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We present the main results of the study and justification of our opinion on the role of dopamine (DA) retrograde transfer
in the cavernous sinus in the regulation of the dopagimébDArgic) system activityWe are convincedhat under
physiological condition®A - which is continuously retrograde transferred in the cavernous sinus from venous brain
effluent to arterial blood supplying the brain and carried by the arterial blood to endothelial cells and perivascular
astrocytes of striataDArgic cell groups - can inhibit dopamine transporter {IPA&xpression by a down-regulation
mechanismA new concept of the genesisDArgic system dysfunction with involvement of DAtrograde transfer in

the cavernous sinus is present®d suggest that futureesearch that aims to explathe genesis of hypo- or
hyperfunction of theDArgic system, andArgic system dysfunction causing Parkinsowlisease, attention deficit
hyperactivity disorder (ADHD), schizophrenia, and many other psychiatric disordersinwvalse two areas: 1) the
cavernous sinus, where D#\taken up, and transferred from the venous blood of the cavernous sinus to the arterial blood
supplying the brainTo regulatethis procesgpharmacologicallyunderstandinghe mechanism aneixplanation of what
determines its course necessary2) brainDArgic structures, whose activity is regulated primarily by the action &f. DA

It is essential to clarify whether the expression of th& BAegulated directly bipA reaching the presynaptic membrane

or by any factor secreted by specific perivascular glial cells (astrocytes) under the influencaraf DAmetabolites.

Key words:dopamine, dopamine transporter, dopaminergic system, retrograde transfer, cavernous sinus, hypothalamus,
hypophysis

INTRODUCTION regulates the expression of DA16-18). If the retrograde
transfer of DAIn the cavernous sinus occurs under physiological
Thedopaminegic (DArgic) systemand theneurotransmitter  condition over the whole lifetime, the uptake and transport of
dopamine DA) areresponsible fomanybasicbody functions, DA to the capillarieof the cortical and limbic structuresiust
such as motivational and emotional behavior of humansand have an important regulatory function
animals control of involuntaryas well agapid motor function, Therefore, it is surprisinthat in the 2% century the era of
and neurosecretionassociatedwith the rhythm of light, molecular study and great progress in research on the
biological clock, andreproduction(1-5). DAIs also involved in  physiology of humans and animalsyascularcomplexlocated
cognitive processes, such as functioning of a working memoryn a very privileged position - inside the skull but outside the
(6), and dopamine transporter (DY contributes to homeostatic dura materlying just beneathand around thepituitary gland
sleep-wake regulation in humans (7). specifically innervated by the sympathetic plexuses,
Great interest in th®Argic system in humans primarily surrounded by a connective capsule, and through which the
results from the fact that dysfunctions of the system, i.e., hypotrunks of 10 cranial nerves pass - is recognized as a structure of
or hyperfunction, result in serious neurological disorders, suclincredibly low physiological significanceAccording to
as:ADHD, which ismost common ityoung peoplegepression, Simoenset al. (19), in antiquity Herophilus and Gallen
present in people of all ageschizophrenia in adultsand  describedanunusualconvolutionof veinsandarterieslocated
Parkinsors disease in older peop(@-11). The genesis of these at the base athe brain of animals, now called the miraculous
diseases is still poorly understood, but a relationship betweenetwork (rete mirabile), andeonardo d&/inci was delighted
activity of the DArgic system and function of the cavernous with the vascularplexus. The scientific description of the
sinus has never been considerdtt know today that, in the cavernous sinusy humanswas presentetbr the first timein
cavernous sinus, Dfamong many other neuransmitters) is  the 18" century bythe neuroanatomisi.B. Winslow (20). The
countercurrent, retrograde transferred from the brain venousvascularplexus is callednowadaysby physiologistsas the
effluent into the arterial blood supplying the brain (12-15). It hasperihypophysealvascular complex (14). We present the
been established that DAst like other DA substratesjown- opinion that in both humans and animals the retrograde transfer
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of DA in the perihypophyseal vascular complex, andre
precisely in the cavernous sinus,involved in the regulation
of theDArgic system activity

