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Neurobehavioral activities were estimated in three groups of male albino mice using the open
field, elevated plus maze, light/dark board, and hole-board tests. The control group included
intact animals, while alloxan-induced diabetes was evoked in the other two groups (single
i.p. injection of 120 mg/kg alloxan). In the third group, a nonspecific beta-adrenoreceptor
antagonist, propranolol, was i.p. injected (40 mg/kg) before the induction of diabetes. In
diabetic mice, all neurobehavioral indices tested in the four above-mentioned tests were
significantly (P< 0.05) smaller than those in the control group. The frequencies of rearings
and grooming episodes in the open field, number of entries into the open arms and time spent
in these arms in the elevated plus maze test, and number of head dips in the hole-board test
demonstrated the most intense drops (more than twofold). Pretreatment with propranolol
provided significant (P < 0.05) normalization of all neurobehavioral indices in diabetic
mice; such normalization with respect to the locomotion intensity, frequency of grooming,
time spent in the open arms, and both indices in the light/dark board was nearly complete.
Thus, diabetes in the animal model used is accompanied by the development of the state of
abnormally high anxiety. The activity of the beta-adrenergic system is noticeably involved
in the formation of this state; pharmacological blocking of beta-adrenoreceptors provides
significant anxiolytic effects.
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INTRODUCTION

As is generally known, diabetes mellitus affects
the CNS and induces neurological dysfunctions and
cerebrovascular impairments, even though the brain is
not usually thought to be a special target for chronic
diabetic complications [1]. Peripheral neuropathy was
the primary neuroscience focus of diabetes research
in the past; recently, however, chronic diabetes was
found to affect significantly the CNS in several
ways. In particular, it was found that diabetes causes
cognitive dysfunction [2], dementia [3], deficits in the
white matter microstructure [4], reduced hippocampal
neurogenesis [5], and alterations in the gray matter
density [6].

The adrenergic system is known to affect many
neurobehavioral activities, including reconsolidation
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of appetitive learning [7], neurobehavioral and
neurochemical alterations in STZ-induced diabetic
rats [8], modulation of spatial memory, etc. [9]. At
the same time, the role of the adrenergic system in
diabetic alterations has attracted little attention. To
enlarge the scope of study in this field, we focused
on the beta-adrenergic modulation of CNS changes
related to diabetes with emphasis on neurobehavioral
phenomena and, specifically, on anxiety.

METHODS

Animals. Male Swiss Albino mice (25-35 g) obtained
from the Pre-clinical animal house of the College of
Medicine (University of Ibadan, Nigeria) were used in
the study. They were kept at room temperature under
standard laboratory conditions, with a 12-h light/dark
cycle, and fed with mouse cubes (Ladokun feeds Nig
Ltd., Ibadan) and water ad libitum.

Drugs and Chemicals. Propranolol hydrochloride
and alloxan were obtained from Research Biomedicals
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Inc. (USA) and Sigma Aldrich (USA), respectively.

Induction of Diabetes. Diabetes was induced
by a single dose of alloxan (120 mg/kg) injected
intraperitoneally (i.p.) after a 24-h fast. Only mice
with blood glucose levels above 185 mg/dl were
considered diabetic and used for further tests.

Behavioral Assays.

Open Field Test. The standard technique of this test
was used. The open field box looked like a rectangular
arena with a hard floor, measuring 36x36x26 cm and
made of white painted wood. The floor was divided by
permanent red markings into 16 equal squares. Each
mouse was introduced singly into one corner of the
field, and the total locomotion index (number of units
entered with all paws), rearing frequency (number of
times the animal stood on its hindlimbs or with its
four limbs against the walls of the observation box),
and grooming frequency (number of body cleaning
with paws, picking of the body and pubis with mouth,
and face washing activities) within each 10-min-long
interval were recorded.

After each of these assays, the arena was cleaned
with 70% alcohol to eliminate olfactory bias and
allowed to dry before introducing a fresh animal.

Elevated Plus Maze Test. The anxiety status of
animals was assessed using the above-named test
[10]. The elevated plus maze consisted of two open
arms (30x5 ¢cm) and two closed arms (30x5%X15 c¢m)
extended from a central platform (5x5 cm). The entire
maze was elevated 40 cm above the floor. During the
first 5 min of free exploration, the number of entries
and the time spent in the open and closed arms were
recorded. An entry was defined as the point where the
animal placed all four paws onto the arm. The maze
floor and walls were constructed from black and clear
Plexiglas, respectively.

