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Effect of avandamet on conditioned food reflex
in rats of different age groups
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The prevalence of Alzheimer s disease (AD) is increasing in the absence of truly effective treatments. The
recently discovered causal link between AD and type 2 diabetes mellitus (T2DM) (non-insulin-dependent
diabetes mellitus) suggests that an increase in insulin receptor resistance may affect brain aging and lead to
AD. In our experiments, we tested Avandamet (AVD), the antidiabetic drug used for the treatment of T2DM,
on temporary parameters of conditioning food reflex in rats. We measured the individual components of the
sensorimotor reaction (SMR) of rats, which reflect CNS's functional state. Important tha7t rosiglitazone is
the main component of AVD. It acts by activating the nuclear peroxisome proliferator-activated receptor
(PPAR) gamma. Our data showed that this drug influences the brain function of both young and old rats. It is
proved that AVD affects the CNS of rats by increasing their excitability. Considering the obtained data from
the point of view of AD, the time parameter, which changed more significantly in old rats, was responsible
for analyzing the situation and speed of action. Under AVD s influence, old rats became more agile and had
increased motor activity, also the success of rats in performing a conditioned reflex was increased. Thus,
the drug AVD and its active component rosiglitazone can be perspective for its testing in AD treatment.
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INTRODUCTION

It is known that Alzheimer’s disease (AD) is an
incurable disease in which the death of brain
cells and the disruption of neural connections
occur. The latter leads to the degradation of
brain functions, and especially this concerns
the loss of memory. In this case, drug therapy
mitigates the manifestation of symptoms and
reduces the rate of negative changes. However,
it is impossible to pull through patients with
AD at present.

Recently, the positive effect of drugs used
totreattype 2 diabetes mellitus (T2DM) on AD
patients has been described [1, 2]. It was also
reported that patients with T2DM increase the
risk of AD [3]. Comparative efficacy and accept
ability of antidiabetic agents for AD and mild
cognitive impairment were also studied [4].
These findings indicated a pro-cognitive effect of
antidiabetic agents in AD. In several laboratories,
the effects of antiglycemic drugs were studied
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in disease models in rodents. Thus, the neuro-
protective potential of antihyperglycemic drug
metforminin a streptozocin-induced rat model
of sporadic AD was studied [5]. These authors’
results showed that metformin reversed in AD
model-rats impairments in spatial learning/
memory performance and sociability. In other
experiments, it was shown that the insulin-
degradingenzyme contributed to the pathology
in a mixed model of T2DM and AD [6].
Recently, many data have appeared that deal
with the problem of the relationship between
AD and T2DM [1, 7-12].

Among such antidiabetic drugs that were
tested in experiments with AD turned out
rosiglitazone. Thus, recently, the rosiglitazone
embedded nanocarrier system’s neuroprotective
potential was explored on the streptozotocin-
induced mice model of AD [13]Based on their
results, the authors concluded that rosiglitazone
nanoformulation exerts strong neuroprotection
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via increasing the mRNA expression of growth
factors and inhibition of oxidative stress,
neuroinflammation and eventually prevents
neuronal injury in AD. It has also been shown
that rosiglitazone improved hippocampus-
dependent cognition in the AD mouse model
[14] Also, rosiglitazone prevents the memory
deficits induced by amyloid-beta oligomers [15]

Therefore, our research aimed to study the
effect of the antidiabetic drug rosiglitazone in
the form of a medicinal product Avandamet
(AVD), on memory processes in young and
old rats. Old rats were used as a model of AD
in our experiments. We applied an analysis
of the conditioned food reflex’s temporal
characteristics in rats, so far as these reflect the
efficiency of the brain activity.

METHODS

All experimental procedures were following
the European Commission Directive (86/609/
EEC) and ethical guidelines of the International
Association for the Study of Pain and were
approved by the local Animal Ethics Committee
of the O.0. Bogomoletz Institute of Physiology
(Kyiv, Ukraine). All efforts were made to
minimize the numbers and suffering of animals
used. Experiments were carried out on female
Wistar rats aged 3 and 15 months, weighing 180-
220 g. Rats were kept under standard vivarium
conditions (temperature 23-25°C). Animals were
divided into control and experimental groups of
young and old (n =5 in each).