DOPAMINE TRANSPORERAND ITS ROLE
IN REGULATION OF THE DOPAMINERGIC SYSTEM

There is a consensus that #aivity of DArgic neuronds
primarily determined byhe action of DA, locatedmainlyin the
membrane ofthe presynaptidArgic neuronand efectively
actingin theDArgic synaps€21-26. DAT belongs to the family
of neurotransporter proteinf transports DAthrough the cell

mesocorticaDArgic pathways are formed (5). Gonadal steroids
modulate the mesocorticBIArgic system (31)DA released in
the DArgic neuronsof the hypothalamusacts on neurons
synthesizing hypothalamic neurohormones. In addition, it
penetrates thportal vessels,eachedhe adenohypophysiand
from thereis transportedvia the venous bloodgets tothe
cavernous sinusPioneering research on D&ansfer from
venous blood of the cavernous sinus to #réerial blood
supplying the brain was performed on shgég, 13) and
recently on rabbits (35

DA released into theynaptic cleftacts onthe postsynaptic
neuronsvia specific DArgic receptorswhich belong to the G-
protein-coupled membrane receptor famiBAT removes the

membrane with engy from the electrochemical gradient of extracellularDA from the synaptic clefback into thesynaptic
Na*/Cl- (27). Recently a growing number of proteins have been flask, which not only reducesDArgic stimulation, but also
shown to interact with DR and it is suggested that these reduces theynthesis andtorage of the DAn the synaptidlask
interactions may be important in the regulation of transporteresicles; this is theeuptake andetrograderansferof DA (23-

function (3). Phosphorylatiorand oligopolymerizationhave a
significant efecton the activityof DAT molecules (328-30).
Major concentrations ofDArgic cell groupslay in the

25). DAT function can also be regulated by presynaptic receptor
ligands (17). Removal of DRdramatically prolongs the lifetime
of extracellular DA.In mice with a genetically determined

midbrain structures, such as the substantia nigra (A9), thabsence oDAT, thetime of DA residence in the synaptic clést

interpeduncular nuclei, and the ventral tegmental &d®).
Two important DArgic cell groups (A12, A15) lie in the

extended by 300-fol@lL, 32). Extracellular DAevels result from
a dynamic equilibrium between its release and reuptake by

hypothalamusAxons of theDArgic neurons located in the DArgic terminals (25, 26). Psychostimulants, such as cocaine,

midbrain project to th®Argic forebrain nuclei, and terminate in

increase extracellular DAconcentration by inhibiting the

the striatum, the amygdala, the olfactory bulb, and thereuptake of DA33-35).The presence @AT was also showin

hypothalamus (24). The nigrostriatal, mesolimbic,

and the membrane adendritesandaxonsof DArgic neuronsn the
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Fig. 1. Scheme othe cavernous sinusccurringin human rabbit, rat, andmany other species without of rete mirabile of internal

carotid artery in the cavernous sinus: (1) infundibulum-neurohypophysis; (2) adenohypophysis; (3) cavernous segment of internal

carotid artery; (4) intercavernous artery; (5) midle hypophyseal artery; (6) superior hypophyseal artery; (7) long portal veins.
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midbrain (34). Excessive concentrations of DM the (ruminants, pigs), the cavernous sinus is filled with a veno-
nigrostriatal neurons lead to formation of toxic hydroxyl venous network intertwined with an arterio-arterial network of
radicals, and in the next stage of alpha-synuclein prdiha- the internal carotid artery or the network of the maxillary artery
synuclein is a 140-amino-acid protein that forms a stablgcarotid or maxillary rete mirabijgFig. 2).

complex with DA, which causes formation of the Lewy’ The cavernousinusis filled with venousblood outflowing
bodies and is typical for Parkinsendisease degeneration of from thebrain and pituitaryand in part from the nose and eye.
neurons (8, 25, 36). In the cavernous sinus of humans, rabbits, mice, rats, and many

other species, the walls of the cavernous sinus veins are
transformed into a fibrous trabecule allowing for free, though

