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ABSTRACT

In the present study it is shown the data of expenital testing of laboratory animals in universablplem camera
in the application chamber CD-SA (clathratecyclodextrin with the succinic acid in the ratidl in comparison
with the alternative drugs (Mexidol and succiniégddc The experimental results showed that by theedid mpg it
significantly changes the indices predominantlyhef cognitive sphere, expressing nootropic propsrtit is shown,
that in the raw of the drugs of comparison accogdio the degree of impact on the cognitive sphibeeffect CD-
SA is close to the similar effect of Mexidol. Praably CD-SA potentially activates the mechanismghef
declarative memory in the laboratory animals in thgeriment.

INTRODUCTION

Currentlyp-cyclodextrin and its numerous derivatives are Wwidesed in physiology and pharmacology [1-7]. They
are mainly used as the “containers” of medicinalgdrdue to its natural ability to encapsulate déifé hydrophobic
compounds with the formation of inclusion compountithe “quest—host” type [5-7]. The inclusion caoopds are
cyclodextrin clathrates with the known pharmacatagsubstance, which display the various bioagtiaitd attract
the definite interest from the practical point afw [8-10]

The inclusion complexes with the succinic acid, iwi@dl drugs containing the succinic acid are digpt in many
experimental and clinical research&he succinic acid and its derivatives became widslgd as means of broad
activity spectrum: antihypoxic action, actoproteetinootropic effect, adaptogenic effect and otfetsl4].

This work presents the details on synthesis andrémental trial of the nootropic activity caused the new
chemical compound representing clathf&®yclodextrin with the succinic acid in the ratidd 2n comparison with
the alternative drugs (Mexidol and succinic acid).

MATERIALS AND METHODS

Experiments were carried out with 64 white male maith the weight of 150-200 g, kept in the staddeonditions
of the vivarium taking into consideration the piples of humanity, and the plan of the study meatditions of
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Helsinki declaration of World Medical AssociatioWi/1A) of the latest revision (Edinburg, 2000), withe account
of explaining comment to the paragraph 29, whick a@ded by General Assemblée of WMA (Washingto220

Before organizing the study all the animals werptka the standard conditions. The rats were giaenll food

ration during 10 days before the beginning of tkpegiment according to the Rules of organizing vgousing
experimental animals (1977).

The experimental animals were subjected to the gisintypological selection according to the methd]] The
species belonging to the second behavioral typle pact in this set. The measures of the behavewaftch activity,
registered in the universal problem camera, areefiible to the influence of the pharmacologicadbstances
having the actoprotecting and neurotropic actifd].

The testing consisted of 2 stages: at the firgesthe formation of the instrumental reflex of eetiavoidance
behavior in the problem camera was held; at thergbstage the testing itself was carried out duBintays. During
the second stage the characteristics of the mainaltenergetic (according to the indicants of skdime (ST) and
search intensity (Sl)) and cognitive spheres (alingrto the cognitive component (CC)) in accordateehe
accepted methods were registered [15]. Additiortakyvector of the direction of error paces wadyaeal.

The utilized substance (Fig.1) represents the aotemsynthesized compound. This compound was regeive
according to the following pattern.

(OH)7
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(OH OH),
(OH OH), —
| 0
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Pic. 1. Graphic formula of clathrate B-cyclodextrin with succinic acid (CD — SA).

A solution of 0.50 g (0.44 mmol) of beta-cyclodéxtin 20 mL of water was heated to 70°C, 0.026 .@Z0mmol)
of succinic acid was added, and the mixture wasestifor 1 h at 70°C. The mixture was cooled tommoo
temperature and slowly evaporated to 1/3 of théainvolume in a desiccator over®, and the precipitate was
filtered off, washed with water (2x2 mL), and driedder reduced pressure (1 mm) for 4 h at 50°CldY0e28 g
(54%), mp 240-242°C (decomp.); R41 (Silufol UV-254 plates were used for thindaxhromatography; eluent:
chloroform—methanol, 3:2fH NMR spectrum (DMSO-, 8, ppm: beta-cyclodextrin: 3.20-3.70 m (84H, 2-H{ 3-
4-H, 5-H, 6-H), 4.45 br.s (14H, 6-OH), 4.79 br.gdl 1-H), 5.65 br.s (28H, 2-OH, 3-OH); succinicdac2.37 s
(4H, CH,), 12.15 br.s (2H, COOH). Found, %: C 44.40; H 6@Q&gH 144074 Calculated, %: C 44.26; H 6.16.

The results of the testing in the problem camereated that under the influence of CD-SA the intlicaof
cognitive sphere mainly changes (fig.2).
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Fig.2. Cognitive component (in %) under the influee of CD-SA and preparations of comparison (SA aniflexidol)

During the first day it increased in 1.8 times (38), during the third day — in 1.7 times (p<0.05demonstrates
the evident nootropic proved by the identical dyisnin the preparations of comparison (SA and Mef)idn the

group with SA the similar effect was observed, ibutas less significant. In the group, which gotxXiéi®l, known

by its evident secondary nootropic qualities, th€ (crease was the highest, but at the same timea#

significantly above the measures in the group v@b-SA. The last one proves the high-potency of new

clathrate.

