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The wide-ranging issue of drug use and sub-
stance addiction makes addictology a multifaceted field of
study. Accordingly, research into such issues must be
equally multifaceted and comprehensive in embracing the
bio-psycho-socio-spiritual model of addiction. Preclinical
approaches play an indispensable role in the research
methods employed in addictology. Animal model-based
experiments are common and useful tools for studying
factors that are significant in terms of the development
and maintenance of addiction, while providing valuable in-
formation needed to understand the core addic-
tion-related mechanisms. The use of animals in pre-clinical
research requires strict adherence to the ethical code, the
choice of alternative methods, where applicable, and the
refinement of the existing animal models. The present re-
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Adiktologie je velmi komplexnim oborem, jenz
zahrnuje veskerou Sirokou problematiku uzivani drog a za-
vislosti na navykovych latkach. Proto i vyzkum této prob-
lematiky musi byt komplexni a mnohourovinovy, s akcep-
taci stale aktualniho bio-psycho-socio-spiritualniho mode-
lu zavislosti. V ramci vyzkumnych metod uzivanych
v adiktologii hraji preklinické pfistupy nezastupitelnou
roli. Experimenty na zvifecich modelech jsou vyhodné a si-
roce uzivané ke studiu faktorti vyznamnych pro rozvoj
a udrzovani zavislosti a poskytuji cenné informace nutné
k porozuméni klicovym mechanizmim v problematice za-
vislosti. Nezbytnou soucasti uzivani zvirat v preklinickém
vyzkumu je prisna akceptace etického kodexu, eventualni
volby alternativnich metod, zdokonalovani jiz existujicich
zvitecich modeld atp. V tomto prehledovém élanku jsou
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view summarises selected methods commonly used in
pre-clinical addiction research. In addition to general basic
behavioural methods, specific models of addiction are pre-
sented. Animal models of addiction are utilised in research
into the addictive potential of drugs and in testing new
pharmaceuticals to be used to treat addiction. They also
provide a framework for psychological therapeutic or pre-
ventive tools intended to promote coping strategies in cli-
ents with a chemical dependency.

KEY WORDS: PRE-CLINICAL RESEARCH - BEHAVIOUR METHODS -
ANIMAL MODELS OF ADDICTION - DRUG-CONDITIONED PLACE
PREFERENCE - DRUG “SELF-ADMINISTRATION” METHOD - DRUG
DISCRIMINATION — MICRODIALYSIS

® 1 INTRODUCTION

Recently the problem of addiction has been perceived (not
only by addictology) in terms of the bio-psycho-social model,
which is sometimes extended to include the spiritual di-
mension (Kudrle, 2008). This is also one of the reasons why
in the Czech Republic the discipline of addictology has been
defined as a standalone transdisciplinary field of study to
integrate all these perspectives into a single domain. Ac-
cordingly, addictological research is very comprehensive
and multifaceted in its nature.

The progressive development of neurosciences, in-
tensive research making use of specific experimental
(mostly animal) models and methods, the use of highly
sensitive brain imaging techniques (in humans too),
neurochemical methods (in vivo microdialysis in the
CNS), molecular biology, and genetics have yielded an
extensive body of important evidence. Research into ad-
dictive behaviours (including overeating and pathologi-
cal gambling) has received much attention in developed
countries. A thorough understanding of the mechanisms
that are responsible for the effects of drugs and the de-
velopment of addiction is vital for the effective preven-
tion and treatment of addiction. Using the powerful re-
sources of modern neurosciences, addiction science
should seek to understand the genetic/epigenetic, cellu-
lar, and molecular mechanisms that mediate the transi-
tion/change from occasional controlled drug use to drug
dependence, i.e. the loss of behavioural control over
drug-seeking and drug-taking, and to chronic relapse
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shrnuty vybrané, ¢asto uzivané metody preklinického vy-
zkumu v oboru adiktologie. Jsou zde uvedeny obecné za-
kladni behavioralni metody a predevsim pak specifické
modely zavislosti. Animalni modely zavislosti se uplatiuji
ve vyzkumu navykového potencialu drog, pfi testovani no-
vych léciv v terapii zavislosti a zaroven také poskytuji pod-
klad pro psychologické terapeutické ¢i preventivni pros-
tredky ke zlepSeni zvladani zatéZzovych situaci u pacient
zavislych na navykovych latkach.

KLICOVA SLOVA: PREKLINICKY VYZKUM — BEHAVIORALNI METODY —
ANIMALNI MODELY ZAVISLOSTI - DROGOU PODMINENA PREFERENCE
MISTA - METODA ,AUTOAPLIKACE” DROGY - ROZPOZNAVANI DROGY
- MIKRODIALYZA

@ 1 UVOoD
V poslednich letech (nejen v adiktologii) se na problém za-

sz

vislosti nahliZi jako na bio-psycho-socidlni model, ktery by-
va nékdy rozsiten o rovinu spiritudlni (Kudrle, 2008). I pro-
to je obor adiktologie v CR definovan jako samostatny
transdisciplindrni védecky obor, ktery spojuje vSechna tato
hlediska do jednotné sféry. Proto také ma vyzkum v adikto-
logii velmi komplexni a vicetroviiovy charakter.

Progresivni rozvoj neurovéd, intenzivni vyzkum s vy-
uzitim specifickych experimentdlnich (predevsim animal-
nich) modelt a metod, uziti vysoce citlivych zobrazovacich
technik mozku (i u lidi), metod neurochemickych (mikrodia-
Iyza CNS in vivo), molekularni biologie, genetiky atp., byly
a jsou stalym zdrojem velkého mnozstvi zasadnich poznat-
ku. Ve vyspélych zemich se vyzkumu zavislostniho chovani
(jez zahrnuje i prejidani, patologické hraéstvi atp.) dlouho-
dobé vénuje znacéna pozornost. Co nejdikladnéjsi poznani
mechanizmu Géinkd drog i mechanizmu zavislostnich je ne-
zbytnym zdkladem pro iéinnou prevenci i terapii v adikto-
logii. Sou¢asnym ukolem adiktologického vyzkumu v ramci
neurovéd je predevs§im porozumét genetickym/epigenetic-
kym, bunéénym a molekuldarnim mechanizmtm, jez zpros-
tredkovavaji prechod/zménu z ob¢asného, kontrolovaného
uzivani drogy na drogovou zavislost, tedy ztratu behavio-
ralni kontroly nad vyhleddavanim a prijmem drogy a nad
chronickymi relapsy po treba i velmi dlouhodobé dobé absti-
nence (Koob and Volkow, 2010).

V ramci vyzkumu problematiky naduzivani latek (psy-
chotropnich, omamnych atp.) a zévislostniho chovani (véet-
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even after a very long period of abstinence (Koob and
Volkow, 2010).

The scientific enquiry into the abuse of (psychotropic,
narcotic, etc.) substances and addictive behaviour involves
practically all levels of research, i.e. pre-clinical and clinical
research featuring a wide range of investigational ap-
proaches, from preparatory phases taking place separately
from the organism (e.g. syntheses of substances, including
potential medicinal agents), binding studies (the testing of
substances in terms of their abilities to influence binding
sites/receptors) etc., the (sub-)molecular level (in vitro) and
research into tissues/tissue cultures and entire organs (in
situ methods) to methods involving the entire organism (in
vivo) (in organisms that are either alert and unrestrained
or anaesthetised) (Tables 1-6).

State-of-the-art research at all levels has been using
cutting-edge instrumentation and automated testing, spe-
cifically computerised data collection and evaluation, which
helps in standardising and objectivising the research tech-
niques (making them more independent of the re-
searcher=investigator). In addition, the correct statistical
assessment of data (including the choice of statistical
method and the size of the samples under comparison) is
crucial for any research.

This review article deals only with selected methods of
pre-clinical experimental addiction research. Animal test-
ing plays a significant role in the understanding of both the
biological and environmental factors which are involved in
the development of substance addiction. Animal experi-
mentation makes it possible to create specific conditions
and model situations where changes can be looked for with
respect to selected elements only, which is hardly feasible in
human studies. Recent addiction research has used a num-
ber of specific experimental animal models of drug addic-
tion designed to examine various stages of the addiction
process (including the initiation of substance use, recre-
ational use, the loss of control over usage, drug withdrawal
syndrome, and relapse) and factors which affect liability to
the development of addiction.

Research into substance addiction is concerned with
the individual stages (and their mutual correlates) of a com-
posite addiction cycle, consisting of three basic reiterating
and interacting components — a) binge/intoxication, b) with-
drawal/negative affect, and c) preoccupation/anticipation
(craving). As previously stated, major progress in our un-
derstanding of drug addiction mechanisms has been
achieved by trials performed on animal models of chemical
dependency (in mice, rats, primates, etc). While no animal
model can fully capture the human condition in all its as-
pects, they can be used to study specific elements of the pro-
cess of drug addiction. Such elements can be defined as ani-
mal models of different stages of the addiction cycle — for ex-
ample, a) binge/intoxication (drug self-administration

né zavislosti na navykovych latkach) se vyuzivaji prakticky
veskeré vyzkumné roviny: tedy vyzkum predklinicky/prek-
linicky a klinicky v Sirokém spektru rovin pristupa/vyzku-
mu: od pripravnych fazi mimo organizmus (napt. syntézy
latek vcetné potencidlnich 1é¢iv) a ddle napr. vazebnych
studii (testovani schopnosti latek ovliviiovat vazebna mis-
ta/receptory) atp., od (sub)molekularni drovné (in vitro)
pres vyzkum v roviné tkdani/tkanovych kultur a celych orga-
nt (in situ metody) k metodam provadénym na celém orga-
nismu (in vivo) (v bdélém stavu u volné se pohybujicich or-
ganismu nebo v anestezovaném stavu) (tabulka 1-6).

Soucasny vyzkum stéle vice a na v8ech drovnich vyuzi-
va ruzné, ¢asto Spi¢kové pristrojové vybaveni a automatiza-
ci testovani resp. poéitacovy sbér a vyhodnocovani dat, coz
vyzkumné techniky standardizuje a navic je objektivizuje
(¢ini je vice nezavislymi na vyzkumnikovi/pozorovateli) atp.
Velice vyznamnou dlohu ve veskerém vyzkumu ma spravné
statistické zhodnoceni dat (volba statistické metody, veli-
kost porovnavanych soubora atp.).