PERIHYPOPHYSEALCAVERNOUS SINUS slowed down, flow of the venous blood. From the \seiwall
AND DOPAMINE RETROGRADETRANSFER layers, only the endothelium remains, which directly covers the
wall of the cavernous segment of the internal carotid ardey
Sructural features of the cavernous sinus anterior and posterior bends of the intercavernous interna carotid

artery (38).In humansthe cavernous segment thfe internal

The cavernous sinus is an irregular cuboidal structure that isarotid artery(T-6) loses théaminaelasticaexternaandlamina
localized around the pituitary gland, lateral to the sella turcicaelasticainterna layers (39). In rabbits, mice and rats, age-related
In humans and all animals, theftland right cavernous sinuses changes in the size and number of pores in the lamina elastica
are connected together by the intracavernous sinus. In humansterna, afecting the permeation of dérent molecules through
rabbits, rats, mice, andthany carnivoreshe left and right the walls of vessels, were shown (40-4Zhe abovedata
internal carotid arterywhich provides the main supply of the indicate that in humansand laboratory animalspnly four
arterial blood to the brain, passes through the left and rightascular layers separaitge venous bloodandarterial blood. In
cavernous sinusedn humans, this segment of the internal many species of ungulates (ruminants, pigs), the tunica
carotid artery was identified as a segmentT6f (cavernous adventitiaof veins andarteries in the cavernous sint@mbines
segment of the internal carotid artery) (3¥he left and right in acommontunicaadventitia(43) and the inner muscular layer
cavernous segments of the internal carotid artery are connected arterioles is reduced to 3-5 layersrafscle cell§44).Venous
by anterior and posterior bends of the intercavernous interndilood is separated from the arterial blood by five or six relatively
carotid artery (38) Kig. 1). In many species of ungulates thin vascular layers.
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Fig. 2. Scheme of the cavernous sinus in animals with rete mirabile of maxilary artery or rete mirabile of carotid artery (sheep, pigs,
bovine and other speciesAitiodactyla).

(1) infundibulum; (2) neurohypophysis; (3) adenohypophysis; (4) inferior hypophyseal artery; (5) middle hypophyseal artery; (6)
superior hypophyseal artery; (7) long portal veins; (8) inferior hypophyseal veif) (&iious connections to the cerebral sinuses.
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Innervation of the cavernous sinus and its meaning

The unique featuref the cavernous segment of tirgernal
carotid artery (T6) is its wall, which haa dense network of
sympathetic fiberghat form a sympathetic carotid plexus.

2). A functionallink between th@ervesand thecavernousinus
has not been identified. Howeyér should beemphasized that
Johnstonet al. (46) demonstratedhat chemicals could move
from the cerebrospinal fluidnto the cavernous sinusong the
cranial nervesWWhen microfil (silastic material) was infused into

similar sympathetic cavernous plexus is found on the wall of théhe subarachnoid space (cisterna magna) in sheep postmortem, it

cavernous sinus. Both plexusasginate from the sympathetic
upper the cervicaganglionand the sphengalatineganglion
(Vidian nerve)38, 45) Fig. 1 andFig. 2). Moreover tentrunks
of the craniahervepassalong thecavernous sinu©n each side
the cavernoussinus passthe oculomotomerve (cranial nerve
Ill), the trochlearnerve (n. IV), the maxillary nerve and the
ophthalmic nerve,v¢hich arebranches othe trigeminalnerve:
nsV; andV,), and theabducenserve(n. V1) (Fig. 1 andFig.

was found in the space surrounding the venous network of the
cavernous sinus and within epineural and endoneural spaces of
the trigeminal nerve, as well as in lymphatic vessels gmgr
from epineurium of the trigeminal nerve (46yid. 3). We
present the opinion that cranial nerves Ill, W, V,, andVI -

which originate from midbrain neurons aedit the midbrain

and pass along the cavernous sinus - may participate in the
transmission of DArom the midbrain to the venous blood of the

Fig. 3. Transfer of yellow Microfil
into the cavernous sinus after its
injection into the cistern magna
(reproduced with permission of
authors from Johnstonet al.
Cerebrospinal Fluid Res, 2007).

