpose was to study changes
during a day in glucose homeostasis after the
execution of locomotor activity by rabbits at
different ages. The animals were placed in an
empty mechanical device like a drum (treadmill)
to apply physical activity, and then the drum
was rotated for 40-45 cycles per min by
connecting to a power network for 5 min in one
experiment and for 20 min in the other. Animals
were obliged to execute running acts in defined
periods (during 5 and 20 min) in one place to
keep their balance in a rotating drum, and this
was characterized as forced physical activity.
Researchers used this method of loading
physical activity widely in their experiments [2,
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3, 13, 17]. The keeping time of the animal in the
drum and the rotating speed of the drum
changed in our experiments. The dynamics of
glucose in the blood three times (morning, noon,
and evening) during a day in animals of different
ages forced to realize physical activity were
studied.

RESULTS AND DISCUSSION

The effect of physical activities on glucose
metabolism in the organism was studied long
ago, but some aspects still remain opaque. Some
experimental facts about the influence of this or
another metabolic process on strength and
duration of physical activity remain
controversial. We took into consideration the
importance of studying this actual issue from
both physiological and clinical sides, and we
studied the alteration of glycemic reaction in the
blood after the influence of physical activities
and interoceptive stimulation for 5 and 20 min
in 30, 90-, 180-, and 365-day-old rabbits.

For this reason, we forced experimental
animals to run for 5 min in a slowly rotating
drum (40-50 rotations per min), and then we
studied the changes in the glucose level in the
blood. The results of these experiments are
presented in Table 1.

As it is seen from the table, the level of
glucose in the blood was 88+0.62 mg/dL (norm
76+2.57 mg/dL) in morning hours, 101+0.88
mg/dL (norm 88+1.08 mg/dL) in afternoon
hours, 84+1.15 mg/dL, (norm 70+1.67 mg/dL)
in the evening hours, following the influence of
short-term physical activity in 30-day-old
animals. These facts showed that even short-
term physical activity leads to an upregulation
of glucose in the blood. These indicators
changed in 90-day-old animals, respectively,
104+0.53 mg/dL (norm 85+1.33 mg/dL),
108£0.91 mg/dL. (norm 924+0.62 mg/dL),
95+0.67 mg/dL (norm 80+0.93 mg/dL), in 180-
day-old animals, 136+£0.80 mg/dL (norm
114+0.90 mg/dL), 144+1.05 mg/dL (norm
126+0.55  mg/dL),  124+1.13  mg/dL
(norm  110+0.62 mg/dL); in 365-day-old
animals, 152+1.07 mg/dL (norm 127+2.13
mg/dL), 156£1.34 mg/dL (norm 135+0.55
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mg/dL) and 136+1.11 mg/dL (norm 118+2.20
mg/dL).

In our experiment, the animals performed
running acts in one place to keep their
sustainable condition in a rotating structure, and
this was possible only under the condition of

coordination of all motor acts. In this case, the
animals were subjected to the effects of a
dynamic physical factor such as vibration, and
the organism responded to it in physiological
and metabolic ways, respectively.

Table 1.

Dynamics of glycemic reaction in the blood during physical activity for 5 and 20 min in the
animals at different ages (M+m, mg/dL)

Morning Afternoon Evening
Age of 8°°-9°° 13°°-14°° 18°°-20°°
animals norm physical norm physical norm physical
activity activity activity
After physical activity for 5 min

30-day-old 76+2.57 88+0.62 88+1.08 101+0.88 70+1.67 84+1.15
p<0.001 p<0.001 p<0.05

90-day-old 85+1.33 104+0.53 92+0.62 108+0.91 80+0.93 954+0.67
p<0.001 p<0.001 p<0.001

180-day-old 114+£0.90  136+0.80 | 126+0.55  144+1.05 | 110+0.62  124+1.13
p<0.001 p<0.001 p<0.001

365-day-old 12742.13  152+1.07 | 135+0.55  156+1.34 | 118+2.20  136+£1.11
p<0.001 p<0.001 p<0.01

After physical activity for 20 min

30-day-old 76+2.57 66+1.12 88+1.08 74+1.11 70+1.67 61+0.88
p<0.01 p<0.05 p<0.001

90-day-old 85+1.33 67+0.82 92+0.62 74+0.80 80+0.93 66+0.75
p<0.001 p<0.001 p<0.001

180-day-old 114+0.90 90+1.05 126£0.53  112+0.96 | 110+0.62 94+0.62
p<0.001 p>0.05 p<0.001
365-day-old 1274247  107+0.87 | 135+1.55  12740.99 | 118£1.03  102+0.90
p<0.001 p>0.05 p<0.001

We forced animals to run for 20 min in a
rotating drum with long-term physical activity
in the experiment of the second option of this
part, and then we studied the level of glucose in
the blood in the morning, afternoon, and
evening hours. The results of the experiment are
presented in Table 1. As is seen from it, after 20
min of physical activity in young (30-day-old)
rabbits, a sharp decrease in glucose level in the
blood was observed in the afternoon hours
(norm 76+2.57 mg/dL, experiment 66+1.12
mg/dL). A similar change was noted in 90-day-
old animals. A significant decrease also
occurred in other hours of the day.