AVD (Rosiglitazone Maleateand Metformin
HCI) from Glaxo Smith Kline, Spain, was used. An
aqueous solution of AVD was administered at a dose
of 4 mg/kg per os for 1 h before the experiment.

The conditioned food reflex was formed in
an automated experimental chamber (automated
device), which consisted of a main (30 x 25 x
25 cm) and food (15 x 25 x 25 c¢cm) compart-
ments, between which there was a transparent
wall with a closing hole for access to arotating
auto-feeder with food balls. On the front wall
of the main compartment at the top was the
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source of the conditional sound signal (60 Db).
After three days of adaptation (habituation of
the animal to the experimental chamber), the
animals were placed in the main compartment
on the fourth day. After turning on the condi-
tioned signal, the food compartment window
was opened for 5 s, and the animal was allowed
to move freely. In the case of approaching the
feeder with a signal, the rat received food. One
experiment included 10 samples, separated by
60 s intervals. During testing, the number of
correct responses (the level of differentiation),
the food-procuring reaction duration, and its
components were assessed.

We used the automated device and software
developed by ourselves [16, 17], to register the
individual components of sensorimotor reaction
(SMR). The principle of the behavior registra-
tions based on the operation of infrared sensors
registered the moving rats’ paw in the hole of
the feeding chamber.

In the rats placed in the main box, the skill,
in response to a short sound, was developed to
make search movements with a limb in an empty
feeder, reinforced after 2 s by feeding. The in-
terval between the individual presentations of
the sound was the 30 s. The time course of the
experiment and corresponding time indicators
were registered. Using this system and software,
we registered and analyzed following SMR in-
dicators: ¢/ - latent period, the time before the
first the attempt of getting food after the sound
stimulus; 7 - limb staying in the food window
before supplying the food; RD -the mean time of
the limb staying in the food cell during the single
attempt of obtaining the food; TRr -the mean
time between the attempts of obtaining the food;
RN - the number of required attempts for getting
food; RT - a mean time for motor response of
obtaining food: total time of getting food from
the feeder. In addition to these indicators, were
corded the number of successful responses ex-
pressed as a percentage of the total number of
audio stimulus and RNIS -number of approaches
to the food window position between the sound
signals during the interstimulus period (/SP).
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These time parameters characterize the speed of
information processing in the CNS, the level of
motivation, and the animal’s overall excitability.

Data are presented as means + standard error
(s.e.). The statistical significance of differences
between the values in control and treated groups
were estimated using a Student’s t-test; the cases
with P < 0,05 were considered to be statistically
significant.

