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ABSTRACT

It is becoming increasingly clear that the gendticdetermined program of an organism is modifirdésponse to
variable environmental conditions operating duriitg development. Experimental results from anintatlies as
well as clinical data indicate that especially theenatal and early postnatal events can initiatageierm changes
in the expression of the genetic program whichipgrer may only become apparent, later in the withial’s life.
The effects of early-life events are often viewelight of pathology, as they can increase the f@ka particular
disease. But alternatively, the knowledge concerai@velopmental plasticity may be effectivelyzgdi in targeted
programming of phenotypic properties in effort teyent the manifestation of particular disease estat subjects
with significant genetic predisposition. This revielescribes some of the basic mechanisms of dewefdpl
plasticity and its possible application in pharmémgical prevention of hypertension development aung
individuals genetically predisposed to high bloodgsure.
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INTRODUCTION

Developmental plasticity as a general adaptive phemenon in biological systems: An introduction
Phenotypic plasticity is considered as a generaptice phenomenon in biological systems reflectimg capacity
of a particular set of genes to give rise the dififé phenotype variants in response to variablér@mwmental
conditions. It partially results from the fact thall biological processes are directly subjectedpiysical and
chemical laws of the nature. On the other hanthay facilitate the evolution of adequate reactitman actual or
expected changes, to regular or irregular varighilf the environment [1].

If the phenotypic plasticity is studied in develogmtal context, it may be denoted as developmensatipity.
Generally, it is related to irreversible alteraidn gene expression that occur within particuearsgtive periods in
ontogenesis, as a consequence of perception agtatibn of specific information from the envirormé¢2, 3]. On
the level of the cell, they can permanently infloerits functional settings and may be transferceilst posterity.
Several mechanisms on the molecular level are pepdo be the basis of the described processdsding
covalent and noncovalent modifications of DNA ai&tdne proteins, which influence higher levels bfamatin
structure and thereby also the expression of thpetive part in DNA [4, 5]. At the present timbese are the
subject of intensive research — also in conneatitih specific developmental abnormalities or witie origin of
some human multifactorial diseases that reprebentdansequences of adverse interactions betwegettmne and
the environment during early ontogenesis of anviddial [4, 6].

From the mentioned facts it follows that one paitic genotype can produce several phenotype var@ithout
changes in the primary structure of DNA) and theg presence of particular environmental signaliinmte and
space is critical for this. The level of plasticitythe given organism as well as its time locdlraand duration
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within ontogenesis may be highly variable, depehaenthe species, on the environmental factor studir the
respective phenotypic trait [3]. It is possibledamonstrate it on a very general example in bigledyich is related
to the striking differences in ontogenetic procesiseplants and animals. These two groups of osgasievolved
from the unicellular ancestor; their evolutionasthps to multicellular forms presumably progressetkpendently
from each other and reflect their different lifeas¢gies [7]. Due to the existence of meristentigues, plants have
very specific manner of growth and development attarized by considerable flexibility. Extreme depenental
plasticity is evident from the number, shape anttfion of organs until to the level of individualts, where it is
expressed in the low degree of determination inr ttigferentiation. The plant cells, even thoughrge highly
specialized, are characterized by the reversildlitglifferentiated state and the ability to chattygir developmental
program, which can be associated even with theciimlu of embryogenic processes (somatic embryogenes
during extreme conditions. It reflects the uniquepgrty of plant cell — totipotency, i.e., the chitity to utilize its
whole genetic potential as necessary, dependirtheactual environmental conditions [8]. It is sapgd that such
plasticity in developmental processes is a comp@mséor the restricted possibilities in locomotiand behaviour
manifestation in plants [9].

By contrast, in most of the animals, the groundstiisdues and organs are established definitelyhén darly
ontogenesis and, especially in higher vertebrétesprocesses of cell differentiation, tissue argho formation are
under stricter control of the genome. Even thoubéh,interaction between the genome and the envieohiplays
very important role during animal growth and depatent. It seems, however, that the susceptibility o
developmental processes to be radically affecteérgronmental factors is mostly concentrated ip#oticular
limited periods of early ontogenesis (developmentéhdows), when intensive cell growth and functibna
specialization (determination of gene expressiafilg) in particular tissues/organs occurs. Durihgse sensitive
stages, most of functional systems in an organisanges from open to closed regulation circuits twvhace
controlled by many feedback mechanisms. The actalake of a given physiological parameter is fixedtlae ,set
point* — required value of the regulated systemjcWwhthen determines its functioning through the Ishlife.
Changes in some components/aspects of the envirdrdueng these periods may therefore markedlyarite the
setting of physiological functions [10].