(A) Coronal section illustrating
yellow Microfil distributed around
the pituitary gland and within the
cavernous sinus. (B) Cut surface of
the trigeminal nerve (dashed circle)
adjacent to the cavernous sinus (CS)
showing yellow Microfil distribution
within the nerve. ¥mphatic vessels
(white arrows) containing yellow
Microfil can be seen emging from
the epineurium of the nerve.
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cavernous sinusThe penetration of the DAlong the cranial of telemetric methods showed that under physiological
nerves from the midbrain into the cavernous sinus is stronglgonditionscountercurrenheat exchanga the cavernous sinus
suggested by the following data: has no special significance protecting the brain from
- extracellular DAvolume fraction is greater by 40%, and overheating49-52).
DA uptake rate is 200-fold lower in substantia nigra A completely new view on the function and physiological
(midbrain) vs. striatum (34); significance of the cavernous sinus was caused the discovery
- our recent pilot studghowed that when radiolabeled DA that neuropeptidegneurotransmitters), as well as other
was infused for 20 minutes into the ventral tegmental arephysiological regulatorsmay permeatethe perihypophyseal
in the bled rabbit, the radioactivity was found in the vascular complefrom the venous bloodf the cavernous sinus
cavernous sinus 30 minutes after the end of the infusiorfvenousoutflow from the brainand pituitary to the arterial

(unpublished data). bloodsupplyingthe brain. 8idies on isolated pig heads supplied
with their own blood through the carotid arteries showed that
Physiological functions of the cavernous sinus after infusion of radiolabeled gonadotropin releasing hormone

(GnRH), beta-endorphin or progesterone to the cavernous sinus

Physiologicalstudieson the function of the cavernous sinus (through the angular oculi vein), these hormones were found in
have been undertaken in the 1976minly in the works of the arterial blood supplying the brain and pituitary (58).
Hayward and Baker (47, 49. It was established that arterial determine whether a mixing of the venous and arterial blood can
blood flowing to the brain is cooled by the cold venous bloodoccur in the cavernous sinus, autologous red blood cells labeled
flowing from the nose to the cavernous sinlike proposed with radioactive chromium?{Cr) and suspended in saline were
countercurrent exchange of heat between the arterial ret@fused into the cavernous sinus through the angular oculi vein.
mirabile and venous blood of the cavernous sinus was acceptéd none of the experiments wa&r radioactivity found in
by physiologists and widely publicizedHowever in recent  arterial blood supplying the brain (53).
decades, previously used methods for the temperature In further studies on the isolated animal heads perfused with
measurement have been criticized, and the new findings with usautologous blood, o vivo on anesthetized animals, it was
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demonstrated in swine and sheep that after infusion into thperformed by Koziorowski and co-workers (64) showed that CO
cavernous sinus, radioactive neurotransmitters sucBné’H production in the eye depends on the intensity of natural light
(54, 55), oxytocin (56) DA12, 13), and beta-endorphin (57), reaching the retina, and its concentration in the venous blood
these radioactive neurotransmitters were found in arterial bloodutflow from the eye varies depending on the time of day and the
supplying the brain and pituitarZhenprogesterone, estradiol, season, and thus confirmed the Osemypothesis. Moreovein
testosterone, and male pheromone androstenol were injected int@perimentgperformed on animalst has been showthat CO
the nasal cavitythey reach the cavernous sinis the angular  introduced intdhe cavernous sinugached theuprachiasmatic
oculi vein and were found in arterial blood supplying the brainnuclei and altered the expression of the mdiiological clock
and pituitary as well as in many brain structures (58-61). geneger andcry, whichregulatecircadianandseasonatycles
However prolactin (PRL) and luteinizing hormone (LH) were (65). Therefore, it was proved for the first time that the CO, a
not retrograde transferred from venous blood of the cavernoushysiological regulaterwas transmitted from the venous blood
sinus into arterial blood supplying the brain (62). of the cavernous sinus to the arterial blood and influenced the