RESULTS

During testing the food-getting reflex, we
found that success in getting food was better
in young rats. In the control group, the success
of the conditioned reflex’s manifestations
in young rats was higher (91.6%; Fig. 1A)
than in older ones (84.27%; Fig. 1B). In the
older group, we observed greater variation of
this indicator that may be due to age-related
difficulties in the extraction of information
about conditioning stimuli. AVD increased the
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Fig. 1. The mean data of registration of successfulness of
conditional food reflex (rat obtaining of feed after sound) mea-
sured in control conditions (white) and in rats that consumed
AVD (black). Tests performed on young (A) and old (B) rats
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success of manifestations of the conditioned
reflex in old rats to young group indicators
registered in control (96.67%) Fig. 1B. At the
same time, this parameter achieved 97.28% in
young rats after AVD treatment, Fig. 1A. Thus,
AVD substantially improved the success of
the manifestations of the conditioned reflex in
both age groups. The high success rate of the
reflex (over 90%) may be the result of several
factors: on the one hand - a reason ably strong
link between the representations of the sensory
and motor zone sin the CNS, on the other — high
food motivation. But, as already mentioned,
since all animals were in the same conditions of
food deprivation, the growth of the excitatory
process was caused by the action of the AVD.
We determined that while AVD did not affect
the number of attempts required to pull food out
of the food window (RN), this drug significantly
increased the number of approaches to the trough
window (RNIS) in both rats’ groups (Fig. 2).
Thus, AVD increased the value RNIS — the num-
ber of animal approaches to the food window
position between the sound signals during the
inter stimulus period. RNIS was increased by
68,63% in young (Fig. 2A) and 49,56% in old
animals (Fig. 2B). In young animals, the values
differed statistically significantly. It should be
noted that the value of RNIS was significantly
higher in young rats than in old ones in control
conditions. Thus, in old rats, RNIS was 4.96,
while in young rats, it was almost twice as
much - 9.24. These experiments have shown that
AVD enhances the CNS excitatory process, as
evidenced by the increase in the number of in-
terstimulus reactions in both young and old rats.
Testing the conditioned reflex’s temporal
characteristics showed that in control experi-
ments in young animals, the time of search
movements (7¢) in an empty feeder after the
conditional sound signal was twice as long as
in old ones (Fig. 3). The latter can be explained
by the higher degree of CNS excitability charac-
teristic of early life, rather than the high degree
of food motivation, as rats of both age groups
were previously on 24-hour food-deprived. AVD
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did not affect ¢ temporal characteristics in two
groups of animals (Fig. 3A, B).

After treatment with AVD, the time between
individual food extraction movements (7Rr)
and the total time spent on extracting food balls
from the feeder (RT) was decreased (Fig. 3).
Thus, in young rats, the value of TRr decreased
by an average of 248 ms, and in old rats by 96
ms, which was 34.24 and 15.95% (n = 143),
respectively, relative to the control values. It
should be noted that the changes in values were
statistically significant in young animals.

Regarding RT value, it proved This value
was found to be higher in young rats than in
old in control conditions. This manifestation
can be explained by the fact of the low level of
CNS excitation in old rats compared with young
promotes a more accurate motor response both
in control (1592 ms in the old, 2040 ms in the
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Fig. 2. The average values of the quantitative characteristics
of rat food reflex recorded in control and under treatment
with AVD in young (A) and old rats (B) are presented. The
valuesare RN- the number of required attempts for getting
food and RNIS — number of approaches to the food window
position between the sound signals during the interstimulus
period. The significance of the differences with P < 0,01 is
indicated by two asterisk

44

young) and under the influence of AVD (1363 ms
in the elderly, 1741 ms in young) and is not due
to a high level of food motivation. The time RT
decreased in young rats under AVD’s influence
on average by 299 ms, in old by 229 ms, which
was 14.7% and 14.4% (n = 143) of the control
value, respectively (Fig. 3A,B).

In old rats, AVD also caused a decrease in
RD value by an average of 133 ms (n =143)
(15.95% of control), whereas, in young animals,
this temporal characteristic was changed not
significantly. This parameter is responsible for
the time the animal’s limb is in the food hole
during food retrieval.
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Fig. 3. The average values of temporal characteristics of rat
food reflex recorded in control and after treatment with AVD
in young (A) and old (B) rats. The values are 7 — limb stay-
ing in the food window before supplying the food, RD — the
mean time of the limb staying in the food cell during the single
attempt of obtaining the food, 7R» — the mean time between
the attempts of obtaining the food, RT — total time of getting
food from the feeder, #/ — latent period, the time before the
first the attempt of getting food after the sound stimulus. The
significance of the differences with P < 0,05 is indicated by
one asterisk
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The latent period of the sensorimotor re-
sponse (t/)to the conditioned sound stimulus in
control was more prolong in old animals than
young groups (Fig. 3A, B). But AVD increased
the speed of processing audio information by
young animals on average by 243 ms (n = 143,
10.2% of control). In old rats, it was not changed
under the influence of AVD (Fig. 3B).