Light-Dark Exploration Test. The apparatus
consisted of a Plexiglas box with two compartments
(20%20 cm each), one of which was illuminated with
white light, while the other remained dark. Each
animal was placed at the junction of the light/dark
areas, facing the illuminated compartment. The time
spent in and the number of entries into the light and
dark spaces were recorded for 5 min.

Hole—Board Test. The anxiety level was also
evaluated in mice by using a hole-board apparatus
(35x35%x15 cm). Its walls were made from clear
Plexiglas, and the arena was constructed from black
Plexiglas and divided into 16 equal squares with
16 holes (diameters 3.5 cm). The equipment was
elevated 56 cm above the floor. Each animal was
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placed on the central square of the arena, and the
number of head dips was recorded during 5 min. An
increase in the number of head dips signifies a positive
anxiolytic-like effect [11].

Statistical Analysis. Results were expressed as
means + s.e.m. The differences between behavioral
data were analyzed using the Student’s ¢-test and, at a
value of P < 0.05, were regarded as significant.

RESULTS
Open Field Test. Mice with alloxan-induced
diabetes demonstrated significant suppression of

the locomotion phenomena in this test. In diabetic
mice, the number of locomotion events within the
observation period corresponded to only 71% of that
in the control group (P<0.05) (Fig. 1A). Even stronger
suppression in these mice was found with respect to
the indices of orientation/research behavior (rearings)
and grooming episodes (42 and 49%, respectively,
P < 0.05 in both cases) (Fig. 1B, C). Partial blocking
of the beta-adrenergic system in diabetic mice due
to pretreatment with propranolol led to significant
increases (P < 0.05) in all above-mentioned indices.
The intensity of locomotion in the respective group
was practically fully normalized, and the frequency of
grooming episodes even exceeded the control value.
Only with respect to the number of rearings within
the observation period was the recovery only partial;
this index was equal to about 61% of the norm and
significantly differed from the control (P < 0.05)
(Fig. 1A-C).

Elevated Plus Maze Test. Diabetic mice
demonstrated significant (about twofold) reductions
in the number of entries into the open arms and in
the time spent in these arms (P < 0.05) (Fig. 2A, B).
Pretreatment of such mice with propranolol in
the respective animal group provided significant
increases in the above indices (P < 0.05 in
comparison with the diabetic group); the number
of entries into the open arms corresponded to
about 78% of the control, while the recovery in the
time spent in these arms was practically complete
(Fig. 2A, B). These observations are clearly indicative
of a considerable increase in the anxiety level in
diabetic mice and nearly full compensation of the
respective shifts in propranolol-treated animals.

Light/Dark Board Test. In mice with alloxan-
induced diabetes, the numbers of entries and the
time spent in the illuminated arena of the light/
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Fig. 1. Effect of propranolol pretreatment on behavioral indices of
diabetic mice in the open field test, the intensity of locomotion (A),
frequency of rearings (B), and frequency of grooming episodes (C).
Experimental groups are indicated below the columns; values are
expressed as means =+ s.e.m (n = 6). Asterisks and # signs show cases
of significant intergroup differences with P < 0.05 in comparisons
of the control vs. diabetic and diabetic vs. diabetic+propranolol
animals.

P u c. 1. BrumB mnonepeiHboro BBEAEHHS HPOIPAHOJIONY Ha
[IOBEIIHKOBI IMOKAa3HUKH MHUIIEH 3 [Aia0EeTOM, BH3HAYEHI B TECTI
BigkpuToro mnons (A — iHTEHCHUBHICTh JIOKOMOLii, B — wacTtoTa
«CTiifoK», C — 9acToTa emi30/iB TPYMIHTY).
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dark box apparatus were significantly smaller as
compared with the control (58 and 72%, respectively;
P < 0.05). Pretreatment with propranolol provided
complete or close to complete reversal of these indices
(P <0.05, as compared with the group of diabetic mice
with no pretreatment) (Fig. 3A, B).