Epigenetics in etiological context of multifactorid disorders

The results from animal experiments as well as miasens in humans show that environmental inflgsnin early
ontogenesis may have substantial impact on thehhaadl fitness of an individual as they can leadxi@nsive and
permanent modifications in its physiology and maipgy [11]. In some instances, these alteratioas! I® the
origin of various pathological stages like some ahetic, cardiovascular, autoimmune, oncogenous,
neurobehavioral, respiratory or reproductive dissas which the significant degree of epigenettedmination is
proposed [12-14]. The exact etiology of these dists, however, remains still largely unknown.

It has become evident that the developmental pseseare strongly influenced by the action of stlessnones.
Stressful intrauterine environment (e.g. during maaition of the maternal organism or hypoxia) ntuse fetal
growth restriction and premature birth [15, 16]ming of birth is controlled by the concentrationtgfpothalamic
corticoliberin (corticotropin-releasing hormone, ERand adrenal steroids in fetus; maternal contis@nd CRH of
placental origin may also be of great importancé, [18]. Intrauterine stress induces an early méturaof
hypothalamic-pituitary-adrenal axis whose hormogamponents strongly interfere with the developnienta
processes: they accelerate the tissue and orgamatianh (brain and lungs; [19]) at the expensehaf growth
processes to ensure the survival of the prematireip neonate. These reactions have an adaptivaatbain
terms of individual’s survival during its early ddgpment; however, they can also have negativeéentte on its
health state later in life [20, 21].

The increase in basal concentration of CRH in tleayentricular nucleus and plasmatic concentratibn
corticosteroids in fetus, fixed by the long-ternemaital or neonatal stress, is often connected hitlerphagia and
rapid weight gain in the early postnatal life (@atup growth®) [22]. Despite of this compensationthe body
growth, such prenataly stressed individuals haweatgr predisposition to development of some dissrde
adulthood, as hypertension, obesity or diabete$itosetype 2 [20, 22]. The combination of the loady weight at
birth and its fast postnatal increase rather miyltipe incidence of these pathological states.nretiort to clarify
the mechanisms of these developmental abnormaditiesto reveal their real adaptive value, seveutias have
tried to elaborate the theory of the fetal prograngrof physiological functions [13, 23] and thenter like |, thrifty
phenotype” [24, 25] and ,predictive adaptive resgmn[12] were coined. In this model, the developarganism
responds to the unfavourable conditions by the tiraeduction and by the permanent setting of itgspiiogy on
such level which corresponds to the anticipatedrifanal) deprivation in its postnatal life. Howew if the real
conditions of the postnatal environment are markatifferent from the expected state (e.g. at higitritional
supply), the risk of the origin of the aforementdndisorders rapidly increases [12]. Such a viewtlos
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etiopathogenesis of the majority of human multifaiet diseases also offers new possible approashdkeir
prevention, diagnostics and therapy.

The knowledge concerning developmental plasticitg programming of phenotypic properties may behtrt
effectively utilized in prevention of disease deghent in individuals with significant genetic pigabsition. It

means that the proper intervention (nutritionalanpimacological, behavioral) applied during the eanyogenesis
can lead to such a setting of the structural andtfonal parameters which may decrease the clim@aiifestation
of the genetically determined pathological staterlan life. This may also raise the quality ordémof life in such
individual. The described idea of phenotype modgeBnpposes the detail knowledge of developmentdbddpy of

the studied object with focus on its early ontodiengrocesses and on their alterations in indivisipae-determined
to the development of the specified disease.

Prevention of genetic hypertension development byharmacological intervention during early ontogenett
stages

Essential hypertension is a typical multifactodédease in which the interaction between suscéiptilgienes and
environmental factors is intensively studied [26¢veral animal models with genetic predisposit@hytpertension
are used for this purpose. Particularly utilizedthe model of spontaneously hypertensive rats (SHR)the
pathogenesis of hypertension in these animalséhasa common traits with human essential hyperen27, 28].
In young rats with developing spontaneous hypeibensthe parallel increase in the arterial resistarand
cardiovascular hypertrophy are observed, whichnaost intensive just during the phase of the rapitéase in
blood pressure that is situated into the periogveen &' and 18' week of their life. It is assumed that the proper
antihypertensive treatment during this developniepit@se of SHR may have preventive effect not amythe
pathological elevation of their blood pressure &lgb on the hypertrophic processes in the cardawas system.
One can expect that in older animals with estabtishypertensive disease it is rather difficult taluce the
regression of structural alterations in the head @essel system that have developed as a consexjoklong term
influence of increased blood pressure on the ceadicular system [28, 29].

