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Objective: to investigate features of insulinemia and glycemia chrono rhythms changes in
long-term hypopinealism in dynamics.

Material and methods: the study was conducted on 15 male rabbits aged four and five
months. Control animals were kept under the standard vivarium conditions and
experimental animals were exposed to twenty-four hours lighting for ten months. Serum
glucose and insulin concentrations were estimated by glucose oxidase and immunoassay
methods, respectively.

Results: prolonged melatonin deficiency over the metabolic syndrome course causes
levelling of circadian rhythm of insulin concentration in blood as a consequence of
hypoinsulinemia during the day and absence of daily changes of circulatory glucose level
due to hyperglycemia within twenty-four hours.

Conclusions: established changes of carbohydrate metabolism indicators should be
regarded as a prerequisite for manifestation of type 2 diabetes mellitus hereafter.
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HIULTYHKOBOI 3AJI034 ITPU JOBI'OTPUBAJIOMY I'IITIOIIHEAJII3MI

JI. Bonoapenxo, T. Miwenko

Mema pobomu: oocnioumu 6 Ounamiyi 0coOnUB0OCMI 3MiH XPOHOPUMMIG IHCYNiHeMil ma
2NiKeMii npu 00820mMpusanomy 2inonineanizmi.

Mamepianu ma memoou: 0ocniodcenHs GUKOHAHO Ha 15 camysx Kpons 6ikom Yomupu-
n'amo micayie. KonmponvHux meapun ympumy8anu ¢ CmaHOapmHuux yMogax 8ieapiro, nio-
00CNIOHUX - 8 YMOBAX YiN000608020 OC8IMIEeHHSA 8NP000GIC decamu micayie. Kow-
YeHmpayiio eNoKo3u ma IHCYIiHy 8 Cuposamyi Kpogi 6U3HAYANU 2NH0K0300KCUOA3HUM MA
IMyHOGepMeHmHUM Memo0am, 8i0N0BIOHO.

Pe3yavmamu: mpusana MenamoHiHO8a HeOOCMAamHicmb 8HACTIOOK nepebicy mema-
OONIYHO20 CUHOPOMY BUKTUKAE HIBETIOBAHHS YUPKAOHO20 PUMMY KOHYeHmpayii iIHCYIIHY @
Kpo8i 6 pesynemami cinoinHcyninemii npomsecom 000u ma iocymuicme 00608UX 3MiH
YUPKYIAMOPHO20 PIGHSA 2NOKO3U HACTIOOK cmanoi cinepenikemii.

Bucnoexu. Busgneni 3minu NOKa3HuKié 8y2ne800H020 O0OMIHY Cli0 po3ensidamu siK
nepedymosy o1 marigpecmayii yykpogozo diabemy 2 muny 8 NOOATbULOMY.
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JTAHAMMKA U3MEHEHU CYTOYHOI'O PUTMA T'OPMOHAJIbHOM AKTUBHOCTH
HOKEJYIOYHOM KEJIE3BI ITPA JJJIMTEJILHOM I'MIIOITMHEAJIM3ME

JI. Bonoapenko, T. Muwenko

Lleav pabomol: uccnedosamv 6 OUHAMUKE OCOOEHHOCMU USMEHEHUU XPOHOPUMMOS
UHCYIUHEMUY U 2TUKEMUYU NPU ONUMETbHOM SUNONUHeau3Me.

Mamepuanst u Memoobvl: ucciedoganue blNOIHEHO Ha 15 camyax Kponukos 6 eopacme
yemvipe-namo mecaye6. KoHmponbHbIX JCUBOMHBIX COOEPIHCANU 6 CHIAHOAPMHBIX YCIOGUSX
8UBAPUSA, NOOONBIMHBIX - 8 YCII0GUAX KPY2INOCYMOYHO20 OCGEUyeHUs 6 MEeYeHUe 0eCamu Me-
cayes. Konyewmpayuio 2nioko3vl U UHCYIUHA 6 CbIGOPOMKE KPOSU ONpeoesiu
2MOKO300KCUOAZHBIM U UMMYHOGDEPMEHMHBIM MEn00aMu, COOMEen CmEeHHO.
Pe3yiomamol: onumensHas MenamoHUHo8as HedO0CmMamoyHOCMy NPy MeyeHuu Mema-
OonUYecK020 CUHOPOMA BbI3bIEACT HUBETUPOBAHUE YUPKAOHO20 PUMMA KOHYeHMpayuu
UHCYIIUHA 8 KPOBU 6 pe3yNibmame 2UNOUHCYIUHEMUU HA NPOMANCEHUU CYMOK U OMCYMCh-
6uUe CYyMOYHbIX USMEHEHUU YUPKYISAMOPHO2O0 YPOGHS 21I0KO03bl 6CNIe0CMEUEe YCMOUYUBO
eunepenuKemMuu.