Tento prehledovy ¢lanek se vénuje pouze vybranym
metodam preklinického experimentalniho vyzkumu v adik-
tologii. Pokusy na zviratech maji podstatnou roli pro pocho-
peni jak biologickych faktort, tak faktord prostredi, které
se podileji na rozvoji zavislosti na navykovych latkach. Ex-
periment na zvireti totiz umoznuje vytvoreni specifickych
podminek a modelovych situaci, kdy mazeme studovat zmé-
ny pouze u vybranych prvkua. To je v pripadé humédnnich
studii jen tézko proveditelné. V posledni dobé je v adiktolo-
gickém vyzkumu vyuzivana rada specifickych experimen-
talnich modelta drogovych zavislosti na zvifatech, zamére-
nych na vyzkum raznych fazi procesu zavislosti (zahajeni

Table 1/ Tabulka 1
Pre-clinical and clinical research
Preklinicky a klinicky vyzkum

Pre-clinical Research conducted outside the human organism,
research mostly on animals, on various levels — see below
Clinical Research conducted on humans, on various levels
research again, involving:

epidemiological methods,
social (questionnaire) methods,
psychological methods,

qualitative methods (methods based on the
grounded theory approach),

narrative methods,

case studies,

molecular methods (biological sampling),
highly sensitive imaging techniques,
clinical trials of medicinal products,

genetic studies, combinations of approaches,

etc.
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Table 2 / Tabulka 2 Table 5 / Tabulka 5
Addiction research methodologies — general categorisation — by level of Special models of addiction
enquiry Specialni modely zavislosti
Mozné zékladni rozdéleni vyzkumnych metodik v adiktologii — podle
zkoumané drovné 1 Drug-conditioned place preference test
2 Drug self-administration test

(sub-)molecular Methods at the Methods at the

methods: level of a tissue level of the entire 3 Drug discrimination test

binding studies, culture, or the organism/animal — 4 Electrical self-stimulation of CNS structures test

entire organ —

biological tissue “in vivo” (subjects

sampling, blood “in situ”, etc. either
sampling, anaesthetised or
collection of unrestrained)

samples of cerebral (see Table 3) Table 6 / Tabulka 6

Effects of well-known drugs of abuse in selected experimental models of
drug addiction (M. Sustkové, according to Koob 2009, Koob and Volkow
2010 and others)

Uginek znamych zneuZivanych drog ve vybranych experimentalnich

and other
structures/tissues
and their
subsequent

analysis, etc.

modelech drogové zavislosti (M. Sustkova podle Koob, 2009, Koob et
Volkow, 2010 a dalsich)

Table 3 / Tabulka 3

. i . 3 L Experimental Substances with Substances the
In vivo methods at the entire animal level used in addiction research . o . .
. — ~ i . . model a “reinforcing” effect reinforcing

Metody na drovni celého zvitete —,,in vivo” uZivané v adiktologii

effect of which

was not proved

1 Behavioural methods — (see Table 4)
Self-administ Psychostimulants Hallucinogens
2 Electrophysiological methods — EEG . . .
ration test (amphetamine, cocaine),
Highly sensitive imaging techniques opiates (morphine, heroin),
etc. dissociative anaesthetics
(PCP), barbiturates,
3 Combined Neurobiological methods - e.g. in benzodiazepines, ethyl
methods vivo brain microdialysis (behavioural

alcohol, nicotine, solvents,

+ molecular method), etc. cannabis (the effect was not

Neurophysiological methods — confirmed beyond
scanning of electrical activities in the reasonable doubt)
CNS structures (behavioural + Drug-conditi Psychostimulants Dissociative
electrophysiological methods), etc. oned place (amphetamine, cocaine), anaesthetics
4 Special models of addiction — (see Table 5) preference opiates (morphine, heroin), (PCP) (induce
test benzodiazepines, ethyl aversion to
5 and others . > . v »
alcohol, nicotine, solvents, a drug-condition
barbiturates (in a specific ed place)
test arrangement)
Table 4 / Tabulka 4 Discriminativ The test shows that
The most common behavioural methods used in addiction research e-cue effect practically all currently
NejuZivanéjsi behaviordlni metody uzivané v adiktologii test well-known drugs can be
distinguished by an animal
1 Testing of Basic motor skills, general locomotor from other substances
motor activity, exploratory activities in an
activities activity cage — “open field”, etc.
2 Testing of Anxiety — “elevated plus-maze”
emotionality Aversive ultrasonic vocalisation test,
etc.
Social behaviour — social interaction
method;
social defeat method (“intruder-resident
test”), etc.
8 Testing of Various types of maze, Morris water
memory maze, etc.
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methods; drug-conditioned place preference-based testing;
brain stimulation and reward thresholds-based testing),
b) withdrawal/negative affect (anxiety testing; conditioned
place/taste aversion; testing of elevated reward thresholds;
the method of increased motivation for self-administration
in dependent animals), ¢) craving/anticipation (the method
based on drug-, cue-, or stress-induced reinstatement of
drug-seeking behaviour) (Koob and Volkow 2010; Koob
2009; Koob et al. 2009; Sustkova 2014). The models use be-
havioural, neurochemical (e.g. microdialysis), molecular
and genetic/epigenetic techniques and various combina-
tions thereof.

Animal experiments are often brought up as an ethical
issue. In “The Principles of Humane Experimental Tech-
nique”, W. M. S. Russell and R. L. Rurch introduced the
“Three Rs” (Replacement, Reduction, Refinement) tenet,
which is currently considered the core principle of the re-
sponsible and reasonable use of animals in experiments.
The 3 Rs principle is sometimes extended to include
a fourth “R” (Responsibility). “Replacement” means that
test animals must be replaced by non-animal alternatives,
such as in vitro methods (involving cellular and organ cul-
tures), whenever possible. “Reduction” refers to the smaller
number of test animals which can be achieved by applying
sensible testing designs, selecting suitable kinds of ani-
mals, using biomodels and appropriate statistical proce-
dures, and by sharing animals used for research. As in hu-
man studies, each study involving animals must be based
on statistical rules which determine the minimum size of
experimental groups for the study results, or statistical sig-
nificance levels, to have sufficient validity. “Refinement”
implies that animals should be treated considerately
throughout their participation in research. “Responsibility”
refers to responsible attitudes to animals (Vaculin, 2000).

Besides the above-mentioned ethical principles, exper-
imental research is governed by a number of additional gen-
eral rules of major importance. Both experiments on ani-
mals and their husbandry when the experiments are not
under way must take place in an accredited standard set-
ting (an accredited menagerie and test rooms for experi-
ments on the whole animal) and under standard conditions
as defined by the law (in the Czech Republic Act No.
246/1992 Coll. on the protection of animals against cruelty
is the relevant legal regulation in this respect). These in-
clude a standard room temperature and humidity, suffi-
cient soundproofing, and the observance of a lighting re-
gime (mostly set at 12-hour cycles). The persons who come
into contact with laboratory animals (both attendants and
researchers) must be properly qualified and trained for
work with laboratory animals (staff accreditation). Fur-
thermore, each experimental study must feature a control
animal group (this also applies to molecular and other types
of both pre-clinical and clinical research). In comparison to

uzivani navykové latky, rekreaéni uzivani, ztrata kontroly
nad uzivanim, syndrom odnéti drogy, recidiva atp.) a dale
na faktory, které ovliviiuji nachylnost k rozvoji zavislosti.

Vyzkum zévislosti na ndvykovych latkach zkouma jed-
notlivé faze (a jejich vzajemné souvislosti) sloZeného cyklu
z4avislosti, ktery sestava ze t¥i zakladnich komponent, jez se
opakuji a navzajem interaguji — a) aplikace/zaplaveni orga-
nismu drogou (,,binge®, prijem drogy do prebytku), b) odnéti
drogy/megativni dopad (,withdrawal®), ¢) zabyvani se dro-
gou/o¢ekavani/,craving® (,preocupation/occipitation). Jak
uZ bylo uvedeno, pokroku v porozuméni mechanismu DZ
vyrazné prispivaji vyzkumné experimenty na zvirecich mo-
delech DZ (u my$i, potkant, primétt atp.). Zadny zvifeci
model nemuze uplné a komplexné postihnout lidské pod-
minky, zato v§ak naopak lze studovat jednotlivé prvky pro-
cesu DZ. Takové prvky mohou byt definovany jako animéalni
modely raznych stadii zdvislostniho cyklu — napr. a) kompo-
nenty aplikace/intoxikace (metody autoaplikace drogy; test
drogou podminéné preference mista; testy mozkové stimu-
lace a prahové odmény), b) odnéti drogy/negativni priznaky
(testovani anxiety; podminénda averze k mistu/chuti; testo-
vani zvySeného prahu odmény; metoda zvySené motivace
pro autoaplikaci u zavislych zvirat), c¢) craving/ofekavani
(metody drogou, jinou latkou nebo stresem vyvolaného né-
vratu k droze — obnova prijmu drogy atp.) (Koob et Volkow,
2010; Koob, 2009; Koob et al., 2009; Sustkova, 2014). V mo-
delech jsou vyuzivany behaviordlni, neurochemické (napr.
mikrodialyza), molekuldrni i genetické/epigenetické techni-
ky a jejich kombinace.

Z etického hlediska jsou experimenty na zviratech vel-
mi éasto diskutovanym problémem. V roce 1959 formulova-
1li W. M. S. Russel a R. L. Rurch ve své knize ,,The Principles
of humane experimental technique® koncepci tri ,R“ (reduc-
tion, replacement, refinement), kter4 je v souéasné dobé po-
vazovana za hlavni zdsadu odpovédného a rozumného uziti
zvirat v pokusech. Nékdy se k zdsadé 3 ,R“ pridava jesté
étvrté ,R“ (responsibility). ,Replacement” znamena4, Ze po-
kud je to mozné, je bezpodmineéné nutné pokusné zvire na-
hradit vyuzitim jinych metodik, napt. in vitro (bunécéné
a organové kultury). ,Reduction” je sniZeni poétu pokus-
nych zvirat, kterého je mozno dosdhnout rozumnym projek-
tovanim pokusu, vybérem vhodnych druht zvirat, uzitim
biomodeld, adekvatnich statistickych postupt a sdilenim
pouzivanych pokusnych zvirat. Kazda studie na zviratech
(stejné jako u huméannich studii) musi vychazet ze statistic-
kych pravidel, jez uréi minimalni velikost experimentalnich
skupin tak, aby vysledky studie resp. dosazené statistické
vyznamnosti byly dostateéné validni. ,Refinement® oznadu-
je Setrné zachazeni se zviretem po celou dobu jeho tcasti ve
vyzkumu. ,Responsibility“ znamena zodpovédny pristup ke
zvitatim (Vaculin, 2000).

Experimentalni vyzkum se vedle vySe zminénych etic-
kych principt ridi radou dalsich dalezitych obecnych pravi-

PUSHKINA, N., SUSTKOVA-FISEROVA, M.
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Figure 1/ Obrézek 1 Figure 2 / Obréazek 2
Breeding of laboratory animals / Chov zvifat Open Field Test / Test Open Field

Figure 3 / Obrazek 3 Figure 4 / Obréazek 4
Elevated plus-maze / Viyvysené bludisté tvaru plus Intravenous self-administration / /ntravendzni autoaplikace

Figure 5 / Obréazek 5 Figure 6 / Obréazek 6
In vivo microdialysis / In vivo mikrodialyza In vivo microdialysis / In vivo mikrodialyza
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the “standard” reference group (where a well-established
agent, a “standard”, is applied instead of a new substance
under investigation), “control” experimental subjects are
exposed to testing conditions and procedures which are to-
tally identical to those applied to “investigational” subjects,
but a “placebo/vehicle” is administered instead of a study
agent. (Fig. 1.)

The next part of the article provides a general descrip-
tion of selected common methods and specific models of ad-
diction used in pre-clinical experimental addiction research
(see the division of methods in the Tables 1-6).

® 2 BEHAVIOURAL METHODS

Behavioural methods refer to a largely diversified set of ex-
perimental methods (applied to the whole animal) aimed at
observing the behaviour of a subject in various model situa-
tions. As “drug”-type substances always influence individ-
ual behaviour, behavioural methods are widely used in
addictological research. These methods are based on the
principles of ethology. Ethology is a field of study concerned
with the investigation of animal behaviour. Behaviour is
a body of spontaneous actions performed by animals (e.g.
the exploratory activities of rodents in unknown environ-
ments) in response to changes in their environment, as well
as internal changes (such as pain). The methods use the
knowledge of the spontaneous behaviour/responses of spe-
cific animal species (mostly small animals, rodents, etc.)
under certain conditions. Behavioural experiments are
very often conducted in reversed daily rhythm, as mice or
rats, for example, show their greatest activity at night.
The basic types of behaviour employed in addiction re-
search include animals’ spontaneous activities (the testing
of motor and exploratory actions), emotionality (e.g. fear
and anxiety and social behaviour and interaction), learn-
ing, and memory.