During the first day it increased in 1.8 times (38), during the third day — in 1.7 times (p<0.05demonstrates
the evident nootropic proved by the identical dyisnin the preparations of comparison (SA and Mefidn the

group with SA the similar effect was observed, ibutas less significant. In the group, which gotxitiel, known

by its evident secondary nootropic qualities, th€ ®crease was the highest, but at the same timeag

significantly above the measures in the group v@-SA. The last one proves the high-potency of pew

clathrate.

By the qualitative characteristics of the erroneactions in the whole one can judge about the tivgnprocess in
the conditions of the highly frustrating situatiorherefore we additionally carried out the analyfishe strategy
(vector) of the error paces.

Analyzing the vector of the error paces just asriuthe first day so during the third day of thetieg under the
influence of CD-SA, the significant changes werearkied (fig.3).

Vector error paces (3 day) Vector error paces (1 day)
Ne 1 Ne 1
50% 80%
40% 60%
30%
Ne 6 Ne 2 o
0% Ne 6 20% Ne 2
10% 20%
0 0
Ne 5 Ne 3 Ne 5 Ne 3

Fig.3. Graphic picture of the error paces in the cotrol and experimental groups under the influence 8CD-SA (blue color — control
group, red color — experimental group)
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Thus, for instance, during the first day of thetiteg under the influence of CD-AS, the percentafa@icection
towards the exits\e 1, 3 increased to 8 and 14% correspondingly. Aiece of the most popular exit 4
decreased from 61% (in control) to 25% (in the eixpental selection). On the third day of the tegtithe error
frequency to the most preferable eXit4 decreased from 43% to 21%, and in the lessasteexits fe 1, 2, 6)
increased in 2-3 times.

There is a certain “alignment” of the directioneafor paces. It is the sign of the positive dynamit cognitive
activity, as the animals began to use widely tied¢ases. The positive quantities of CC changéseigroups under
the influence of the test substance (pic.2) argeio

In our opinion, in the experimental groups on tlekyround of the working (and dominating in contgobup)

mechanisms of the procedural memory, the declaatiemory mechanisms start to work. The last ondaraass

they are included lead to vector changing in paldiG to its one sidedness, though it's realizethatcost of error
making into other exits, including the exits earligot used. According to all the observable featune can
conclude of the positive influence of CD-AS.

Characterizing the indices of the motivational-gie¢ic sphere (ST, Sl), in animals administered GDH&re were

the insignificant dynamics of its positive shifigi#a and b).
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Fig.4. Indices of motivational-energetic sphere e§T and b) Sl in control group and under the influerte of CD-SA, SA, Mexidol

During the first day ST was down by 9.7%, during third day — by 17.9% in comparison with contq@$@.05).
During the first day SI was down by 15.2% and dgrthe third day it was down by 20.5% without thelytr
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significant difference. The largest shift to thecmse side was observed in the group with Mexadadl SA in its
pure form practically didn't influence these indice

Thus, summarizing the resulting data, it is neagssa note that the new synthesized compound CD-SA
predominantly influences the cognitive sphere & behavior and in a less degree influences thevatmnal-
energetic indices. In our previous works[10] weaeadshe similar derivative df-cyclodextrin with the para-amino-
benzoic acid and silyl group (CD-PABA-CG), thatglegsjed the opposed action and significantly chanted
motivational-energetic characteristics, practicallghout impact upon the cognitive sphere. Consatijyesuch a
various influence of these compounds reveal thiemdifit suppositions for its further practical apptie. We may
recommend CD-PABA-CG and perform pre-clinical testscerning the correction of the physical enduganc
working efficiency, speed of muscular reaction aters, CD-SA is recommended to use as the pergpect
nootropic agent.

It should be noted, that Sl decreases insigniflgamder the influence of CD-SA. It demonstrates ttegree of
“fussiness” in the realization of the behaviorat aad it serves as a good background for optinomatf the
cognitive sphere with its metabolic support. Thet ne is an important factor in the context ohgaj the positive
behavioral experience by biological species athigacthe final adaptive results with the formatiohengrams
based on personal experience.

The lower intensity of the discussed effect frore gide of SA (in comparison with CD-SA), most priolyais
concerned with the real existence if its structatsmical “loneliness”. As it was demonstrated um esearches|[8-
10, 17]and in a few works of other authors[1-7]¢clogextrin is a kind of a reliable “supporter” asdmetimes a
“defender” in the biophysical processes with thetaie drug substances and other substances. Théstasces
chemically form with cyclodextrin the clathratesdaconjugates, conducing in some cases achievenfetfiteo
therapeutic effect in lower doses.

Cyclodextrins, as naturally occurring compound ¢Bdmgerdextrins), most probably possess the eoolaty
developed high degree of the affinity to biologieavironment, for which reason they display theiowss positive
physiological effects. The cyclodextrin frame pai$ethe enclosed drug substance from biodegradatiakes for
the increase of solubility and serves its selectiedivery to the required place for the requirechei period
[8,9,15,18].

CONCLUSION

1.The compound CD-SA (clathratp-cyclodextrin with succinic acid in the ratio 2:1n the dose 10mpg
significantly changes the indices predominantlytleé cognitive sphere in the universal problem caniarthe
laboratory animals, having the nootropic impact.

2.In the raw of the drugs of comparison accordinthéodegree of impact on the cognitive sphere, tieeteCD-SA

is close to the similar effect of Mexidol.

3.CD-SA potentially activates the mechanisms of tleelalative memory in the laboratory animals in the
experiment.

The work was carried out with the financial supprfrRFBR (Russian Foundation of Basic Researctgnfgfe 16-
03-00444).
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