Boi6oosl. Yemanognennvie usmenenust nokazameneil yenego0Ho20 0bMeHa ciedyem pacc-
Mampugams Kax npeonoculiky 0is Manugecmayuu caxapHozo ouabema 2-20 muna 6
OoanvHeuLem.
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Introduction

Currently the results of numerous chronobiological
studies definitely show that the presence of behavior and
physiological functions daily rhythms in most mammals is
ensured by endogenous circadian clock [1]. As it is known
one of the important conditions for its proper functioning
is melatonin production by pineal gland, melatonin is
involved in modulating some physiological systems (in
particular immune and endocrine ones), metabolism and
higher brain activity [2].

In our previous studies it has been found that keeping
rabbits under the conditions of around the clock lighting
(ACL) for five months causes the signs of the pineal
gland, thyroid gland and gonads premature aging as well
as metabolic syndrome (MS) development [3, 4]. Carrying
out further chronobiological researches in this area
provided evidence that formation of the main components
of the symptom complex (insulin resistance, abdominal
obesity, dyslipidemia and arterial hypertension) due to
melatonin deficiency is associated with the daily rhythm
disorders of their indexes [5, 6, 7, 8].

Objective

To investigate in dynamics features of insulinemia and
glycemia chrono rhythms changes in long-term
hypopinealism.

Material and methods

The study was conducted on 15 male rabbits aged
four and five months (young mature animals) obtained
from vivarium of SI" V. Danilevsky Institute for Endocrine
Pathology Problems NAMS of Ukraine". In accordance
with the experiment design animals were divided into two
groups: 1) a control one (n = 5), which included the rabbits
kept under the standard vivarium conditions; 2) an
experimental one (n = 10), where the animals were in the
conditions of ACL (during the day - natural sun light, at
night - electric lighting with intensity in animal cages 30-
40 lux) for ten months. Light intensity was measured by
using luxmeter "U-117". Incandescent lamp with the
power of 100 W was used as an artificial light source.

Chronobiological studies were based on two deter-
minative points: day (13:00 - 14:00) and night (01:00 am -
2:00 pm). During these hours insulin and glucose
concentration in rabbits' serum was determined monthly
with the aim to establish their daily rhythms.

Glucose level in animals' serum was determined by
glucose oxidase method using the enzymatic analyzer
"Eksan-G" (Lithuania). Insulin concentration in rabbits'
serum was determined by an immunoassay method using
kits Insulin ELISA (DRG Instruments GmbH, Germany) and
immunoassay analyzer Stat Fax 3200 ("Awareness", USA).
For the kit the cross-over reaction of antibodies to human
insulin with rabbit's insulin is 63%, herewith the amino
acid sequence in human insulin molecule differs from that
one in rabbits only by a variation in one position of the B-
chain [9].

All procedures during the experimental study were
carried out with animals in accordance with the
methodological recommendations of the Ministry of
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Health of Ukraine and the general ethical principles of
conducting animal experiments agreed with the provisions
of the "European Convention on the Protection of
Vertebrate Animals used for Experimental and Other
Scientific Purposes".

Statistical analysis of digital material was carried out
using parametric and nonparametric methods. The
verification of conformity of the data distribution to the
Gauss law was carried out using the Shapiro-Wilk
criterion. Comparing the groups with normal data
distribution was carried out using the odd Student's t-
criterion. The Mann-Whitney U-criterion was used to
analyze the data distribution of which did not conform to
the normal law. The results are presented in the form of 7=,
(arithmetic mean ( %), standard error of the arithmetic mean
(5;)). The significance level (p) was taken as p<0.05 for
determining the differences between the groups as being
statistically significant.

Results and discussion

In studying the insulinemia daily rhythm in rabbits
with MS against a background of long-term hypopinealism
induced by ACL for ten months, the absence of circadian
rhythm of this parameter in the experimental animals was
established similarly as it was detected after keeping the
rabbits under conditions of the disruption of the natural
light/dark cycle for five months (Table 1).

However, the absolute indexes of insulinemia
registered at this observation period have shown a rapid
decrease in the concentration of this hormone in the
experimental animals' circulation during the day as well as
at night compared with the corresponding indexes
determined after five months of ACL. It should be noted
that the findings point to reversion of nocturnal
hyperinsulinemia which was determined in experimental
animals after five months ACL. Moreover, taking into
account the established decrease level of this hormone in
the animals' blood circulation during the day and night
time after ten months of ACL relative to corresponding
control parameters (p < 0.05) it becomes possible to affirm
that the course of MS against a background of long-term
hypopinealism is associated with the hypoinsulinemia
formation throughout the day.

It has been established that the course of MS in rab-
bits against the background of long-term hypopinealism
induced by ten months of ACL is associated with the
preservation (namely, leveling) of glycemia daily rhythm
disturbance determined during the formation of this
symptom complex in the experimental animals as a result
of ACL for five months (Table 2).