The discovery of local retrograde and destination transfer oprocesses taking place in the specific brain structiités led to
regulatory factorpointed to goreviously unknown function of the conclusion that retrograde and destination transfer of
the cavernous sinus the humoraphysiological regulatiol4). hormones and other physiologically active substances may be an
It demonstrated the possibility of the local retrograde transfer ofiniversal physiological regulatory mechanism, operating with
neurotransmitters from the venous brain outflow to the arteriabnly minor modifications in various species of animals and in
blood supplying the brain, as well as showing that the cavernousumans (14).
sinus played a significant role in the local destination transfer of
priming pheromones that permeated from the venous blood
outflowing from the nose into the arterial blood supplying the RELATIONSHIPS BETWEEN DORMINE RETROGRADE
brain (14). TRANSFER INTHE CAVERNOUS SINUS

In 1996, D.A. Oren presented the hypothesis of AND FUNCTION OFTHE DOFRAMINERGIC SYSTEM
phototransductiomia the humoral pathway with participation of
the cavernous sinugccording to this concept, the eggrof Retrograde transfer of dopamine in the cavernous sinus
visible light stimulates production in the retina (from the hem) of
a neurogenic regulatocarbon monoxide (CO), which in the Pioneering research on thefest of DA retransfer in the
cavernous sinus permeates into arterial blood, and after reachimgvernous sinus on the activity of Oyl nucleiAl5 of the
the brain causes several changes in its activity @8.study  hypothalamus was performed in 2001-2004 (12, 13). It has been
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Fig. 5. The concentration of radioactivity in the brain arterial blood in the experiment with infustbh@A into right cavernous
sinus of the rabbit isolated head perfused Wiéimseleit-Krebs biéér solution mixed with homologous blood in a 3:1 raffduszak

et al. J. Physiol Pharmacol 2014, with permission).