® 2 / 1 Testing of spontaneous activities
in animals
The easiest way to test spontaneous animal behaviour, i.e.
mostly natural exploratory activities in new environments,
is to observe the subject “in the open field”. (Fig. 2.) This
method was first described by two American psychology
professors, Calvin Hall and Egerton Ballachey, as early as
1932 (Barclay and Gibson, 1982; Hall and Ballachey, 1932)
In this test, an animal (usually a small rodent) is
placed in a novel environment, generally a square arena of
adequate size, located in a quiet setting (preferably an iso-
lated room). The behaviour of the animal in the arena is
usually monitored (i) by a video camera positioned above
the arena and connected to an authorised computer system
(such as EthoVision by Noldus) or (ii) the movement of the
animal is monitored automatically by means of a system of
photocells installed in two parallel planes in the walls of the

del. Experimenty i chov zvirat v dobé mimo pokusy musi
probihat v akreditovaném standardnim prostredi (akredi-
tovany zvérinec a pokusné mistnosti pro experimenty na ce-
1ém zvireti) za standardnich podminek, jez jsou definovany
zdkonem (v CR je v sou¢asné dobé platny Zakon &. 246/1992
Sb. na ochranu zvitrat proti tyrani). Jedna se napr. o stan-
dardni teplotu a vlhkost v mistnosti, dostatecnou zvukovou
izolaci, dodrzovani svételného rezimu (vétSinou nastavené-
ho na 12hod. cykly) atp. Osoby, které prichdzeji do styku
s laboratornimi zviraty (oSetfovatelé i vyzkumni pracovni-
ci), musi mit odpovidajici kvalifikaci a absolvovat proskole-
ni pro préaci s pokusnymi zviraty (akreditace pracovnikd).
Dale, kazda experimentalni studie musi mit vzdy tzv. kon-
trolni srovnavaci skupinu zvirat (coz plati i v pripadé mole-
kularnich a jinych rovin preklinického a nékdy i klinického
vyzkumu). Na rozdil od ,standardni“ srovnévaci skupiny
(kde je napt. misto nové testované latky aplikovana jiz dob-
Te znama latka, tzv. ,standard®), ,kontrolni“ experiment4l-
ni jedinci prochazeji naprosto stejnymi pokusnymi podmin-
kami i procedurami jako ,testovani“jedinci, ale misto testo-
vané latky je aplikovano ,placebo“/vehikulum. (Obr. 1.)

V nésledujicim textu ¢lanku bude uveden zakladni po-
pis vybranych, ¢asto uzivanych metod a specifickych mode-
14 zavislosti uzivanych v preklinickém experimentalnim
adiktolologickém vyzkumu (viz rozdéleni metod v tabul-
kdach 1-6).

® 2 BEHAVIORALNI METODY

Pod pojmem behaviordlni metody rozumime celou rtznoro-
dou skupinu experimentélnich metod (na celém zviteti), jez
sleduji zmény chovani jedince v rtiznych modelovych situa-
cich. Latky typu ,drog“ vzdy ovliviiuji chovani jedince,
a proto jsou behavioralni metody v adiktologickém vyzku-
mu S§iroce vyuzivany. Tyto metody jsou tedy zaloZeny na
principech etologie. Etologie je védni obor zabyvajici se stu-
diem chovani Zivo¢icht. Chovéani je souhrn reakei, kterym
se zivocich (zde zvire) spontdnné projevuje (patraci aktivita
v novém prostredi u hlodavca atp.) a kterym reaguje na
zmény prostredi, eventudlné i na vnitini zmény (bolest
atp.). Metody vyuzivaji znalosti spontanniho chovani/reakei
daného zviteciho druhu (vétSinou mala zvirata, hlodavci)
v uréitych podminkach. Velmi éasto probihaji behavioralni
experimenty v prevraceném dennim/no¢nim rytmu, protoze
napt. mysi nebo potkani vykazuji nejvétsi aktivitu v noci.
Mezi zakladni typy chovani pouzivané ve vyzkumu v adik-
tologii patfi spontanni aktivita zvirete (testovani motoriky
a exploraéni aktivity), emocionalita (strach a uzkost, socidl-
ni chovani a interakce), uéeni a pamét.

® 2 / 1 Testovani spontanni aktivity zvirat

Spontanni aktivita zvirat, tedy nejéastéji prirozena explo-
racni/patraci aktivita v novém prostredi, se nejjednoduseji
testuje sledovanim pohybu zvirete v tzv. ,otevireném poli“
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arena, which makes it possible to track the horizontal and
vertical activities and the movement trajectories.

This automated record of the activity of the animal in
the arena can also be complemented by the behavioural pa-
rameters (e.g. grooming, shaking, sniffing, licking, stereo-
typical subtle movements, etc.) being watched by an inde-
pendent observer (Curzon et al., 2008).

The locomotor activities under observation may be in-
fluenced by the administration/effect of psychoactive sub-
stances. Stimulants (cocaine, amphetamines, etc.), for ex-
ample, tend to increase the overall motor activities at lower
doses, while at higher doses they cause the activity of the
animal to decrease and give way to repetitive behaviour
(such as typical head movements). Sedatives tend to reduce
animal activity (Schramm-Sapyta et al., 2009; Curzon et
al., 2008).

To a certain degree, the “open field” may be used to as-
sess the level of anxiety in the animal. Elevated anxiety is
manifested by reduced exploratory activity, thigmotaxis
(the animal spending less time in the centre of the arena),
and freezing (the time the animal spends motionless). The
frequency of defecation is sometimes also considered a mea-
sure of fear (Curzon et al., 2008).

The assessment of the locomotor activities of animals
must take into account a number of other influences and
factors, including motivation (hungry animals tend to show
increased motor activity), age (activity decreases with older
age), and general health, which can be compensated for by
using an adequate control group (Curzon et al., 2008).

® 2 / 2 Testing of Emotionality

Models for testing emotionality in animals have their inevi-
table limitations, which are determined by the natural con-
straints of the communication of emotions on the part of an-
imals. A researcher can thus only derive animal emotions
from typical signs/elements of their behaviour.

2/2/1 Testing of anxiety and fear

Anxiety and fear are among the easiest emotions to test.
A number of experimental methods can be used for this pur-
pose. An elevated plus-maze is a simple method for anxi-
ety testing. (Fig. 3.)

Elaborating on the original Y-shaped maze designed
by K. C. Montgomery (1955), an elevated plus-maze to test
rats was first used by Pellow at al. in 1985 in London as
a novel and simple method for the selective identification of
the anxiolytic and anxiogenic effects of drugs (Pellow et al.,
1985; Montgomery, 1955).

An elevated maze makes use of the innate exploratory
activities of rodents and their preference for dark, closed
spaces and natural avoidance of open and elevated areas
(Becker, 2000). Positioned 40-70 cm above the floor, the
plus-maze features two closed (from the sides) and two open
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(,open field“) (Obr. 2). Metoda byla poprvé popsana dvéma
americkymi profesory psychologie Calvinem Hallem
a Egertonem Ballacheyem jiz v roce 1932 (Barclay et Gib-
son, 1982; Hall et Ballachey, 1932).

Zvite (nejéastéji maly hlodavec) je v testu umisténo do
neznamého prostredi, nejéastéji étvercové arény primérené
velikosti, umisténé v tichém prostredi (nejlépe v oddélené
mistnosti). Chovani zvirete v aréné je monitorovano vétsi-
nou (i) pomoci videokamery umisténé nad arénou a napoje-
né na autorizovany pocitacovy systém (napt. systém ,Etho-
vision“, Noldus) nebo (ii) je pohyb zvitete automaticky mo-
nitorovan pomoci systému fotobunék umisténych ve dvou
rovnobéznych rovinach ve sténach arény, takZze umoznuje
sledovat horizontalni a vertikdlni aktivitu i prabéh drahy
pohybu.

Automaticky zdznam aktivity zvirete v aréné lze jes-
té doplnit monitorovanim jednotlivych prvka chovani
(grooming, tres, ¢enichdni, olizovani, stereotypické jem-
néjsi pohyby atp.) nezéavislym pozorovatelem (Curzon et
al., 2008).

Sledovana pohybova aktivita muze byt ovliviiovdana
aplikaci/té¢inkem psychoaktivnich latek. Napriklad stimu-
lancia (kokain, amfetaminy) maji tendenci celkovou pohy-
bovou aktivitu zvySovat pri nizkych ddavkach, naopak pri
vysokych davkach aktivitu zvitete tlumi a prevazuji stereo-
typické projevy (typické pohyby hlavou atp.). Sedativa akti-
vitu zvirat tlumi atp. (Schramm-Sapyta et al., 2009; Curzon
et al., 2008).

Pomoci ,open field“ 1ze do urc¢ité miry hodnotit i hladi-
nu uzkosti zvitete. ZvySend tzkost se projevuje snizenim
exploraéni aktivity, tigmotaxi (zvire je méné casto ve stredu
arény), freezingem (doba, po kterou se zvire nehybe). Nékdy
se hodnotii frekvence defekaci jako miry strachu (Curzon et
al., 2008).

P1i hodnoceni pohybové aktivity zvirat je nutno brat
v tvahu rfadu dal$ich vliva a faktord, napt. motivaci (hlado-
va zvirata maji vyssi pohybovou aktivitu), vék (s vékem zvi-
rete klesa pohybova aktivita), celkovy zdravotni stav zvire-
te, coz vykompenzujeme uzitim odpovidajici kontrolni sku-
piny (Curzon et al., 2008).

® 2 / 2 Testovani emocionality

Modely, jez testuji emocionalitu u zvirat, maji své limity,
protoze sdélnost pocita u zvirat je pro vyzkumného pracov-
nika omezen4, takze emoce zvirete odhadujeme z uréitych
typickych projeva/prvka v chovani.

2/2/1 Testovani uzkosti a strachu

Jednémi z nejsndze testovatelnych emoci jsou uzkost
a strach. MazZeme vyuzit radu experimentalnich metod. Vy-
vysené krizové bludisté tvaru plus (,elevated plus
maze*) patii mezi nejjednodussi zpusoby testovani uzkos-
ti. (Obr. 3.)
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arms. An animal (a rat or mouse) is placed in the centre
where the arms intersect and allowed to move freely around
the maze for some time (generally 5-10 minutes) while be-
ing tracked by a video camera installed above the maze. The
(i) number of entries into the open and closed arms and the
(ii) total time spent in each of the arms are recorded. Other
elements of behaviour, such as grooming, rearing, and
stretching, can also be looked for. A tendency to stay in the
open arms suggests a low level of anxiety (Walf and Frye,
2007).

It was found, for example, that acute alcohol intoxica-
tion prolongs the time spent by the animal in the open arms
of the maze, while alcohol withdrawal elicits anxiety mani-
fested by the rodents avoiding open illuminated spaces
(Becker, 2000). The administration of benzodiazepines and
other anxiolytic medication significantly increases the time
spent in the open arms, without affecting locomotion
(Bailey and Crawley, 2008).