Recently, we have studied the effectiveness ofouariantihypertensive substances in two early phases
hypertension development in SHR. The selected dugye administered to these rats during the pesaideen %

and &' week (early phase of rapid blood pressure elewptiad between"8and 12" week (late phase of rapid blood
pressure elevation) of their life.
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Figure 1. Effect of treatment with various blood pressure-dereasing substances — melatonin, quercetin, and
nifedipine — on blood pressure elevation during twatages of hypertension development in spontaneowusl|
hypertensive rats (SHR).OP<0.05; ++ P<0.01[IT{+++)(###) P<0.00¥s. SHR

Figure 1 shows that melatonin — an endogenous hwrmovolved in the circadian regulation in mamm@ikich

has also an important blood pressure-decreasifgctef when applied exogenously in pharmacologittaes, it
partially prevented hypertension progress in bagh groups of rats. The magnitude of its effect wexry similar to
that observed in established hypertension [30]. firfteng that antihypertensive effect of melatotrieatment is not
more pronounced when applied during the earliegestanf hypertension development in SHR may bee@lti the
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fact that in juvenile rats the endogenous melatgnoduction is probably higher than in the oldenugy [31]; this
can avoid the more intensive action of melatonigealdexogenously into the young organism.

The another substance used was quercetin, a natlanal flavonoid mostly known for its potent antidant
properties. In our experiments, it did not influente development of hypertension in its very eathge but
significantly decreased blood pressure incremergnadipplied to the older group of SHR, in which higesion
was already partially evolved (Figure 1). The coniction of conjugated dienes in left ventriclestis, as a marker
of oxidative damage, was also reduced only in SHfated between"8and 13' week of life [32]. Considering
predominantly the free radical-scavenging actiomuédrcetin, we can indirectly presume from our Itssthat the
higher production of reactive oxygen species mayphay a role in initiation of hypertension in SHRit it may
contribute to its further progression in later gy@nesis.

The most considerable effect in prevention of plaitical blood pressure increase in SHR was seeimglihe
treatment with nifedipine, one of the dihydropynidicalcium channel blockers, representing an irapbgroup of
drugs frequently used in the therapy of human hgpeive states. We found that in both examinedestaf
hypertension development, nifedipine preventedetbgation of blood pressure over its initial leyete percentual
decrease of blood pressure values being slightlepoonounced when it was administered to rats detv' and
12" week of age, i.e., when their blood pressure wasdy pathologically increased (Figure 1). In thiger group
of SHR, nifedipine was also more effective in ameltion of vascular function, which was evidennfrourin vitro
measurements [33]. These results partly confirm fihdings of other authors which demonstrated ttiee
antihypertensive effect of dihydropyridine calci@mtagonists is in the positive correlation with thigial level of
blood pressure, which is directly related to theeleof membrane potential and to the function dfage-dependent
calcium channels in vessel smooth muscle cells [34]

These observations suggest that various hypotertiivgs, which are successfully used in the treatnaén
established hypertension (in experimental as welinaclinical conditions), may not be equally effee when
applied during the process of early blood press&legation in young individuals with developing hyfeasion.
Certainly, this effect is largely dependent onway of their action and it is possible to use thiperimental design
to explore which regulatory mechanisms are involuedhe pathological blood pressure rise in thetipalar
developmental period. On the other hand, our pteder@sults compare the antihypertensive effectaeftelected
drugs only at the end of their administration imtstages of the early ontogenesis in SHR. Althougthave shown
that in this way it is possible to slow-down theselepment of hypertension in young SHR, some furstedies are
necessary to investigate whether the describechpketic effects persist also after the finishingtioé drug
administration, and particularly to assess thelt@sueffect of the respective treatment on theltathrdiovascular
phenotype. For example, the permanent decreasead pressure in SHR or in Prague hypertensivehassnever
been observed after the brief therapeutic intefeantusing calcium channel blockers [35, 36]. In tcast,
preventive treatment of young SHR with drugs afferthe renin-angiotensin system (inhibitors of iatensin-
converting enzyme; antagonists of Afeceptors for angiotensin Il) may have prolongegh@manent effects on
their cardiovascular function [37-39]. When the sakind of therapy was applied to animals older th@rnweeks,
despite the apparent reduction of blood pressurimglthe active therapy, this effect was not obsdrafter its
interruption [39, 40].

Conclusion and future prospects

The aforementioned results can be considered asvidence that during critical developmental pesitite proper
pharmacological treatment of rats, genetically mgaked to hypertension development, may have lastgig

beneficial effect on their cardiovascular phenotypke described findings are mostly from the are¢éhe basic
research and do not provide the immediate readisatiutputs in the clinical praxis, but they mayngigantly

influence the evolution of new therapeutic stragsgalso in human subjects which are at high riskutire

hypertension. It is obvious that in human medicihe, non-pharmacological attempt (mainly in terrhdifestyle

changes) is preferred to prevent cardiovasculaadis and mortality in patients whose blood presgalges are
getting close to the lower limit of the hyperteresiange. More studies are needed to assess tlugsedfedifferent
pharmacological drugs in prevention and treatmémuonan hypertensive state, also in connection tighsafety
and cost-effectivness of such interventions, andetermine whether particular drug classes are mifeetive than
the others. At the same time, further experimeritis animal models of hypertension could also be enacbrder to
contribute to the basic biological knowledge altbetfunction of the living systems and the posgied of targeted
modification of their properties during the earbvelopment.
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