The level of glucose in the blood of 180-
day-old animals was 90+1.05 mg/dL (norm
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114+0.90 mg/dL) in the morning, 112+0.96
mg/dL (norm 126+0.53 mg/dL) in the afternoon,
and 9440.62 mg/dL (norm 110+0.62 mg/dL) in
the evening after 20 min of physical activity. It
becomes clear that glucose levels in the blood
were decreasing under the influence of physical
activity in accordance with the rhythm of the
day. In particular, if short-term physical activity
caused an increase in glucose level in the blood
(hyperglycemia) regardless of the age of the
animal, long-term physical activity, conversely,
caused the hypoglycemia reaction. Such a type
of reaction means that physical activity and its
influencing parameters (duration and intensity)
can change the glucose homeostasis of the blood
at different levels and within limits.
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We can explain the obtained experimental
facts with the activation of mechanisms of
nervous, hormonal, and enzyme regulation in
the organism during short-term physical
activity, regardless of the animal’s age. In this

case, the anabolic reactions of glucose
metabolism and the reactions of glucose
creation intensified on account of reserve

glycogen resources, and additional glucose was
released into the blood. Long-term, heavy
physical activity, on the contrary, intensified the
catabolic side of glucose metabolism in
organisms and led to a decrease in the level of
glucose in the blood. It should be noted that the
execution of physical exercises is managed by
the direct and indirect influences of some sensor
mechanisms [6].

Interestingly, the problem of interoception
was studied thoroughly in other aspects by both
local and foreign researchers [8]. One of those,
probably the most important aspect, was
studying issues of the functional importance of
interoceptors in different interventions by
external factors, especially the activity of some
extrasensory mechanisms. Solving such issues
in an experimental way required us to study
functional and metabolic changes caused by
interoceptive stimulations in the organisms of

experimental animals of different ages [16].

It is already well known that the best form
of the metabolic process in the organism during
physical activity is using carbohydrates as
energy substrates.

For this reason, the production of free
energy (ATP) is necessary for the execution of
urgent functional acts. Also, motor reactions are
realized on account of glucose passing to the
tissues. However, the circadian dynamics of
glucose in the blood are considered to be the
most important physiological and biological
indicator by the functional and metabolic points.
For this reason, determination of the glucose
level in the blood in different physiological and
clinic research studies presents the initial
conditions of practice and examination [2, 3,
14].

In our research, the determination of
glucose in the blood of experimental rabbits at
different ages was carried out after interoceptive
stimulation. Stimulation of receptors in the
rectum was carried out for 1-2 min before
feeding the animals in the early morning, and the
glucose level in the blood was measured 1 hour
after stimulation and at different hours of the
day. All data obtained in this experiment are
presented in Table 2.

Table 2

The dynamics of glycemic reactions in blood after stimulation in norm and with interoceptive
stimulation in the animals at different ages.

Adge of Norm Glucose level (mg/dL) in blood
an?mals hour 800-.900 after irritation with 80-100 mm. mercury column
15 min 30 min 45 min 60 min
30-dav-old 76+2.54 86+2.10 84+1.40 70+1.21 74+1.72
y p<0.01 p<0.05 p=0.05 p>0.05
90-dav-old 85+0.96 92+1.07 98+0.80 82+0.78 80+0.53
y p<0.001 p<0.001 p<0.05 p<0.001
180-dav-old 114+0.90 136+1.08 140+0.58 125+0.62 120+1.17
y p<0.001 p<0.001 p<0.001 p<0.001
365-dav-old 127+1.19 150+0.85 154+0.85 130+0.83 118+0.93
y p<0.001 p<0.001 p>0.05 p<0.001

The results of our experiments in the
sphere of influence of stimulation of
mechanoreceptors of the rectum on glycemic
reactions showed that the level of glucose in the
blood during 1 hour of interoceptive stimulation
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changed differently in animals of different ages.
More sensible changes in the glycemic reaction
were observed in younger rabbits in comparison
with the older animals. Thus, it revealed that the
level of glucose in the blood of 30-day-old
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rabbits was characterized by few alterations
from the background level. For example, the
stimulation of rectum receptors in 1-month-old
animals increased the level of glucose in the
blood up to 86 mg/dL during the first 15 minutes
(norm of 76 mg/dL), and this indicator changed
within 70-74 mg/dL in the remaining time. The
level of glucose in the blood of relatively older
rabbits was higher than the norm after the
application of stimulation. For example, in the
case of a normal level of glucose of 114 mg/dL
in the blood in 180-day-old animals, it rose to
136 mg/dL after 15 min, 140 mg/dL after 30
min, 125 mg/dL after 45 min, and 120 mg/dL
after 60 min of interoceptive stimulation.