Another way of modelling anxiety is by monitoring
aversive ultrasonic vocalisation (generally in rats).
Mutual communication among rats takes place by means of
ultrasonic vocalisations (sounds at a frequency over
20 kHz) which are beyond the hearing capacity of the hu-
man ear. Rats emit these sounds at three different basic fre-
quencies, depending on their age, affective state, and envi-
ronmental conditions (Portfors, 2007). Rat pups emit 40-kHz
vocalisations when they are separated from their mothers.
Short high-pitched sounds (50 kHz) are emitted by rats un-
der non-aversive conditions (e.g. during juvenile play, in re-
lation to sexual behaviour, when overcoming others in
a fight, and in response to tactile stimulation by a person
they know). 50-kHz vocalisation is thus an indication of pos-
itive affect in the animal. On the contrary, sounds at a fre-
quency of 22 kHz are emitted by rats under conditions per-
ceived by them as unpleasant or even aversive (e.g. expo-
sure to stress, the presence of predators, being overcome in
a fight, tactile stimulation by a person they do not know).
This sonic frequency is also used to warn other animals
against potential threats and to inhibit the aggressive be-
haviour of other rats (Portfors, 2007). The vocalisation of
this frequency therefore signals a negative affective state in
the animal and functions as an indicator when fear and
anxiety in rats are being tested. The communication is mon-
itored by automated sound recording using equipment such
as that provided by Med Associates.

Recent studies have found that the administration or
self-administration of methamphetamine (Mahler, 2013),
MDMA (Sarabanda et al., 2012), and cocaine (Maier et al.,
2012) is associated with 50-kHz vocalisations in rats. On
the other hand, heroin and alcohol withdrawal states are
associated with 22-kHz sound frequencies (Williams et al.,
2012).

Vyvysené krizové bludisté, novou jednoduchou metodu
pro selektivni identifikaci anxiolytickych a anxiogennich
ucinku léku uzili poprvé u potkant Sharon Pellow et al.
v roce 1985 v Londyné, inovovali pivodné Y-tvarované blu-
disté K. C. Montgomeryho (z roku 1955) (Pellow et al., 1985;
Montgomery, 1955).

VyvysSené bludisté vyuzivad vrozené patraci aktivity
hlodaven, jejich preference tmavych, uzavienych prostor
a prirozené vyhybani se otevienému vyvySenému prostredi
(Becker, 2000). Bludisté ve tvaru plus mé4 dvé protilehla ra-
mena krytd (z bokd uzaviend) a dvé oteviend a je vyvyseno
(40-70 cm nad podlahou). Zvite (potkan nebo mys$) je umis-
téno do stredu oblasti krizeni ramen bludisté a po uréitou
dobu (vétsinou 5-10 min) je pomoci videokamery umisténé
nad bludistém sledovan jeho volny pohyb v bludisti a je mo-
nitorovéan (i) pocet vstupu do otevrenych a uzavrenych ra-
men a (ii) celkovy ¢as straveny v kazdém typu ramen. Kro-
mé toho lze hodnotit dalsi prvky chovani jako grooming, pa-
nackovani, stretching (protazeni se) atp. Prevaha pobytu
v oblasti otevienych ramen je znamkou nizké hladiny anxi-
ety (strachu a uzkosti) (Walf et Frye, 2007).

Bylo napr. popsano, Ze akutni intoxikace alkoholem
prodluzuje pobyt zvirete v otevienych ramenech bludisté,
naopak odvykaci stav po alkoholu vyvolava uzkost a hlo-
davci se vyhybaji otevienym osvétlenym prostorim (Bec-
ker, 2000). Podavani benzodiazepinu a jinych anxiolytic-
kych 1éku, jez vedou ke snizeni tzkosti, vyrazné prodluzuji
pobyt v otevienych ramenech bez ovlivnéni lokomoce (Bai-
ley et Crawley, 2008).

Dalsim modelem anxiety (strachu a tzkosti) je mo-
nitoring averzivni ultrasonické vokalizace (nejcastéji
u potkanu). Potkani komunikuji mezi sebou pomoci ultra-
zvuku (zvuk o frekvence vice nez 20 kHz), ktery lezi nad
hranici slySitelnosti lidského ucha. Potkani vydavaji tyto
zvuky ve 3 zdkladnich frekvencich v zavislosti na jejich vé-
ku, emotivité, ndladé a okolnich podminkach (Portfors,
2007). Potkani mladata vydavaji zvuky o frekvence 40 kHz
v momenté, kdy jsou izolovdna od matky. Kratce trvajici
zvuky o vysokych frekvencich (50 kHz) vydavaji potkani za
prijemnych okolnosti (nap¥. hrajici si mladata, sexudlni
chovéni, vitézstvi v bitce, taktilni stimulace znamou oso-
bou). Zvuky o frekvence 50 kHz jsou tedy pro experimenta-
tora signalem pozitivniho afektivniho stavu zvirete. Na-
opak, zvuky o frekvence 22 kHz jsou vydavany potkanem
v subjektivné neprijemnych, az averzivnich podminkach.
Patri sem expozice stresu, predator, pordzka v bitce, taktil-
ni stimulace cizi osobou. Tato zvukova frekvence se také po-
uziva k varovani ostatnich zvirat pred eventualni hrozbou,
ke zmirnéni agresivniho chovani jiného jedince (Portfors,
2007). Zvukova frekvence 22 kHz je tedy signdlem o nega-
tivnim afektivnim stavu zvirete, je indikatorem pro testo-
vani strachu a izkosti u potkani. Sledovani komunikace se
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2/ 2 /2 Testing of social behaviour/social
interaction

Social interaction models are used to observe interaction
between two or more individuals of the same species or even
multiple species. In these the observation of behavioural
changes is generally based on the monitoring/scoring of se-
lected typical elements of behaviour (postures, positions,
etc.) by an impartial observer.

Long-term isolation of individuals (including rodents)
was found to highlight certain personality traits, such as
a tendency to shyness or aggression. An example of a social
interaction method is the interaction of a subject which
has been kept isolated (singly in a cage) with a non-aggres-
sive individual (kept in a group). In an encounter with the
non-aggressive counterpart, the originally isolated subject
is likely to show either aggressive or sociable, at times even
inhibited, behaviour (these behaviours can be further influ-
enced, e.g. by pre-medication).

The “social defeat method” was first described by
a psychology professor, Klaus Miczek, in the 1970s (Miczek
and O’Donnell, 1978). The method can be used to study ag-
gression, defensive behaviour, and social defeat stress in ro-
dents. By nature, male rats (or mice) (= residents) defend
their home territory. In this test, the experimental animal
(= male intruder) is placed into the home cage of the male
resident, which aggressively defends its territory (its home
cage). As a result, the intruder is exposed to social aggres-
sion and experiences great social defeat stress, which may
repeat over several days (the chronic social defeat
stress model). To avoid severe injuries in animals during
testing, after being physically attacked by the resident for
the first time, the intruder is protected by a breathable
cover which prevents further physical attacks, but not other
manifestations of social antagonism. Repeated exposure to
social defeat stress, in particular, may trigger depressive
and anxious states (as in humans), which manifest them-
selves through anhedonia, social isolation, anxiety, ele-
ments of learnt helplessness, etc. This method is also used
to investigate the effects of stress on substance use. It was
found, for example, that animals that were repeatedly ex-
posed to social defeat stress showed an increased intake of
cocaine (Cruz et al., 2011) and amphetamine (Burke et al.,
2013); the data on the effects of alcohol and opiates was not
conclusive in this respect (Becker et al., 2011; Cruz et al.,
2011).

® 2 / 3 Testing of memory and learning

Memory is the capacity of the organism to encode, store,
and retrieve information (including that associated with
drug use). Learning is the process of storing information in
memory. The learning process involves changes in the neu-
ral system which take the form of creating short-term and
long-term memory records.
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provadi automatickym snimanim zvuk, napr. pomoci pri-
stroje Med Associated.

V dosavadnich studiich bylo napt. zjisténo, ze aplikace
éi autoaplikace metamfetaminu (Mahler, 2013), MDMA
(Sarabanda et al., 2012) nebo kokainu (Maier et al., 2012) je
spojena s projevy s 50 kHz frekvenci u potkana. Na-
opak abstinence od heroinu nebo alkoholu je spojena
s 22kHz frekvenci (Williams et al., 2012).

2/2/2 Testovani socialniho chovani/socialni
interakce
V modelech socidlni interakce se sleduje interakce mezi
dvéma nebo vice jedinci stejného druhu nebo i raznych zivo-
¢isnych druht. Sledovani zmén chovani je zde zaloZeno vét-
§inou na monitorovani/skérovani vybranych typickych prv-
k1 chovani (postojt, pozic atp.) nezaujatym pozorovatelem.
Bylo zjisténo, Ze dlouhodoba izolace u jedince (i u hlo-
daved) zvyraziiuje uréité povahové rysy — naptr. tendenci
k plachosti ¢i tendenci k agresivité. Jednim z prikladi me-
tod socialni interakce je tedy interakce jedince chované-
ho izolované (samostatné v chovné kleci) s neagresivnim je-
dincem (chovanym skupinové). Pivodné izolovany jedinec
vykazuje pri setkdni s neagresivnim partnerem bud agre-
sivni, nebo sociabilni, vyjimeéné i plaché chovani (tyto pro-
jevy chovani lze dale ovliviiovat premedikaci latek atp.)
Metoda ,socialniho stresu“ (,social defeat*) byla
poprvé popsana profesorem psychologie Klausem Micze-
kem v sedmdesatych letech (Miczek et O° Donnel, 1978).
Metoda muze byt pouzivdna pro studium agrese, obranného
chovéni a socidlniho stresu u hlodavct. Potkani (pripadné
my$i) samci prirozené brani své domaéci teritorium (=rezi-
dent). Pri tomto testu je experimentalni zvire (=samec ,,vet-
relec”, ,intruder) umisténo do doméci klece samce reziden-
ta, ktery agresivné brani své teritorium (svou domaci klec).
Intruder je tedy vystaven socidlni agresi a proziva silny so-
cidlni stres, ktery muze byt pripadné v fadé dnt i opakovan
(model chronického socialniho stresu). Aby nedoslo
k vaznym zranénim zvirat béhem testovani, byva intruder
po prvnim fyzickém napadeni rezidentem chrdanén prodys-
nym krytem, jenz zabrani fyzickému napadeni, ale ne dal-
§im projevua socialni agrese. Zejména opakované vystaveni
jedince socidlnimu stresu muze byt spoustééem depresiv-
nich a uzkostnych stava (stejné jako u lidi), které se proje-
vuji anhedonii, socidlni izolaci, izkosti, prvky naucené bez-
mocnosti atp. Pomoci této metody se zkouma4 i vliv stresu na
uzivani navykovych latek. Zjistilo se napt., Ze opakované
vystaveni zvirete socidlnimu stresu vede ke zvySenému
prijmu kokainu (Cruz et al., 2011), amfetaminu (Burke et
al., 2013), data o ucincich alkoholu a opiata jsou nejedno-
znacna (Becker et al., 2011; Cruz et al., 2011).
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Spatial memory is a type of memory characterised by
the ability to encode, store, and retrieve information about
the spatial arrangement of the environment. It helps a sub-
ject to learn to identify and recognise their position in rela-
tion to reference points that surround them. This type of
memory involves the creation of a cognitive map of the envi-
ronment. Spatial orientation in rats is considered an ani-
mal model for the study of human memory (Kelemen and
Past’alkova, 2000).

Various types of mazes (including T-shaped, Y-shaped,
and multi-arm designs) are used to examine spatial mem-
ory in animals. The “water maze” method, developed by
a British professor, Richard Morris, in 1981 (Morris, 1981)
— hence also known as the “Morris water maze” — is em-
ployed very often. This model is widely used because of its
high reliability, specificity, and cross-species utility (rats
and mice are the most common subjects to be used)
(Vorhees and Williams, 2006).