Hole-Board Test. The number of head dips in
this test shown by diabetic mice was more than
twofold smaller than that in the control (P < 0.05).
Pretreatment with propranolol provided a significant
increase (P < 0.05) in the frequency of the head dips
in diabetic mice, but the recovery was only partial
(to 67% of the norm) (Fig. 4).
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F i g. 2. Effect of propranolol pretreatment on behavioral indices
of diabetic mice in the elevated plus maze test, the number of
entries into the open arms (A) and time spent in these arms (B).
Designations are similar to those in Fig. 1.

P u c. 2. BrumB mnomnepesHbOro BBEACHHS IPOIPAHOIONY Ha
MMOBEIIHKOBI TMOKAa3HUKKA MHUIIEH 3 Aia0eToM, BM3HAYEHI B TECTi
HiHATOTO NabipuHTY (4 — KINBKICTh BXOJIB 10 BiJKPUTHX PYKaBiB,
B —4ac, nmpoBeeHnil y Takux pyKaBax).
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Fi g. 3. Effect of propranolol pretreatment on behavioral indices of
diabetic mice in the light/dark box test, number of entries into the
illuminated arena (A) and time spent in the latter (B). Designations
are similar to those in Fig. 1.

P u c. 3. BumB mnomnepeaHboro BBEICHHS IMPOIPAHOJONY Ha
MMOBEIIHKOBI IMOKA3HWKM MHMINEH 3 aiab0eToMm, BM3HA4YeHI B TECTi
3 OCBITJICHHM Ta TEMHHM Biacikamu (4 — KUIbKICTh BXOIIB 11O
OCBITIIEHO] 30HNU, B — Yac, IPOBEACHUH y TAKOMY BiJICIKY).

DISCUSSION

The results of our study showed that experimental
diabetes in mice causes considerable neurobehavioral
alterations. Their majority is, most probably, related to
a significantly increased level of anxiety, and this shift
can be rather effectively reversed by beta-adrenergic
blockade.

Anxiety is a state of cognitive and behavioral
preparedness mobilized by an organism in response to
a future or a distant potential threat. In its pathological
form, excessively high anxiety is a maladaptive state
that impairs the ability of an organism to respond
optimally. The anxiety level is routinely estimated
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F i g. 4. Effect of propranolol pretreatment on the behavioral index
of diabetic mice in the hole-board test (number of head dips in the
holes). Designations are similar to those in Fig. 1.

P u c. 4. By nonepefHbOro BBEJCHHSA IPOIPAHOJIONY Ha
MOBEIIHKOBI ITOKAa3HUKU MHUIIEH 3 JaiabeToM, BU3HAYEHI B TECTI 3
JIOLIKOIO 3 «HIPKaMI».

experimentally using the elevated plus maze, light/
dark board, and hole-board tests. Our observations
of significant reductions in the number of entries
into the open arms of the elevated plus maze, time
spent in these arms, and reduction in the number of
head dips in the hole-board test are all indices of an
elevated anxiety level in diabetic mice. The elevated
plus maze and light/dark box test are frequently used
for estimation of anxiety-related behaviors in rodents
[12]. An anxious animal will systematically prefer
dark and confined spaces, as was readily observed in
our study.

Shorter times spent in and reduction in the number
of entries into the open arm are considered an index
of high anxiety [10], thus confirming the anxiogenic
role of diabetes under conditions of our study.
Significant suppression of the mobility (locomotion),
orientational/research activities (rearings), and
emotion-related behavior (grooming) shown by
diabetic mice in the open field test is, undoubtedly,
the consequence of the increased anxiety in such
animals. It is, probably, expedient to specially mention
the following feature. Behavioral phenomena that are
most directly related to orientational/research activity
(rearings in the open field test, time spent in the open
arms in the elevated plus maze, and inspection of dips
in the hole board) were suppressed in diabetic mice
most intensely (more than two times as compared with
the control).

NEUROPHYSIOLOGY / HEUPODU3UOIOTUSA.—2017.—T. 49, Ne 4
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A general anxiety disorder was reported to be present
in 14% of patients with diabetes [13], and, naturally,
this disorder needs proper control. Our observations in
this study, therefore, provide experimental evidence in
support of the use of beta-adrenergic blockers in the
case of diabetes-induced neurobehavioral alterations.
The expediency of using such type of treatment in
clinics needs, however, special further investigations.
The clinical relevance of our findings will be a subject
of ongoing research in our laboratory.