CONCLUSIONS

We studied the interoceptive glycemic
reactions to define the change in the circadian
rhythm of the level of glucose in the blood of
animals of different ages at different hours of the
day from the standpoint of biorhythmology and
age physiology. The maximum change in the
level of glycemic reaction in the blood was
noted on the 15" and 30" min after the
beginning of interoceptive stimulation in all
studied age groups of animals.

Thus, the highest level of glucose in the
blood was recorded during daytime hours; the
lowest level was recorded during morning and
nighttime hours. The interesting fact that was
revealed in our experiments is that the smell
sensor system affected glucose homeostasis, but
the favorability of this influence was not too
high. Both the level and rhythmic dynamics of
glucose levels in the blood in olfactomy cases
were exposed to weak changes in comparison
with the norm. One of our observations that
piqued more interest from the standpoint of
scientific research was that the photoperiodic
regime affected glucose homeostasis more
clearly in experimental animals. The normal
rhythmic dynamics of glucose in the blood of
younger or older animals kept under artificial
illumination or darkness for a long period could
be changed sharply, and the dependence of this
on age was not significant.
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BJIMAHUE OJIb®AKTOMUU, DPOTONNEPUOJUNYECKOI'O ®PAKTOPA U
®U3NYECKON AKTUBHOCTH HA TMHAMUKY YPOBHS I''TIOKO3bI B KPOBH ¥
KPOJIMKOB

Isipeun Acaa ruisel 3w0iabyraposa b, Baauaa Myraamu6osna Maxarosa 1, Tnitac AJibt
reizbl [yp6anosa 2, Cepunmx Illykiop ruizel Uoparumosa *

! Baxunckuii Focyoapcmeennuiil Yuusepcumem, Baxy, Azepbaiioscan, > Hncmumym @uzuonozuu
um. axademuxa A60ynnsl I'apaesa Hayuonanvuoii Axademuu Hayk Azepoatioscana, baky,
Aszepbatiodcan

B Hamem ucclie[oBaHNN W3YYalIMCh U3MEHEHUS TIMKeMUYeCKuX peaknui kposu y 30-, 90-,
180- u 365-AHEBHBIX KPOIHMKOB IO BO3JAeHCTBUEM (U3MUECKON aKTUBHOCTH U MHTEPOILICTITUBHOMN

ctumysianuu. B pesynbrarte

AKTUBAIlMKM  HCPBHbIX,

TOPMOHAJIBHBIX U CbepMeHTaTI/IBHI)IX

PETYISATOPHBIX MEXaHHU3MOB TIPU KPAaTKOBPEMEHHBIX (PU3MYECKHX Harpy3kax B OpraHu3Me,
HE3aBHCHMO OT BO3pacTa, yCHJIMBAIOTCS aHA0OJMYECKHE peakluuyd MeTaboiu3Ma TIIOKO3bI, T.€.
o0pa3oBaHKe TIIFOKO3bI 32 CUET PE3EPBHBIX PECYPCOB TIIMKOT€HA U JOIMOIHUTEIHHOE TOCTYIUICHUE
TJIFOKO3bI B KPOBb. A JUIMTENbHBIC, KaK U TSKeble (U3NYEeCKUue Harpy3Ku, HA000pOT, YCUITHBAIOT
KaTa0OJIUYECKYI0 CTOPOHY MeTaboyM3Ma TIIFOKO3bI B OPTraHU3ME U MPHUBOJIAT K CHIDKEHUIO YPOBHS
IJIIOKO3bl B KpOBH. B HameM wuccleoBaHUU ONPENEICHUE YPOBHS TJIOKO3bI B KPOBH Yy
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SKCIIEPUMEHTAJIBHBIX KPOJIMKOB pPA3HOIO BO3pacTa MPOBOAMUIIOCH IIOCIE WHTEPOLEHTHUBHON
CTUMYJIALUH. Pa3apaxkeHue peKTaabHbIX MEXaHOPELENTOPOB OCYLIECTBIIsLIN 1o 1aBieHueM 80-100
MM pT. cTonba. Ha OCHOBaHMM 3THUX 3KCIIEPUMEHTAIBHBIX (PAKTOB MOXKHO CJI€NaTh BBIBOJ, YTO
MEXaHU3Mbl HHTEPOLIEITUBHON PEryJIsilui, OCOOCHHO LIEHTPaJIbHbIE HEPBHbIE U HEHPOIHIOKPUHHBIE
MEXaHU3MBI, PETYJINPYIOLIUE TOMEOCTATUYECKOE COCTOSHUE BHYTPEHHEHN CPE/Ibl, €111€ HE TIOJHOCTBIO
c(OpMHUPOBAHBI y MOJOABIX )KMUBOTHBIX M HE OKa3bIBAIOT JJIUTEIBHOIO BO3JCHCTBUSA HA YPOBEHb
TJIIOKO3bI B KPOBU. JTO TAaKXKe MOKHO OOBSICHUTBH TEM, YTO JIUHAMHYECKUN M pUTMHUYHBINA XapaKTep
IINKEMUYECKUX PEaKLUid KPOBH Y MOJIOJBIX KMBOTHBIX HE CTOJIb BbIpakeH. OJHAKO Yy *KMBOTHBIX
CTaplLIEro BO3pacTa 3TU PEeaKluH, COXpaHsis CBOM BBICOKHE TMHAMUYECKUE U PUTMUYECKUE CBOMCTBA,
Pa3BHUBAIOTCS B BUJIC CTATUYECKON THIIEPTIMKEMUU.