The Morris water maze consists of a circular pool
1.5-2 metres in diameter filled with dyed water. In this pool,
a rat must learn to locate a platform hidden under the wa-
ter surface which is the only place for it to rest. In searching
for the platform, the animal can orient itselfin the pool only
by environmental indications outside the pool structure, i.e.
the positions of windows, doors, furniture, lighting, etc.
A healthy animal learns to find the way to the platform rel-
atively quickly, within a few days. The behaviour of the ani-
mal is tracked by a video camera connected to a computer
system. Variables that are measured include latency (the
time spent by the rat locating the target site, thigmotaxis
(the percentage of time spent by the animal following the
wall around the outer perimeter of the pool), total swim
path length, types of swim trajectories, and swimming
speed.

This method may be utilised to test the potential of
addictive substances to influence learning and memory
and the reversibility of any disorders that may be caused
by such effects. Acute intoxication with ethanol or THC,
for example, impairs spatial learning in the water maze.
The same effect on learning was also found in relation to
acute intoxication with psychostimulants such as co-
caine and methamphetamine (Schramm-Sapyta et al.,
2009).

® 3 SPECIAL MODELS OF ADDICTION

® 3/ 1 Conditioned place preference

“Conditioned place preference” is a highly acclaimed
pre-clinical behavioural method used to assay the reward-
ing and aversive effects of a substance under study. It is rel-
atively inexpensive and time-saving, requires no surgery,
and can be adapted to multiple species (Bardo and Bevins,
2000). Nevertheless, information about the addictive poten-

® 2 / 3 Testovani paméti a uc¢eni

Pameét je schopnost organismu uklddat, uchovavat a vyba-
vovat informace (véetné téch spojenych s uzivanim drogy).
Uceni je proces ukladani informace do paméti. Pri procesu
uceni dochdzi ke zméndm nervového systému, které se pro-
jevuji jako postupné vytvareni kratkodobé a dlouhodobé pa-
métové stopy.

Prostorova pamét je druh paméti charakterizovany
schopnosti uklddat, uchovavat a vybavovat informace
o prostorovém usporadani okolniho prostredi. Timto zptso-
bem se subjekt ué¢i uréovat a rozezndvat vlastni polohu
vzhledem k okolnim orientaé¢nim bodum. Tento druh pamé-
ti zahrnuje vytvoreni kognitivni mapy prostredi. Prostoro-
va orientace u potkant je povazovana za zvireci model pro
studium lidské paméti (Kelemen et Pastalkova, 2000).

Pro vyzkum prostorové paméti se u zvirat uzivaji nej-
ruznéjsi typy bludist_(napt. tvaru , T, ,Y“ viceramenna
bludisté atp.). Velmi ¢asto se uziva metoda ,,vodniho bludis-
té“. Metoda byla vyvinuta britskym profesorem Richardem
Morrisem v roce 1981 (Morris, 1981), proto je nazyvana
Morrisovo vodni bludisté (,Morris water maze*). Ten-
to oblibeny model je povaZovan za vysoce spolehlivy a vyso-
ce specificky, mezidruhové pouzitelny (nejéastéji se uzivaji
potkani a my$i) (Vorhees et Williams, 2006).

Morrisovo vodni bludisté je tvoreno kruhovym bazé-
nem velikosti 1,5-2 metry v diametru, ktery je naplnény
obarvenou vodou. V bazénu se potkan u¢i co nejrychleji na-
jit ostravek ukryty pod hladinou, jenz je i jedinym mistem
k odpocinku. Zvite se muze v bazénu orientovat (hledat os-
travek) pouze podle znaku z prostredi mimo prostor bazénu
—tj. poloha oken, dveri, nabytku, svétlo atp. Zdravé zvire se
naudi najit cestu k ostrivku relativné rychle béhem nékoli-
ka dni. Chovani zvirete je sledovdno pomoci videokamery
propojené s pocitatovym systémem. Méri se latence (¢as),
ktery potkan stravi hleddanim ostravku, tigmotaxe (procen-
to ¢asu, které zvire stravi blizko stény pri krouzeni po obvo-
dé bazénu), celkova uplavana draha, typ pohybové trajekto-
rie, rychlost plavani atp.

Pomoci metody lze testovat potencidl navykovych la-
tek ovliviiovat udeni a pamét a reverzibilitu eventudlnich
poruch. Napriklad akutni intoxikace etanolem nebo THC
zhorsuje prostorové ueni ve vodnim bludisti. Stejny Géinek
na ufeni ma i akutni intoxikace psychostimulanty, jako
jsou kokain a metamfetamin (Schramm-Sapyta et al.,
2009).

@ 3 SPECIALNI MODELY ZAVISLOSTI

® 3 /1 Drogou podminéna preference mista

»,Drogou podminén4 preference mista“ (,,conditioned pla-
ce preference®) patri mezi uznavané preklinické behavio-
ralni metody pouzivané ke studiu odmeérnovacich a averziv-
nich G¢inkd zkoumané latky. Je to metoda, ktera je relativ-
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tial of a substance being tested that is obtained by means of
the self-administration method is still of greater weight.

The conditioned place preference method is based on
the proposition of an association/conditioned relationship
between the effect of the study substance and a certain
well-defined environment in which the substance is admin-
istered (Prus et al., 2008). This method is implemented us-
ing a set of three interconnectable cages/compartments:
both side compartments are the same size, but otherwise
easy to distinguish/differentiate (e.g. one compartment has
a smooth floor and vertical stripes on its side walls, while
the floor of the other consists of a grate and its walls are sin-
gle-coloured). Smaller and visually neutral, the central
compartment is separated from the compartments on the
sides by a guillotine/removable doors that make it possible
to move between all three compartments.

The conditioned place preference paradigm comprises
three steps. In Step I/Part I of the experiment, the animal is
placed in the central compartment, and the partitions be-
tween the compartments are removed. The time spent by
the animal in each of the side compartments is measured
(generally as a percentage of the total time, i.e. 100%). The
compartment in which the animal spends less time (=
unpreferred environment) will be chosen as the site where
the study substance will be administered. Step II of the ex-
periment involves the phase of multi-day conditioning/pair-
ing/associating of the administration, or effect, of the study
substance with the unpreferred compartment. At this
stage, the compartment which was originally preferred by
the animal is in turns paired with the administration of
a placebo (usually a 0.9% sodium chloride solution). The
testing takes place during Step/Phase III. Neither the ex-
perimental substance nor the placebo is administered to the
animal at the testing stage. The animal is placed into the
central compartment again, with the doors to the other
compartments being open, and time spent in each of the
side compartments is measured. The test result referred to
as “drug-conditioned place preference” is achieved when the
animal is found to be spending statistically more time in the
compartment in which it received the study substance dur-
ing the conditioning phase of the experiment. If the animal
spends a significantly greater amount of time in the com-
partment paired with the placebo, the indication is that the
study substance produces aversive effects — “conditioned
place aversion” (Prus et al., 2008; Gardner, 2008;
Planeta, 2013).

The preference for one environment over the other pro-
vides information about the motivational effect of the study
substance. If the substance induces a pleasurable state, the
subject is expected to spend more time in the compartment
where it repeatedly received such a substance (Lynch et al.,
2010).
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né levnd, casové nendro¢nd, nevyzaduje chirurgicky
zakrok, je adaptabilni pro vice druhu zvirat (Bardo et Be-
vins, 2000). Nicméné informace o zavislostnim potencialu
testované latky ziskané metodou autoaplikace/selfadminis-
trace maji prece jenom vétsi vahu.

Metoda conditioned place preference je zaloZena na
tom, Ze se vytvori spojeni/podminénd vazba mezi u¢inkem
zkoumané latky a urc¢itym, dobre definovanym prostredim,
v némz je latka aplikovana (Prus et al., 2008). Metoda se
provadi v setu t¥i vzdjemné propojenych kleci/ komor: obé
postranni komory jsou stejné velké, ale jinak jednoznaéné
rozliSitelné/rozdilné (napt. jedna komora mé hladké dno
a vertikalni pruhy na sténach, druha komora ma4 dno tvore-
né rostem a stény jednobarevné atp.). Mensi a vzhledové
neutrdlni centralni komora je od obou postrannich komor
oddélend gilotinovymi/odstranitelnymi dvermi, jez umozni
propojeni vSech tri komor.

Metoda conditioned place preference se sklada ze tii
krokd. V prvnim kroku/¢asti pokusu se zvite umisti do cen-
tralni komory, otevi'e se propojeni mezi komorami a uréuje
se doba, kterou zvire stravi v kazdé z postrannich komor
(vétsinou procenta z celkového méreného ¢asu = 100 %). Ko-
mora, ve které zvitre stravi méné ¢asu (= nepreferované pro-
stredi), se uréi jako komora, v niz bude posléze aplikovdna
zkoumana latka. Druhym krokem pokusu je faze nékolika-
denniho podminovani/parovani/spojovani aplikace resp.
ucinku testované latky s nepreferovanou komorou. Vétsi-
nou je v této fazi stiidavé zviretem ptivodné preferovana ko-
mora parovédna s aplikaci placeba (nejéastéji 0,9% roztok
chloridu sodného). B€hem tretiho kroku/fdze probiha vlastni
testovani. V prubéhu testovani se zvireti neaplikuje zddna
latka ani placebo. Zvite je znovu umisténo do centralni ko-
mory s otevienymi vstupy do obou postrannich komor a sle-
duje se ¢as straveny v kazdé ze dvou postrannich komor. Ja-
ko ,,drogou podminéna preference mista“ se oznacuje vysle-
dek testu v pripadé, zZe zvire stravi statisticky vyznamné
vice ¢asu v komore, ve které dostaval v podminovaci fazi po-
kusu testovanou latku. Pokud ale zvire stravi vyznamné vi-
ce ¢asu v komore sparované s placebem, znamena to, Ze tes-
tovand latka ma averzivni Gcinky — ,podminéna averze
mista® (,conditioned place aversion®) (Prus et al.,
2008; Gardner, 2008; Planeta, 2013).

Preference jednoho prostredi pred druhym ndm posky-
tuje informaci o motivaénim u¢inku zkoumané latky. Jestli-
ze zkoumana latka vyvolava stav libosti, maZeme oéekavat,
Ze pokusné zvite stravi vice ¢asu v komore, ve které tuto lat-
ku opakované dostavalo (Liynch et al., 2010).

Za predchudce metody conditioned place preference se
poklada dimyslna studie amerického psychologa S. D. S.
Spragga ,Morfinova zavislost u Simpanze“ zverejnéna v ro-
ce 1940 (Spragg, 1940). V praci dostavali Simpanzi injekce
morfinu tak dlouho, aZ se u nich rozvinula zavislost. Potom
byla zvirata vycvi¢ena vybirat mezi dvéma boxy; v éerném
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In 1940 the American psychologist S. D. S. Spragg pub-
lished his “Morphine Addiction in Chimpanzees® (Spragg,
1940). As part of this ingenious study, considered by many
as pioneering the conditioned place preference method,
chimpanzees were given injections of heroin until they had
developed addiction. Then the animals were trained to
choose between two boxes; the black box contained a ba-
nana, the white box a syringe with morphine. In the drug
withdrawal state, the chimpanzee opted for the white box
with a syringe, while the black box with a banana was the
choice in the state of intoxication.

Horace D. Beach, another American psychologist, is
considered the founder of the conditioned place preference
method (Liu et al., 2008; Beach, 1957; Bozarth, 1987). This
achievement is attributed to his 1955 works in which he de-
scribed the preference of rats in a Y-shaped maze for the
arm associated with morphine injections.