It should be noted that increase of ACL duration up to
ten months caused an increase of blood glucose in rabbits
in the day (p <0.001) compared to an appropriate indicator
determined in experimental animals after influencing the
five months' ACL. Moreover, it has been found that in ten
months of ACL glycemia in rabbits exceeds the control
values both in the daytime and at night (p <0.001 in both
cases). In this connection, changes in circadian rhythm of
blood glucose levels in experimental animals under the
conditions of ten months' disruption of the natural light/
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Table 1

Dynamics of daily rhythm changes of circulatory insulin level in rabbits with hypopinealism induced by around
the clock lighting for ten months, pmol/l

Group, the . . The time of day
Observation Statistical index
number of .
. period, months .
animals day night
I 0 is "
(n=11) (starting state) X+ S}—( 105.37 £ 14.46 62.84+7.49
1 s xts. 131.10 + 15.93 133.10 + 16.30
(n=06) >0.05 <0.001
prn
I Xg S}—( 50.97 £2.84 4522 +£2.93
n=>5) 10 pL <0.05 <0.05
pim <0.05 <0.001

Note: * is a statistical significance in comparison with the indicator in the daytime, (p < 0.05)

Table 2

Dynamics of daily rhythm changes of circulatory glucose level in rabbits with hypopinealism induced by around
the clock lighting for ten months, mmol/l

Group, th . ; ,
ntl;(li:ll:)er 0: Observation Statistical index Time of day
. period, months
animals day night
I 0 e .
(n=15) (starting state) xS 5.54+0.20 3.92+0.31
1 5 0 5.56+0.45 6.50+ 0.24
(n=6) P >0.05 <0.001
- XES5; 6.39+0.16 6.32+0.20
(n=10) 10 P <0.001 <0.001
P <0.001 >0.05

Note: * is a statistical significance in comparison with the indicator in the daytime, (p <0.001)

dark cycle are determined by hyperglycemia during the
day, and not by the increase of this indicator only at night
as it takes place in case of ACL over five months.

The obtained data can be explained by preliminary
results of morphological and morphometric studies of the
endocrine part of rabbits' pancreas under the condition of
MS formation against the background of hypopinealism
induced by ACL for five months. In particular, it has been
shown shown that MS pathogenesis in hypopinealism is
associated with the progressive loss of Langerhans' islets
and their devastation as a result of a marked decrease in
the number of S-cells against a background of the cellular
structure degradation of the insulin-producing apparatus,
as well as the functional overload of S-cells with preserved
morphology [10]. In view of the latter it is possible to make
an assumption that the revolved hypoinsulinemia in
experimental animals after ten months' light exposure is a
result of further destructive process in the endocrine part
of the pancreas.

Thus, the course of MS in experimental animals
against the background of long-term hypopinealism is
associated with the further progression of glucose
homeostasis disorders. The determined hyperglycemia
against the background of hypoinsulinemia over the day
in the experimental animals under the condition of ACL
over ten months points to deeper changes in the glucose
metabolism in the experimental rabbits compared with ones
that have been identified as a result of five months of ACL.
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It is known that MS is considered as a premorbid state
of type 2 diabetes. According to contemporary views
about the pathogenesis of insulin independent diabetes,
the manifestation of this disease in humans is associated
with a significant decrease in the number of pancreatic S-
-cells against the background of spontaneous evolution
from relative to absolute insulin deficiency with persistent
insulin resistance [13]. Taking into account the latter, the
above results of changes in functional activity of
pancreatic f~-cells and glycemia in course of MS against a
background of long-term hypopinealism along with the
earlier established morphological disturbances in
Langerhans' islets structure during the formation of MS
under these conditions [10], it is possible to conclude
that to some extent the carbohydrate metabolism changes
in the experimental animals are similar to those ones
belonging to pathogenesis of type 2 diabetes mellitus in
humans.

The results of this work coincide with the scientific
literature data on receptor-mediated melatonin modulation
of daily rhythm of physiological functioning pancreatic /-
-cells and, accordingly, the participation of this hormone in
the regulation of carbohydrate metabolism [1, 11, 12]. Mo-
reover, a determined increase in the expression of
membrane melatonin receptors in islets of Langerhans
among the patients with type 2 diabetes and a positive
therapeutic effect on carbohydrate metabolism in Zucker
diabetic fatty rats additionally indicate that the prolonged
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violation of this hormone product by the pineal gland can
have profound negative consequences for the state of
glucose homeostasis [14].

Conclusions

1.Sustained melatonin deficiency under the condition
of the metabolic syndrome leads to the insulinemia daily
rhythm levelling provided by hypoinsulinemia over the
day.

2.The course of metabolic syndrome against the
background of long-term hypopinealism induced by
round-the-clock lighting for ten months is associated with
the glycemia daily rhythm levelling due to hyperglycemia
during both the day and night times.

3.Hyperglycemia and hypoinsulinemia as a result of
the metabolic syndrome course in long-term hypopi-
nealism should be considered as a prerequisite for
manifestation of type 2 diabetes mellitus hereafter.

Prospects for further research
Research will continue in the chosen scientific
direction.
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