In conclusion, these results illustrate the protective
effect of P-adrenergic blockade in diabetes-induced
neurobehavioral alterations in an animal model.

The protocols for animal experiments were conducted in
accordance with the guidelines (86/609/EEC) of the European
Community Council Directives and those of the Ethics
Committee in the University of Ibadan, Nigeria.

The authors of this communication, G. F. Ibironnke and
O. S. Asifat, confirm the absence of any conflict related
to commercial or financial interests, to interrelations with
organizations or persons in any way involved in the research,
and to interrelations of the co-authors.

I @. I6iponke’, O. C. Acipam’

BIIJIMBY BJIOKYBAHHS BETA-AJIPEHEPTTUHOT
CUCTEMU HA IHAYKOBAHI AIABETOM 3MIHU
[HOBEJIIHKUA V MUILEN

'"Menununnii konemx [6anancekoro YuiBepcutety (Hirepis).
Pesome

OniHroBaaN HEHPONMOBEAIHKOBI MOKA3HUKN B TPHOX Tpymax Oi-
JIUX MUIIEH-CaMIliB; BUKOPHUCTOBYBAIH T€CT BIJKPHUTOTO IO,
NPUIIAHATHH TaOipUHT, TECT-IPUCTPIH 3 OCBITIICHUM Ta TeM-
HHUM BiJcikaMU Ta JOIIKYy 3 «Hipkamu» (oTBopamm). Mumri
KOHTPOJBLHOI rpynu Oyiau IHTAaKTHHMH, a B JBOX IHIIUX Tpynax
IHIYKyBaJdl PO3BUTOK miabery (0QHOPa30Bi BHYTpPIMIHbEOOYE-
pesuHHI iH’ekuii 120 Mr/kr amiokcany). Y TpeTii rpymni Mu-
maM Inepeja yBEASHHSIM allNIOKCaHy BHYTPINIHbOOYEPEBUHHO
in’exyBanu 40 Mr/Kkr HecrnenuQivHOTO aHTAaroHicTa Oera-amgpe-
HOPELENTOPiB MPONpaHOoIoNy. Y MUIIeH i3 1iabeToM yci TecTo-
BaHI HEHPOMOBEAIHKOBI TOKa3HUKH B YOTHPHOX 3TAJAHUX TEC-
tax Oynu ictoTHO (P < 0.05) MEeHIIMMH, HiXK TaKi B KOHTPOIbHIN
rpymi. Yactora CTiHOK 1 emi30iB IPyMIHTY B T€CTi BiIKPHTOTO
oJIst, KUTBKICTh BXOZIB 10 BIJKPUTHUX PyKaBiB IiJHATOTO Ja0i-
PpUHTY Ta 4ac, IpOBEJEHNH y TAaKNX pyKaBax, a TAaKOXK KiJIbKICTh
3a3UpaHb y «HIPKH» Y BIAMOBITHOMY TE€CTi I€MOHCTPYBaIH Hali-
3HaAuYHINI 3HWKEHHs (Oinpmie Hik qBOpa3osi). [lomepenne BBe-
JICHHS IPOTIPAHOIIONY NMPU3BOAUIO 10 icToTHOT (P < 0.05) HOp-
Mari3arnii BciX BKa3aHUX HEHPOMOBENIHKOBUX ()EHOMEHIB; TaKa
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HOpMaJIi3amis o0 IHTEHCUBHOCTI IOKOMOLi1, YaCTOTH TPyMiH-
Ty, 4acy, IpOBEACHOTO Y BIAKPUTHUX pyKaBax JabipHHTY, Ta 000X
MOKa3HUKIB y TECTi 3 ABOMa BiAcikamu Oyna MpakTUYHO IIO-
BHOI0. OTXe, niabeT y BUKOPUCTAHIA MOJEl CyNPOBOMXKY€ETh-
Cs PO3BUTKOM HEHOPMAaJIbHO BUCOKOT TPUBOXKHOCTI. AKTUBHICTH
OeTa-apeHePTiYHOI CUCTEMHU ICTOTHO 3alydeHa y GOopMyBaHHS
TaxKoro crany; gapmaxonoriune 0JI0OKyBaHHs OeTa-aipeHopenen-
TOpiB 3a0e3medye iCTOTHI aHKCIOMITHYHI e()eKTH.
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