The result of the conditioned place preference-based
test is determined by the type of drug, the route of adminis-
tration, and the dose. Some addictive substances induce
both a conditioned place preference and conditioned place
aversion, depending on the size of the dose. Other impor-
tant criteria include the latency and duration of the effects.
The rewarding properties of substances with a long latency
and duration of action are weaker than those of substances
with a rapid onset and short effect (Prus et al., 2008; Bardo
and Bevins, 2000).

This method can be used to test the presence of re-
warding or aversive effects associated with the administra-
tion of the substance/drug, to compare the addictive poten-
tial of substances and the potential of substances or other
parameters to provoke relapse/reinstatement of drug-seek-
ing behaviour, and to test potential therapeutic compounds
that could alleviate the urge to use the drug or block the
conditioned place preference (Lynch et al., 2010; Gardner,
2008; Liu et al., 2008).

® 3 / 2 Self-administration
Based on a generally accepted model of addiction, the
self-administration method is considered a “gold stan-
dard” in the testing of the addictive potential of substances
(Carter and Griffiths, 2009). Substances with the potential
to create physical dependence in humans are also
self-administered in animal models (Mello and Negus,
1996). The method belongs to the traditional behavioural
animal models that reveal the action of drugs as positive re-
inforcers, which are more potent than “natural reinforcers”,
such as food, water, and sex (Lynch et al., 2010).
Independently of each other, several scientists intro-
duced this method in the 1960s. In 1962 James R. Weeks
published a work describing the self-administration of mor-
phine in rats (Planeta, 2013; Weeks, 1962) and in 1964
Travis Thomson and Charles R. Shuster reported about

boxu byl banén, v bilém boxu strikacka s morfinem. Ve sta-
vu odnéti drogy Simpanzi volili bily box se strikackou, ve
stavu intoxikace — éerny box s bananem.

Za zakladatele metody conditioned place preference se
povazuje jiny americky psycholog, Horace D. Beach (Liu et
al., 2008; Beach, 1957; Bozarth, 1987), ktery v roce 1955
publikoval praci popisujici, jak potkani vycviéeni
v Y-tvarovaném bludisti, kde pobyt v jednom rameni byl
spojen s injekci morfinu, uprednostiiovali pobyt v tomto
rameni.

Vysledek testu conditioned place preference je dan ty-
pem léku, zptisobem podéni i velikosti davky. Nékteré na-
vykové latky navozuji jak conditioned place preference, tak
i conditioned place aversion v zavislosti na velikosti apliko-
vané davky. Dalsim dulezitym kritériem je latence uéinku
a délka trvani uéinku. Latky s dlouhou latenci uéinku
a dlouhym puasobenim nemaji tak vyrazné odmeériovaci
vlastnosti na rozdil od latek, které maji rychly nastup dGéin-
ku a kratky efekt (Prus et al., 2008; Bardo et Bevins, 2000).

Pomoci této metody lze testovat: pritomnost odmeéro-
vacich nebo averzivnich déinka spojenych s aplikaci lat-
ky/drogy, porovnavat potencidl latek k vyvolani zavislosti
a potencidl latek €i jinych parametrt k navozeni relap-
su/navratu k droze, pripadné testovat potencialni 1é¢iva, jez
by snizila touhu po droze, resp. drogou podminénou prefe-
renci mista dostavalo (Lynch et al., 2010; Gardner, 2008;

Liu et al., 2008).

® 3 /2 Metoda ,,autoaplikace”

Metoda ,autoaplikace“ (,self-administrace”, ,self-ad-
ministration®) je nejvice akceptovanym modelem zévislos-
ti, je povazovana za ,zlaty standard” testovani potencialu
latky vyvolavat zavislost (Carter et Griffiths, 2009). Latky,
jez vyvolavaji zavislost u lidi, jsou autoaplikovany/sebead-
ministrovdny i ve zvitecich modelech (Mello et Negus,
1996). Metoda patii mezi tradiéni behavioralni zvireci mo-
dely odhalujici ptisobeni drogy jako pozitivnhiho odménova-
ée/ reinforcer, ktery je potentnéjsi nez ,prirodni odmeérno-
vace“, jako napr. potrava, voda, sex (Lynch et al., 2010).

Poprvé byla tato metoda popsédna v prabéhu 60. let 20.
stoleti nezavisle na sobé nékolika védci. Doktor James R.
Weeks v roce 1962 publikoval préci popisujici autoaplikaci
morfinu u potkant (Planeta, 2013; Weeks, 1962), Travis
Thomson a Charles R. Shuster v roce 1964 popsali autoapli-
kaci morfinu u opic (Mello et Negus, 1996; Thompson et
Schuster, 1964).

Principem metody je ziskdni/dosazeni odmény (davka
navykové latky) podminéné vykonanim uréitého ukolu (nej-
castéji stlaceni packy, vybér spravného otvoru, spravna
identifikace/vybér nadoby s drogou atp.) (Fiserova, 2000).

Metoda self-administrace se nej¢astéji provadi na hlo-
davcich, ale je vysoce adaptabilni i na jiné druhy zvirat jako
psy, kocky, ptaky (Gardner, 2008) a primaty (Lynch et al.,
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morphine self-administration in monkeys (Mello and
Negus, 1996; Thompson and Schuster, 1964).

The method is based on a reward (a dose of an addic-
tive substance), the receipt/gaining of which is conditioned
by the performance of a certain task (pressing a lever,
choosing a correct hole, identifying/selecting the correct
container with the drug, etc.) (FiSerova, 2000).

The self-administration method is generally applied to
rodents, but is highly adaptable to other kinds of animals
such as dogs, cats, and birds (Gardner, 2008) and primates
(Lynch et al., 2010; Panlilio and Goldberg, 2007; Howell and
Fantegrossi, 2008).

The investigational substances/drugs can be adminis-
tered by various routes, including intravenous, intramus-
cular, oral, intranasal, intracerebroventricular, and
intragastric (Lynch et al., 2010; Schramm-Sapyta et al.,
2009; Pechnick et al., 2007; Panlilio and Goldberg, 2007). It
generally holds that the same routes of administration as in
humans, e.g. alcohol orally, heroin intravenously, etc.,
should be used.

In the case of oral self-administration (e.g. with alcohol
or morphine), animals are offered the drug in drinking con-
tainers. For example, one container with plain water and
one or more containers with alcohol of various concentra-
tions (5-20%) are placed into a cage at the same time. The
position/location of the containers in the cage changes every
day. If the animal experiences alcohol as a reward, it starts
seeking the container(s) with alcohol. During the experi-
ment (involving self-administration ranging from several
days to chronic) regular measurements (usually on a daily
basis) of the consumption of the liquids in the containers
are taken.

The testing based on the intravenous self-adminis-
tration (IVSA) method begins with an intravenous cathe-
ter being surgically implanted in the internal jugular vein
(Gardner, 2008). Self-administration sessions are launched
after the animal has recovered from the surgery (within
several days). The animal learns that a certain action (e.g.
pressing the active lever/response device that is connected
to a programmed perfusion pump) is followed by/associated
with the administration of a substance/drug, i.e. a reward-
ing sensation. If the animal experiences the administration
of the substance as a reward, it tends to repeat the action
(pressing the active lever). There are a number of modifica-
tions of this test. “Fixed ratio” (FR) refers to a schedule
which requires that the animal completes a fixed number of
tasks to receive the reward (for example, FR=1 means that
each time the active lever is pressed one dose of the sub-
stance/drug is delivered into the animal; in the FR=5 ar-
rangement, the animal must press the lever five times to re-
ceive one dose of the drug, etc). In a “progressive ratio” (PR)
schedule, the number of non-reward presses on the active
lever needed to trigger the administration of the drug in-
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2010; Panlilio et Goldberg, 2007; Howell et Fantegrossi,
2008).

Testované latky/drogy mohou byt aplikované riznymi
cestami — intraven6zné, intramuskuldrné, peroralné, intra-
nazalné, intracerebroventrikuldrné, intragastricky atp.
(Lynch et al., 2010; Schramm-Sapyta et al., 2009; Pechnick
et al., 2007; Panlilio et Goldberg, 2007). Obecné plati, Ze se
pouziva stejny zpusob podani, jakym je latka aplikovana
u lidi, napt. alkohol peroralné, heroin intraven6zné atp.

V pripadé peroralni autoaplikace (napf. u alkoholu ne-
bo morfinu atp.) je zvirfatim nabizena droga v pitnych nado-
bach. Napt. do klece jsou umistény soucasné: 1 nddoba s ¢is-
tou vodou a 1 nebo vice nddob s riznymi koncentracemi al-
koholu (520 %). Pozice/umisténi nadob v kleci se kazdy den
méni. Pokud zvite pocituje alkohol jako odménu, za¢ne vy-
hleddvat nadobu/y s alkoholem. B&€hem pokusu (vétsinou
nékolikadenniho az chronického) se pravidelné (vétsSinou
denné) méri konzumace tekutin v nadobach.

Testovani metodou intravenézni self-administrace
(IVSA) zaéina chirurgickou implantaci intravenézniho ka-
tétru do v. jugularis interna (Gardner, 2008). Po chirurgic-
kém vykonu se zvire v prubéhu nékolika dni zotavuje. Po-
tom zacinaji autoaplikaéni sezeni. Zvire se naudi, ze ur¢ity
dkon (napr. stlaceni aktivni packy/tlacky, té, jeZ je spojena
s naprogramovanou perfuzni pumpou) je nasledovan/spojen
s aplikaci latky/drogy, tedy s pocitem odmény. Pokud apli-
kaci latky zvire pocituje jako odménu, ma tendenci ukon
(stladeni aktivni tlacky) opakovat. Existuje rada rtznych
modifikaci testu. ,Fixovany pomér” (fixed ratio — FR) zna-
men4, ze zvite dostane odménu po spravném vykondni uréi-
tého pevné stanoveného poctu dkold (napr. FR=1 znamena4,
ze pri kazdém stlaceni aktivni packy je zvireti aplikovana
jedna déavka latky/drogy; pri FR=5 musi zvite pro dosaZeni
jedné aplikace drogy stisknout packu 5krat atp.). Pri tzv.
»progresivnim poméru“ (progressive ratio — PR) je pocet
prézdnych stladeni aktivni pac¢ky (=bez odmény) pro dosa-
zeni kazdé aplikace drogy zvySovan geometrickou radou
(Carter et Griffiths, 2009). Toto usporadani IVSA se pouzi-
va k posouzeni motivace zvirete k ziskani drogy (Gardner,
2008), resp. k testovani potencidlu latky k navozeni zavis-
losti. Princip autoaplikace zviretem je provazen radou nut-
nych ochrannych opatreni — napr. je definovan maximalni
pocet injekci (maximélni autoaplikovana davka) v uréitém
¢asovém intervalu i celkové, kazda injekce je nasledovana
urcitou ,prestavkou” (time out), kdy neni droga po stlaceni
packy k dispozici (aby nedoslo ke kumulaci davek) atp.
(Carter et Griffiths, 2009). Jako ,zlomovy bod“ (breakpoint)
se oznacuje nejvyssi pocet tkolt (prazdnych stlaceni aktiv-
ni packy), které je zvite ochotno provést pro ziskani odmény
(=davka drogy). (Obr. 4.)