(A) Mean (x S.E.) concentration of radioactivity in blood samples collected from sabtath basal artery during and after infusion
of 3H-DA. (B) Thedynamic presentation of radioactivity blood samples collected from rabbibrain basal artery during and after
infusion of3H-DA.
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shown that a few minutes after the introduction of radiolabeleclucidated|t is hard to believe that it is done exclusively on the
DA to the cavernous sinugi@ the angular oculi vein), DAvas basis of the concentration gradiefitblocking of Na K+ ATP-
present in the arterial blood supplying the brain. Moreaer  ase with oubain administered into the cavernous sinus reduces
influence of the season (spring, winter) on the intensity of thébeta-endorphin countercurrent transfer from venous blood of the
transfer of DAfrom the venous blood of the cavernous sinus intocavernous sinus to the arterial blood supplying the brain (55).
the arterial blood supplying the brain was demonstrated (12)The presence of LH/hCG receptor mRNanscripts in the walls
Using an isolated sheep head perfused with autologous blooaf both arterial and venous compartments of the cavernous
and radiolabeled or cold Dixfusion, the transfer of DAom sinus-carotid rete complex was demonstrated. It suggested that
venous blood of the cavernous sinus to the arterial bloodlH could modulate GnRH transfer acting directly on the
supplying the brain was studied (13)ansfer of DAby a  vascular smooth muscle (55).
countercurrent mechanism in the ewe changes with seasons and Lack of LH (30 kDa) and PRL(23 kDa) permeation,
endocrine stage. Data compiled from Skipbal. (13, 14) are  together with earlier findings regarding the permeation of DA
presented irfFig. 4. (0.19 kDa), testosterone (0.19 kDa), progesterone (0.32 kDa),
The studies performed by Skipairal. (13, 14) were focused oxytocin (1.0 kDa), GnRH (1.2 kDa) and beta-endorphin (3.4
only on the impact of DAnfusion into the cavernous sinus on kDa), suggest that the molecular mass of the hormone may be a
the secretory function of the hypothalamic neurons associateshajor factor determining the transfer of hormones in the
with reproduction in sheefgo far no studies have been carried cavernous sinus (62).
out onthe influence of the retrograde retransfer of DAthe Pharmacological studies on chromium (lll) chloridéeef
cavernous sinus on hypo- and hyperfunction of striatalgiZAr on monoamingyic system in mice indicated that the
neuronsThe morphological structure of the cavernous sinus inantidepressant-like activity of chromium was dependent on the
sheep (Artiodactyles) dérs significantly from the structure of noradrenagic as well as dopamirgic and serotonin systems
the cavernous sinus in humans. Howewerery close similarity (66). Extremely rich adrengic innervation of the internal
in morphology of the cavernous sinus in humans and rabbitsarotid artery cavernous segment (44, 45) suggests the presence
directed an interesttoward the transfer of DA in the rabbit of significant expression of the extracellular norepinephrine
Recent studies on Dt#ansfer in the rabbit have shown that DA transporter (NET) in the arterial wallhe transporterwhich
could penetrate the cavernous sinus from the venous blood of thelongs to the family of monoamine transporters, can transport
cavernous sinus to the arterial blood supplying the brain, and DAoth norepinephrine and D{@&7). Therefore, thejuestion arises
and its metabolites reached many structures in various areas whetherNET is involved in the transport of Dhrough the
the brain, including the cortical and subcortical regions (15)arterial wall of the cavernous fragment of the internal carotid
(Fig. 5 andFig. 6). artery and whether it is possibl¢hat this influences the
If DA is retrogradely transferred from the brain venousretrogradetransferof DA? The clarification of this question
effluent to the arterial blood supplying the brain in the rabbit, incould be of great practical importance, since some
which the cavernous sinus morphology is very similar to that irpharmacological agents that locally regulate fmeation and
humans, we can suggest that theB#ograde transfer may also retrograde transfer might exist, and in this wine activity of
occur in humans. the DAmic system in the subcortical and cortical areas of brain
might be regulated.
The mechanism of neurotransmitter transfer in the cavernous
sinus Dopamine influence on the activity of the dopamine transporter

The mechanism of transfer of DA, and other DA enters the cavernous sinus with venofisiefit from the
neurotransmitters from venous blood of the cavernous sinus toypothalamus and pituitar{fowever a lage part(about 65%)
arterial blood of the internal carotid artehas not been of dopamine permeating in the rabbit cavernous sinus to the
arterial blood reaches the brain with arterial blood already in the
form of metabolites (15)Dopamine metabolismhas been
extensivelystudied formany years (25, 26, 34, 68-72). the

2500+ striatal astrocytes, Dfay be converted to metabolites, such as
* dihydroxyphenylacetic acid, methoxytyramine and homovanillic

2000 —— CONTROL acid by enzymes: monoamine oxydase (MAO) and catechol-O-
methyltransferase (COMT) (blood-brain barrier action) (68-70).

EXPERMENTAL COMT operates in astrocytes but there is no its activity in

DArgic nigrostriatal neuron§68-69). Age-dependent estrogen
concentration may influence the activity of CONVD).