KiaroueBble ciaoBa: (usnyeckas aKTUBHOCTb, BHCIIEPAIbHAS CHCTEMA, OJIb(pakTOMUS,
WHTEPOIICITUBHAS CTUMYJISIIUS, TOMEOCTa3 TJIFOKO3bI, IIUPKAIHBIA PUTM, SKCTPACEHCOPHOCTb, TUIIO-
TUNIEPTIUKEMHUSL.

OLFAKTOMIYANIN, FOTOPERIODIK AMILIN VO FiZiKI YUKUN DOVSANLARIN
QANINDA QLUKOZANIN DINAMIKASINA TOSIiRi
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Biz 6z tadqiqat isimizi 30, 90, 180 va 365 giinliik dovsanlarda fiziki yiiklarin va interoseptiv
stimulyasiyanin tosiri soraitindo sonra ganda qlikemik reaksiyalarin saviyyasindo bas veran
dayisikliklor Oyronilmisdir. Qisa miiddatli fiziki yiikklomo zamani sinir, hormonal vo ferment
tonzimlomo mexanizmlarinin faallasmasi naticasinds organizmds yasdan asili olmayaraq, qliikkoza
metabolizminin anobolik reaksiyalarini, yoni ehtiyat qlikogen resurslari hesabina glitkozanin amalo
goalmasi reaksiyalari intensivlasir vo gana alavs qgliikoza daxil olur. Uzun miiddatli, hom do agir fiziki
yuklor, oksino organizmds qlilkoza miibadilasinin katobolik torofini intensivlesdirir vo ganda
qliikozanin saviyyasinin azalmasina gotirib ¢ixarir. Bizim todqigatimizda miixtolif yash tocriiba
dovsanlarinda qanda qlilkozanin toyini interoseptiv qiciqlanmalardan sonra hoyata kecirilmisdir.
Diizbagirsagin mexanoreseptorlarinin - 80-100 mm civa siitlinu  tozyiqilo qiciqlandirilmasi
(interoseptiv stimulyasiya) ham az yagli, hom do yash dovsanlarda qanda glilkozanin soviyyasini
normaya nazaron artirir vo bu tendensiya intereseptiv stimulyasiyadan sonraki 15-30-cu doqgigolorinda
daha gabariq sokildo 6ziinli gostorir. Aldigimiz bu tocriibi faktlara gora bels miilahizs yliriitmok olar
ki, interoseptiv tonzim mexanizmlori, xiisuson do daxili miihitin homeostatik voziyyatini tonzimloyon
markaozi sinir vo neyroendokrin mexanizmlor az yash heyvanlarda holo tam formalasma marhaslasing
catmir, ganda qliikozanin saviyyasina do onlar dayaniql effektiv tosir gdstora bilmirlor. Bu, o fakla
da tosbit oluna bilor ki, az yash heyvanlarda qanin glikemik reaksiyalarinin dinamik vo ritmik
xarakteri bir o qader do qabariq sokilds tozahiir edilmir. Halbuki yasl heyvanlarda homin reaksiyalar
0z yiiksak dinamik va ritmik xassoalorini saxlamaqla yanasi, statik hiperqlikemiya formasinda inkisaf
edirlor.

Acar sozlor: fiziki yiik, visseral sistem, olfaktomiya, interoseptiv stimulyasiya, qliikoza
homeostazi, sirkad ritm, ekstrasensor, hipo-hiperglikemiya
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