Metoda ,,autoaplikace” se pouziva zejména pro testova-
ni potencidlu latky navodit zavislost, dédle pro testovani po-
tencidlnich 1é¢iv pro substituci (latky s agonistickym déin-
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creases exponentially (Carter and Griffiths, 2009). This
IVSA variant is used to assess the motivation of the animal
to obtain the drug (Gardner, 2008), or to test the addictive
potential of the substance. The principle of self-admi-
nistration by the animal requires a number of protective
measures: e.g. the maximum number of injections (maxi-
mum self-administration dose) both within a specific time
interval and in total is defined, each injection is followed by
a “timeout” during which the drug is not delivered in re-
sponse to the lever being pressed (to prevent the accumula-
tion of doses), etc. (Carter and Griffiths, 2009). A “break-
point” refers to the highest number of responses (pressing
the active lever with no drug delivery) which the animal is
willing to make to be rewarded (= receive the drug). (Fig. 4.)

The self-administration method is primarily used to
test the addictive potential of a drug and to test potential
substitution agents (substances with agonistic effects) and
medication which may be effective in reducing drug con-
1996).
premedication with an opioid receptor antagonist in

sumption (Mello and Negus, For example,
a self-administration test resulted in a lower breakpoint
level (a smaller number of self-administration episodes)
(Pechnick et al., 2007). Similar tests may be performed to
test environmental influences on drug consumption/self-
administration. It has been demonstrated, for example,
that the exposure of the animal to stress (e.g. electric shock
or social defeat stress) increases the breakpoint level (esca-
lated drug consumption/self-administration) (Gardner,
2008).

® 3 / 3 Drug Discrimination

The drug discrimination method is a valid behav-
ioural technique used in addiction research. It is often uti-
lised in combination with the self-administration and place
preference approaches (Stolerman et al., 2011).

This method is based on the ability of higher living or-
ganisms (including rodents and primates) to distinguish
various types of central effects, i.e. various states of mind
they may be experiencing (Glennon and Young, 2011).

The method is underpinned by the model of learnt op-
erant behaviour. It is generally tested on rats, monkeys,
and mice (Carter and Griffiths, 2009; Young, 2009).

The drug discrimination method was first reported in
1951 by the American psychology professor John Janeway
Conger. His work compared the behaviour of animals in the
states of acute alcohol intoxication and sobriety (Donald
and Overton, 1991).

The drug discrimination test assays the subjective ef-
fect of an addictive substance on an animal organism. It
comprises four elements: (i) a motivated animal (a
food-deprived animal learns more easily if food is the re-
ward), (ii) the administration of an addictive substance ca-
pable of altering the state of mind and perception or a pla-

kem), nebo 1é¢iv snizujicich konzumaci drogy (Mello et Ne-
gus, 1996). Napr. premedikace antagonistou opioidnich
receptoru v testu self-administrace vede ke snizeni hodnoty
zlomového bodu (pokles autoaplikaci) (Pechnick et al.,
2007). Obdobné lze testovat i vliv prostiedi na konzuma-
ci/autoaplikaci drogy, napft. bylo prokazano, Ze vystaveni
zvitete stresu (napt. elektricky Sok, socidlni stres atp.) na-
opak zvySuje hodnotu zlomového bodu (zvySena konzuma-
ce/autoaplikace drogy) (Gardner, 2008).

® 3 / 3 Rozpoznavani drogy

(,,drug discrimination”)

Metoda ,rozpoznani latky mezi ruznymi latkami®
(,drug dicrimination®) patii mezi validni behavioralni
techniky pouzivané v adiktologii. Casto se pouzivé v kombi-
naci s metodou ,autoaplikaci“ a ,,preference mista“ (Stoler-
man et al., 2011).

Metoda se zaklada na schopnosti vyssich Zivych orga-
nizmu (napr. i hlodavet, primata atp.) rozliSovat rtizné ty-
py centralnich déinkd, resp. razné typy stavu védomi, ve
kterém se nachéazeji (Glennon et Young, 2011).

Podkladem metody je model nauéeného operantniho
podmiriovani. Nejéastéji se testuje na potkanech, opicich
a mySich (Carter et Griffiths, 2009; Young, 2009).

Metoda drug dicrimination byla poprvé referovana
v roce 1951 americkym profesorem psychologie Johnem Ja-
neway Congerem. Tato prace popisovala rozdily v chovani
zvirat ve stavu akutni intoxikace alkoholem a ve stfizlivém
stavu (Donald et Overton, 1991).

Test ,,rozpoznani mezi riznymi latkami“ zkoum4 sub-
jektivni déinek navykové latky na zivoCiSny organismus.
Sklada se ze ¢tyr prvki: prvnim prvkem je motivované zvire
(hladové/deprivované zvite se lépe uci, v pripadé, kdyz je
odménou jidlo), druhym prvkem je aplikace navykové latky,
ktera zméni stav védomi a vnimani, nebo aplikace placeba
(nejcastgji se jako placebo pouzivd ekvivalentni mnoZstvi
0,9% roztoku chloridu sodného) urcitou dobu pred testova-
nim, treti prvek — spravné vykonany tkol, a poslednim étvr-
tym prvkem je obdrzeni odmény (ve vétSiné pripadu jidlo
nebo slazené mléko) (Glennon et Young, 2011; Young,
2009).

Vycevik zvirat probiha v operaéni komore se dvéma pac-
kami (podobné jako u metody IVSA). Nejdrive se zvire naudi
jenom mackat packu. Potom zacina trénink s aplikaci testo-
vané latky. V prubéhu ,testovaciho/drogového sezeni® se
davka testované latky aplikuje urcitou dobu pred umisté-
nim zvitete do testovaci komory. Ukolem zvifete je zmad-
knout packu, kterd byla predem stanovena jako ,drogova“
(napt. pravou packu). Zmacknuti spravné packy ma za na-
sledek obdrzeni odmény — jidla. Druhy den je ,,sezeni s pla-
cebem”, misto navykové latky se aplikuje fyziologicky roz-
tok. V pribéhu tohoto sezeni by zvire mélo zméacknout ,,pla-
cebovou packu®, je to jind packa nez u drogového sezeni
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cebo (an equivalent quantity of 0.9% sodium chloride solu-
tion is commonly used for this purpose) a certain period of
time prior to testing, (iii) a correct response, and (iv) a re-
ward/reinforcement (mostly food or sweetened milk)
(Glennon and Young, 2011; Young, 2009).

Animals are trained in an operant chamber equipped
with two levers (as in IVSA). First the animal only learns to
press the lever. Then the administration of the study sub-
stance is included in the training. During a “testing/drug
session”, a dose of the study substance is administered some
time before the animal is placed inside the testing chamber.
The animal is expected to press the response lever desig-
nated in advance as the “drug lever” (the one on the right,
for example). Pressing the correct lever yields a reward —
food. On another day, a “placebo session” takes place, where
saline solution is applied instead of the addictive sub-
stances. During this session the animal should press the
“placebo lever”, the other lever from that activated at the
“drug session” (the one on the left, for example), to receive
a reward (Glennon and Young, 2011; Lynch et al., 2010;
Fiserova, 2000). A correct response percentage of the total
number of instances of pressing the lever during the session
(=100%) is looked for. The test is considered accomplished
after the animal has made 80% or more “correct responses”
(Carter and Griffiths, 2009). This relatively time-consum-
ing training takes several weeks, sometimes months. The
ability of the animal to opt for the “correct” pressing device
as a result of the administration of a centrally acting sub-
stance demonstrates the discrimination of the effect, i.e. the
substance.

The drug-discriminating procedure can be used to ex-
amine the effects of common centrally acting substances
and their pharmacological properties, such as the onset and
duration of effects, the relationship between the effect and
the route of administration of the substance, and the pres-
ence of active metabolites, and to test receptor agonists and
antagonists (Glennon and Young, 2011; Carter and
Griffiths, 2009). This method can also be used to test un-
known substances/new drugs, the number of which on the
black market has risen dramatically. If a new compound
generates the same response as the previously trained
drug, it appears to belong to the same group of compounds
and to elicit similar subjective experiences (e.g. both metha-
done and morphine are opiates). If a study substance has
the same action as the placebo, it is affiliated with a differ-
ent group of compounds and induces different subjective al-
terations in the animal (e.g. cocaine vs. morphine, as by
principle cocaine is a stimulant, while morphine ranks
among the depressants) (Lynch et al., 2010; Carter and
Griffiths, 2009).

The test can entail several modifications, such as test-
ing of a study substance vs. a placebo, the assay of the ef-
fects of different doses of the same substance, and the test-
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(napr. leva packa), aby dostalo odménu (Glennon et Young,
2011; Lynch et al., 2010; Fiserova, 2000). Sleduje se procen-
to spravnych odpovédi z celkového mnozZzstvi zmacknuti
v prabéhu sezeni (=100 %). O splnéni testu hovorime, kdyz
zvite dosdhne béhem sezeni 80 nebo vice procent spravnych
zmacknuti (Carter et Griffiths, 2009). Tento pomérné ¢aso-
vé narofny vycvik trvda nékolik tydnd, nékdy i mésicu.
Schopnost zvitete zvolit ,spravnou” tlacku pod vlivem pri-
slusného centralniho u¢inku vyvolaného praveé aplikovanou
latkou dokldda rozpoznani daného typu Géinku, resp. dané
latky.

Metodu ,,rozpoznani mezi riznymi latkami“ 1ze uzit ke
zkoumani zakladnich centralnich uéinku latek i farmakolo-
gickych vlastnosti zkoumanych latek, jako je latence tcin-
ku, doba trvani u¢inku, ovlivnéni efektu latky v zavislosti
na zpusobu podéni, pritomnost aktivnich metabolita, testo-
vani receptorovych agonisti a antagonisti (Glennon et
Young, 2011; Carter et Griffiths, 2009). Timto zptsobem se
mohou testovat i neznamé slouceniny/ nové drogy, jejichz
pocet na éerném trhu posledni dobou lavinovité stoupa.
JestliZe nova sloucenina vyvolava stejnou reakci jako pred-
tim nacvi¢end droga, znamena to, Ze patii do stejné skupiny
sloucenin a vyvolava podobné subjektivni prozivani (napft.
metadon a morfin, oba pat¥i mezi opioidy). Pokud zkouma-
na latka ucinkuje stejné jako placebo, v tomto pripadé patii
do jiné skupiny slou¢enin a vyvolava jiné subjektivni zmény
u zvitete (napr. kokain a morfin, protozZe principialné patii
kokain mezi stimulanty, kdezto morfin mezi latky tlumivé)
(Lynch et al., 2010; Carter et Griffiths, 2009).
tovani zkoumané latky versus placebo, zkoumani ucinka
ruznych davek stejné latky, testovani dvou ruznych latek
atp. (Glennon et Young, 2011; Stolerman et al., 2011).
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ing of two different substances (Glennon and Young, 2011,
Stolerman et al., 2011).

® 4 NEUROBIOLOGY METHODS

® 4 / 1 Microdialysis

Microdialysis is an in vivo technique used to assay con-
centrations of low-molecular substances (such as
neuromediators, low-molecular peptides, and hormones) in
the interstitial space. It is used for collecting samples of tis-
sue from various organs, including blood and eye, liver,
muscle, and brain tissue (Darvesh et al. 2011). In addiction
research, microdialysis of various brain areas is of major
relevance. The technique is widely used to sample and
quantify neurotransmitters, neuropeptides, and hormones
in the brain and its periphery (Chefer et al., 2009). The in-
valuable and unique benefit of microdialysis is that it al-
lows the long-term (even repeated) measurement of
changes in (neuro-)mediators in the structure/tissue of in-
terest in unrestrained animals and thus the study of
changes occurring within chronic models or during other
behavioural tests, such as self-administration and CPP, or
the investigation of the responses of the animal to pharma-
cological and other stimuli (Torregrossa and Kalivas, 2008;
Sustkov, 2003)

A microdialysis system consists of a microdialysis
probe/cannula with a semipermeable membrane to be im-
planted in the tissue under study, a perfusion/dialysis
pump with perfusion solution (artificial tissue fluid), and
a microtube into which the sample/dialysate is collected at
certain intervals. (Fig. 5, 6.)