DISCUSSION

Currently, there are several hypotheses regarding
the causes of Alzheimer’s disease. Among them
are the acetylcholine, mitochondrial, beta-
amyloid, calcium hypothesis, etc. But sometimes
it is very difficult to understand which process
is the cause and which is the consequence of the
pathological changes. The latter also applies to
AD. Our previous researches have addressed
some aspects of this problem. In our previous
experiments, we have shown that mitochondria
, K* ion channels of mitochondria are subject
to changes in AD modeling [18, 19]. The role
of calcium ions also has been shown [20, 21].
We also tested the involvement of glutamate
receptors in AD using the glutamate receptor
antagonist memantine [22, 23]. Recently, a
new hypothesis has appeared that AD may be
associated with impaired glucose metabolism
in the organism, with type 2 diabetes mellitus
(T2DM) [1, 3, 7-12, 15,24].Important that
the drugs used to treat T2DM has proven to
be effective in correcting AD. One of these
drugs is rosiglitazone, which is the main part
of AVD. Just this compound we took in our
experiments. To identify its action, we used the
time parameters of the conditioned reflex in
rats. These parameters quantitatively describe
sensory-motor responses and make it possible to
assess the central nervous system’s functioning
precisely. The old animals served as a model for
AD in our experiments.

It would also like to say a few words
about rosiglitazone. This compound works as
an insulin sensitizer and is an agonist of the
peroxisome proliferator-activated receptors
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(PPARSs). The receptors are the ligand-activated
transcription factors of the nuclear hormone
receptor superfamily, also known as the glita-
zone receptors. They comprised of three sub-
types: PPARa, PPARB/6, and PPARY. Activation
of PPAR-a reduces the triglyceride level and is
involved in the regulation of energy homeosta-
sis. Activation of PPAR-[3/6 enhances fatty acids
metabolism, whereas activation PPAR-y causes
insulin sensitization and enhances glucose
metabolism. Thus, nuclear receptors’ PPAR
family plays a major regulatory role in energy
homeostasis and metabolic function [25].

The distribution of PPAR mRNA and protein
in several brain regions was shown. Quantitative
PCR and double immunofluorescence micros-
copy determined that both PPAR mRNA and
protein are expressed ubiquitously throughout
the adult mouse brain. PPARs regulate transcrip-
tions through a complex mechanism as it is
described in the review by Berger and Moller
[26] and Nierenberg et al. [27].

Accordingly, receptors from this family,
including PPAR-y, are expressed in the brain
and play a significant role in oxidative stress,
energy homeostasis, mitochondrial fatty acids
metabolism, and inflammation. Moreover,
PPAR-a regulates expression of genes coding
enzymes engaged in amyloid precursor protein
(APP) metabolism. It activates gene coding of
o secretase, which is responsible for the non-
amyloidogenic pathway of APP degradation.
It also down regulates B secretase (BACE-1),
the main enzyme responsible for amyloid-
beta (AB) peptide release in AD. It was shown
that at AD, the brain expression of genes of
PPAR-a and PPAR-y is significantly decreased.
Moreover, the expression of PPARs is altered
not only in AD but in other neurodegenerative/
neurodevelopmental and psychiatric disorders.

Our experiments have shown that rosigli-
tazone, an agonist of PPAR-y, and the main
component of AVD, enhances the CNS excitato-
ry process in both age groups. That is evidenced
by the increase in the number of interstimulus
reactions in both young and old rats. The high
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success rate of the reflex (over 90%) in the case
of AVD treatment may be the result of several
factors: on the one hand - a reasonably strong
link between the representations of the sensory
and motor zones in the CNS, on the other - high
food motivation. But, as already mentioned,
since all animals were in the same conditions
of food deprivation, the excitatory process’s
growth was caused by the action of the AVD.

Thereby, our data indicate that the antidia-
betic drug AVD, which is used to treat T2DM
(insulin-non-dependent diabetes mellitus),
affects the CNS by increasing its excitability.
Our data showed that this drug influences the
brain function of both young and old rats. If we
consider the obtained data from the point of view
of AD, the time parameter, which changed more
significantly in old rats, was - RD, responsible
for analyzing the situation and speed of action.
Old rats became more agile and had increased
motor activity under the influence of AVD. This
compound also increased the success of rats in
performing a conditioned reflex. Thus, the drug
AVD may be recommended for its testing in AD
treatment.

CONCLUSIONS

AVD at a dose of 4 mg/kg increases the CNS’s
excitability, manifested by the several follo-
wing facts;

increasing the number of interstimulus motor
reactions;

reducing the time of removing food balls
from the feeder, i.e., increasing the speed of
individual phases of food movements. This trend
is manifested regardless of the high state of
motor excitability in young animals in control;

increase in individuals in a group of older
animals the probability of reflex manifestations
(the ability to extract from the “memory cells”
the significance of the sound signal, which
triggers the sequence of food movements).

Acknowledgments. This study was supported
by National Academy of Sciences of Ukraine

46

(NASU) SRN 0118U007344 and NASU grant for
the development of priority areas of research
SRN 0120U001281.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or
financial relations, relations with organizations
and/or individuals who may have been related to
the study, and interrelations of co-authors of the
article.

B.A. T'op6auenxo, K.O. Kpyuenxd,
0.0. JIyk’sineub

BIIJIUB ABAHJIAMETY HA YMOBHUM
XAPYOBMI PE®JIEKC Y IIYPIB PI3BHUX
BIKOBUX I'PYII
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Vkpaina, email: gva@biph.kiev.ua

[Mommpenicte xBopobu AnsureiiMepa (XA) 3pocrae 3a
BiICYTHOCTI NiHiCHO €(pEeKTUBHHUX METOJIB JiKyBaHHS.
HemonaBHO BUSIBICHUI NPHUYMHHO-HACIIAKOBHH 3B SI30K
Mik XA Ta mykpoBuM giaberom 2-ro tumy (L[AT2, Heincy-
JHO3AIEC)KHUH IyKPOBUU aia0eT) CBIAYHUTH MPO TE, IO
MIIBUIIEHHS CTIHKOCTI JI0 1HCYJTIHOBUX PEIENITOPIB MOKE
BIUIMHYTH Ha CTAapiHHS MO3Ky Ta mpu3BecTu 1o XA. B
HAIINX eKCHepHMEHTaX OyJI0 MPOTECTOBAHO aBaHJaMeET,
npotuiabeTHYHUI mpenapar, Mo 3aCTOCOBYETHCS IS
nikyBanHs LIJIT2, Ha 4acoBi mapaMeTpu YMOBHOTO Xap4o-
BOrO peduiekcy y mypiB. BumiproBaiuck okpemi KOMIIO-
HEHTH ceHcoMoTopHOI peakiii (CMP) mypiB, axi Bimo0-
paxaioTs ¢yHknionansHuil ctan L{HC. Baxmuso, mo
POCHTIIITa30H € OCHOBHMM KOMIIOHEHTOM aBaHAaMeTy. Bin
Jlie 4epe3 aKTHBAIII0 TaMa-pelenTopiB, MO aKTUBYIOTHCS
nporieparopamu epokcrucoM. Hamri pe3ynpTaTi moxasaim,
IO [eH mpemnapar BIUTMBAE Ha POOOTY MO3KY SK MOJIOJHX,
TaK 1 cTapux OIypiB. BusBMIOCH, 0 aBaHIaMeT BILIMBAE
Ha [{HC mypiB, migBumryoun ix 30yiuBicTs. BpaxoByroun
OTpHMaHi Pe3yNbTaTh 3 TOYKH 30py XA, 4acoBuUil mapamerp,
SIKMI TIOMITHO 3MIHUBCA y CTapHX LIypiB, BIAMOBIIaB 3a aHATI3
cutyamnii Ta mBHUAKICTh Aii. Ilig BIuIMBoM aBaHIameTy crapi
LIypu CTany OifbII COPUTHUMH 1 Malli MiJBHIICHY PYXOBY
aKTHBHICTb, a TaKOX 301IbIIMBCS iX yCHiX y BUKOHAHHI
YMOBHOTO pediekcy. TakuM 4umHOM, Ied mpemapaT Ta
HOro aKTHBHUHM KOMIIOHEHT POCHTIIITa30H MOXKYTh OyTH
MIEPCTIEKTUBHUMH /T TECTYBaHHS TP JIiKyBaHHI XA.
KnrouoBi crmoBa: xBopoba AnpureiimMepa; aBaHIaMeT;
MOBEiHKA; YMOBHHUH peduiekc; XapuoBuil peduiekc; mrypu;
PPAR; pocurmitazon.
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B.A. T'opbauenko ,
E.A. Jlykbsinen