The principle of microdialysis is based on Fick’s law of
diffusion, which explains the passive passage of molecules
through a semipermeable membrane according to the con-
centration gradient, i.e. from a higher-concentration envi-
ronment into a low-concentration environment. The func-
is fulfilled by

a microdialysis probe which is very slowly perfused with

tion of a semipermeable membrane

perfusion/dialysis solution (of zero concentration). The per-
meability of the membrane (cut-off) is determined by the
size of its pores; a permeability of 5,000-100,000 daltons is
generally used. The probe is inserted into an area of inter-
est (e.g. a selected brain structure). Through the pores of
the the
microdialysis probe, substances from the extracellular fluid

semipermeable membrane which contains
pass into the probe, where they are collected (at certain in-
tervals) into the microtube. The concentration of the study
substances in the diasolyte is then determined using an ap-
propriate analytical method, which must be extremely sen-
sitive, as the concentrations of the substances in the
diasolyte are very low (pmol concentrations and lower). In-
deed, experimental analytical possibilities are a major limi-

@ 4 NEUROBIOLOGICKE METODY

® 4 / 1 Mikrodialyza

Mikrodialyza je technika, ktera se pouziva k in vivo moni-
toraci koncentrace nizkomolekuldrnich latek v intersticidl-
nim prostoru tkani (jako jsou nap¥. neuromedidtory, nizko-
molekularni peptidy, hormony atp.). Pouziva se pro odbér
vzorku z rtznych organd, jako jsou krev, oko, jatra, svaly,
mozek (Darvesh et al., 2011). V adiktologickém vyzkumu
Technika mikrodialyzy je Siroce pouzivdna pro odbér vzor-
k1 a kvantifikaci neurotransmitert, neuropeptidi a hormo-
nu v mozku ¢i na periferii (Chefer et al., 2009). Neocenitel-
nou a unikatni vyhodou mikrodialyzy je moznost provadét
dlouhodobé (dokonce i opakované) méreni zmén (neuro)me-
diatort v prislusné strukture/tkdni u volné se pohybujicich
zvirat a tim studovat zmény v rdmci chronickych modelt ¢i
v prubéhu jinych behaviordlnich testd jako napr. autoapli-
kace, CPP nebo sledovat reakci zvirete na farmakologické
aj. podnéty (Torregrossa et Kalivas, 2008; Sustkova, 2003).

Mikrodialyzaéni systém se skladd z mikrodialyzaéni
sondy/kanyly se semipermeabilni membranou, ktera je im-
plantovana do prislusné tkané, perfuzni /dialyzaéni pumpy
s perfuznim roztokem (umélym tkanovym mokem), a mik-
rozkumavky, do niz je vzorek/dialyzat v urcitych interva-
lech odebiran. (Obr. 5, 6.)

Mikrodialyza je zaloZzena na principu Fickova zakona
diftze o pasivnim prachodu molekul semipermeabilni
membréanou dle koncentraéniho gradientu, tj. z prostredi
o vyS$si koncentraci do prostiedi o niZsi koncentraci. Funkei
semipermeabilni membrany plni mikrodialyzaéni sonda
velmi pomalu promyvana perfuznim/dialyza¢nim roztokem
(roztok s nulovou koncentraci). Velikost péru v membrané
urcuje jeji propustnost (,cut off“), vétSinou se uziva propust-
nost 5000-100000 Daltonti. Sonda je zavedena do zkouma-
né oblasti (napf. vybrané mozkové struktury). Péry semi-
permeabilni membrany mikrodialyzaéni sondy prochazi
latky z extracelularni tekutiny do sondy a odtud jsou jima-
ny (v urcitych éasovych intervalech) do mikrozkumavky.
Koncentrace sledovanych latek v dialyzatu se potom stano-
vuje prislu$nou analytickou metodou, ktera musi byt mimo-
Tfadné citlivd, protoZe koncentrace latek v dialyzéatu jsou
velmi nizké (pmol koncentrace a nizsi). Experimentalni
analytické moznosti jsou zdsadnim limitem této techniky
(Koob et al., 2007; Darvesh et al., 2011).

Prvni studie mérici extracelularni koncentraci neuro-
transmitteru v mozku provedl britsky profesor farmakolo-
gie John Henry Gardam v roce 1961 pouzitim techniky
»push-pull“ (Darvesh et al., 2011), inspirovany praci jinych
britskych védca Foxe a Histona, kteri provadéli stejné vy-
zkumy v podkozi v roce 1958 (Fox et Histon, 1958). Na vyvo-
ji sou¢asnych mikrodialyzaénych typt sond a celosvétoveé
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tation of this technique (Koob et al. 2007; Darvesh et al.
2011).

The first studies involving the measurement of the
extracellular neurotransmitter concentration in the brain
were carried out by a British professor of pharmacology,
John Henry Gardam, in 1961, using the push-pull tech-
nique (Darvesh et al. 2011). His work was inspired by other
British scientists, Fox and Hilton, who conducted the same
research on the subcutis in 1958 (Fox and Histon, 1958).
The Swedish professor Urban Ungerstedt contributed sig-
nificantly to the development of the current types of
microdialysis probes and the methods which are now com-
monly used worldwide (Darvesh et al. 2011).

In addiction research, the in vivo brain microdialysis
technique is of key relevance to the development of new
pharmacotherapeutic approaches and procedures with re-
spect to addiction treatment. Microdialysis makes it possi-
ble to moderate mediator changes induced by the effects of
addictive substances, as well as by potential receptor antag-
onists and agonists (Darvesh et al. 2011). In view of the
neural mechanisms of addiction, the greatest attention is
focused on the study of neurochemical changes in the

the
frontal cortex,

mesocorticolimbic  circuitry, including ventral

tegmental area, nucleus accumbens,
striatum, and amygdala (Torregrossa and Kalivas, 2008).
Another advantage of this method is that one sample may
be used to establish concentrations of more substances at
a time. The most common neurotransmitters of which the
study is of relevance to addictology include glutamate,
GABA, dopamine, serotonin, noradrenalin/norepinephrine,
acetylcholine, peptides, and endogenous cannabinoids

(Torregrossa and Kalivas, 2008).

® 5 CONCLUSION

This review article summarises selected common pre-clini-
cal addiction research methods. Animal model-based exper-
iments are widely used to study factors which are salient for
the development and maintenance of addiction and provide
valuable information needed to understand the key addic-
tion-related mechanisms. The transferability of research
evidence obtained from animal models and experiments to
humans may have its limitations; it can raise doubts and is-
sues. Nevertheless, as shown in Table 6, for example, the
experimental testing of the potential of substances to pro-
voke a “reinforcing” effect (= one that increases the urge to
use the drug, a “craving”) has demonstrated that common
addictive drugs of abuse available on the black market lead
to (mostly intravenous) self-administration in rats, mice,
and monkeys (self-administration model) and produce
a conditioned place preference and animals can distinguish
these substances within the drug discrimination model. An-
imal experiments have also shown that practically all
well-known addictive drugs increase the dopamine level in
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pouzivanych metod se velkou mérou podilel napr. §védsky
profesor Urban Ungerstedt (Darvesh et al., 2011).

V adiktologickém vyzkumu ma technika CNS mikrodi-
alyzy in vivo mimoradné dualezité uplatnéni pri vyvoji no-
vych farmakoterapeutickych sméra a postupa v 16¢bé zavis-
losti. Mikrodialyza umoziiuje moderovani medidtorovych
zmén vyvolanych tc¢inkem navykovych latek, potencidlnich
receptorovych antagonist a agonistu atp. (Darvesh et al,.
2011). Vzhledem k neuronalnim zavislostnim mechanis-
mum je nejvétsi pozornost vénovana zkoumani neuroche-
mickych zmén v mezokortikolimbickych obvodech, véetné
ventralni tegmentdlni oblasti, nukleus accumbens, front4l-
ni kuary, striatu, amygdaly atd. (Torregrossa et Kalivas,
2008). Dalsi vyhodou metody je, Ze z jednoho vzorku lze sou-
¢asné stanovovat koncentraci vice latek najednou. Nejcas-
téji stanovované neurotransmitery v adiktologii jsou gluta-
mat, GABA, dopamin, serotonin, noradrenalin/norepinef-
rin, acetylcholin, peptidy, endogenni kanabinoidy atp.
(Torregrossa et Kalivas, 2008).

® 5 ZAVER

V tomto prehledovém élanku jsou shrnuty vybrané, ¢asto
uzivané metody preklinického vyzkumu v oboru adiktolo-
gie. Experimenty na zvirecich modelech jsou Siroce pouziva-
né ke studiu faktorta vyznamnych pro rozvoj a udrzovani za-
vislosti, poskytujicich cenné informace nutné k porozuméni
klidovym mechanizmtm v problematice zavislosti. Prenosi-
telnost vyzkumnych informaci ziskanych ve zvirecich mo-
delech a experimentech na lidskou droveil nemusi byt obec-
né vzdycky stoprocentni, resp. muzZze byt nékdy nejedno-
znaéna nebo problematicka. Nicméné, jak je zrejmé z tabul-
ky 6, napr. pri testovani potencialu latek vyvolat ,posilujici®
acéinek (=efekt posilujici touhu po droze, ,craving®) bylo
u nejznaméjsich latek zneuzivanych na ¢erném trhu a vyvo-
lavajicich zavislost experimentélné prokazano, Ze navozuji
(vétSinou intravendzni) autoaplikaci u potkant, prip. mysi
¢i opic (model autoaplikace), Ze navozuji drogou podminé-
nou preferenci mista a zvirata tyto latky rozpoznavaji v mo-
delu schopnosti rozpoznani drogy. V animélnich experi-
mentech bylo také zjisténo, Ze prakticky vSechny znamé
drogy navozujici zévislost pri akutnim podéni zvysuji hladi-
nu dopaminu v nukleu accumbens atp. (Koob, 2009; Koob et
Volkow, 2010 atp.).

Preklinické animélni modely patri mezi unikatni scre-
eningové techniky pro zkoumani navykového potencidlu
u drog, ale i k testovani novych lé¢iv v terapii zavislosti,
stejné jako psychologické terapeutické ¢i preventivni pros-
tredky pro zlepSeni zvladani zatéZovych situaci u pacientd
zavislych na navykovych latkach atp. Nezbytnou souéasti
uzivani zvirat v preklinickém vyzkumu je prisna akceptace
etického kodexu, eventudlni volba alternativnich metod,
zdokonalovanti jiz existujicich zvitecich modelu atp.
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the nucleus accumbens when administered acutely (Koob,
2009, Koob and Volkow, 2010, etc.).

Pre-clinical animal models represent unique screening
techniques used to explore the addictive potential of drugs
and to test new addiction therapies, as well as psychological
treatment and prevention resources that may enhance the
coping skills of drug-dependent patients. Last but not least,
pre-clinical research involving animal subjects must
strictly adhere to the relevant ethical code, seek alternative
options whenever possible, and improve the existing animal
models.

The role of the authors: Nina Pushkina conducted the lit-
erature search and the review of relevant evidence.
Magdalena Sustkovd-Fiserovd participated in the drafting
of the manuscript. Both authors contributed to the article
and approved the final version of the manuscript.
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