BJUSHUE ABAHIAMETA HA YCJIOBHBII
MUIIEBOM PE®JEKC Y KPBIC
PA3HbBIX BO3PACTHBIX I'PYIIIT

Pacnpoctpanennocts Oonesnn Anbrreiimepa (BA) ysemnu-
YUBAETCA B OTCYTCTBHE ACHCTBUTEIbHO 3(P(HEKTUBHBIX
MeTo0B seueHus. HenaBHO oOHapyXeHHAs MpUIHHHAS
cBiI3b Mexay BA u caxapueim guabetom 2 tuma (CH2,
MHCYJINHHE3aBUCUMBIH CaXxapHbIH JuabeT) mpeanosaraert,
9TO MOBBIIICHUE PE3UCTEHTHOCTH K PEIENTOpaM HHCYINHA
MOJKET BIMATH Ha CTapEHHE MO3Ta W MPHBOAHUTH K BA. B
HAIIMX SKCIEPHMEHTaX TECTHPOBAIHM aBaHAAMET, MPOTHBO-
Ma0eTHYECKHI TIpeTiapaT, UCTIONb3yeMbli 1uis neaeHus C/12,
Ha BPEMEHHBIE TAPAMETPBI yCIOBHOTO MUIIEBOTO peduieKca y
KpbIC. VI3Mepstich OTAeabHbIe KOMIIOHEHTHI CEHCOMOTOPHBIX
peakuuii (CMP) kpbic, KOTOpBIE OTpaXkaroT ()yHKIIHOHATIBHOE
cocrossare [JTHC. BaxHO TO, YTO POCUTIMTA30H SBISACTCS
OCHOBHBIM KOMIIOHEHTOM aBaHpmamera. OH meicTByeT
yTeM aKTHUBAIlMU TaMMa-peleNnTOpPOB, aKTUBHPYEMBIX
nponudepaTopamu nepokcucoM. Hamm pe3ynbTaTsl moka-
3a1M, 4TO ITOT NpenapaT BIUsIET Ha (PyHKIUIO MO3ra Kak
MOJIOJIBIX, TAK M CTaphIX KpbIc. OKa3aaoch, 9YTO OH BIHAET HA
LIHC kpslIc, moBbImas ux BO30yIuMocTb. Eciti paccMaTpuBath
[10JTyYEHHbIE PE3YJIbTAThI C TOUKHU 3peHust bA, To BpeMeHHOM
napametp, 0oyiee CyIeCTBEHHO M3MEHHBIIHHCS y CTaphIX
KpbIC, OTBEYAJI 32 AHAJIU3 CUTYAllUUd U CKOPOCTh AECUCTBUH.
[Tox BAMsSHMEM aBagaMeTacTapble KPBICHI CTadu Oolee
MO/IBMKHBIMH, Y HUX MOBBICHUIIACH ABUTATENIbHASI aKTHBHOCTD,
a TaKk)Ke MOBBICHIIACH YCIENTHOCTh KPBIC MPU BBITOIHEHUN
ycnoBHOTO peduiekca. Takum oOpa3zoM, mpenapar aBaHAaMeT
U ero aKTHBHBIM KOMIIOHEHT POCHTIHTA30H MOTYT OBITh
MEePCIIEKTUBHBIMY ISl TECTHPOBAHUS IPH JleueHnH BA.
KiroueBrble croBa: Oone3Hp AublreiiMepa; aBaHAaMET; I0-
BEJICHUE; YCIOBHBIN pedeKc; MUIIEeBOH peduiekc; KPBICH;
PPAR; pocuriura3zoH.
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