DA uptake in vascular epithelial cells is the first step of the
blood-brain barrier system that protects neurons from entry by
DA. When radioactive DA(H-DA) is infused into the rabbit
cavernous sinus, the ¢gst uptake ofH-DA (3H-DA/mg) is in
the vasculature of the pia matém comparison to other brain
structures Fig. 6). Receptionof DA by astrocytesacts as the
1 2 3 4 5 6 second stepf the blood-braitbarrier Striatal astrocytesantake
up DA as well ad.-DOFA which is therapeutically &acious in
Fig. 6. Accumulation (mean = S.E.) of radioactivity in some patients with Parkinsos'disease and other hypofunctionings of
brain structures after infusion 8H-DA into right cavernous the DAmic system (70). Primary cultured striatal astrocytes
sinus of the rabbit isolated head perfused \vi#inseleit-Krebs  (expressed aromatic amino acid decarboxylase) convert LADOP
buffer solution mixed with homologous blood in a 3:1 ratio: (1) to DA (71). In striatal astrocytes, DA metabolized quickly
pia mater; (2) pons; (3) ventral tegmental area; (4) mammilaryhile L-DOFA relatively more slowly (69). Howeveadespite DA
body; (5) hipocampus; (6) corpus striatum. (Musealal. J. metabolization, the striatal astrocytes (continuously supplied by
Physiol Pharmacol 2014, with permission).
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Fig. 7. Diagram of theabbit brain with marked areas the striatumand cavernous sinus in normal physiological condition and in
hypofunctionof the DAmgic system:

Left side of the figurenormal physiological condition: (A) Magnification of the cavernous sinus with marked course of the cavernous
segment (segmeiiit) of the internal carotid artergympathetic innervation, and cranial nerves which take their origin in the midbrain
and pass throughout the cavernous sinus. High concentration of &#erial blood, due to its retrograde transfer in the cavernous
sinus, is transported to the brathi¢k blackarrows). (A-1) Magnification of portion of the striatum: - continuous inhibition oT DA
expression by DAsupplied from the cavernous sinus) by the down regulation mechanismic#napse with limited expression

of DAT in membrane of the nigrostratial neuron: (1) nigrostratial neuron; (2) astrocytes; (3) endothelium of capillarifivessel.
supply of DAregulating expression of DAis marked withthick dark red arrow

Right side of the figurehypofunction of dopamingic system (in Parkinso'disease or other hypofunction) (B) Lack or limited
retrograde transfer of D the cavernous sinus results in low concentration otfAsported with arterial blood to the brain (thin
black arrows). (B-1) Lack or limited inhibition of OAexpression by DAy down regulation mechanism (thin dark red arréw)igh
expression of DA in the nigrostratial neuron.



DA retrograde transfer from cavernous sinoghtain in their
cytoplasmfree particles of DAor a period of timeThe striatal
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the cavernous sinus along the endoneurium and perineurium
of 10 trunks of five cranial nerves (lll, JW4, V,, VI). These

astrocyte cell membrane contains receptors, channels anterves originate from the region of the midbrain in which the
transporters for neurotransmitters involved in astrocyte-neurogoncentration of DAgic neurons and the concentration of
transmission (72-74)\Ve think that thencreased concentration extracellular DAis lamgest. The changes in the retrograde

of DA in the cytoplasmof astrocyteseven for a shortime,

transfer activity in the cavernous sinus - age-dependent and

facilitates the permeation &A molecules (molecular mass 0.19 regulated by the hormones may be the primary cause of

kD) through theastrocyte cell membrane and Ddiffusion

dysfunction of the DAgic systemA new concept of DAgic

towards DAgic synapse, according to gradient concentrationfunction and genesis of its dysfunction with involvement of
This results in increased D&oncentration in the area of the DA retrograde transfer in the cavernous sinus is presented in

DArgic synaptic cleft andinding of the DAwith receptorsand
DAT. An effective DAradius after quantal release is 2 um for the
activation of low dinity DA receptors and 7 — 8 pm for high
affinity receptors (34).We conclude that DAjic activity is
regulated by the extracellular concentration of l@gulting from

a dynamicequilibriumbetween itselease andptakein DArgic
terminals(25) as well as from its constant supgipm striatal
astrocytes into tharea aroundArgic synapsesA number of
experiments support the idea that expression of B&ivity is

Fig. 7.

SUGGESTIONS FOR FUTURE STUDIES

The data presented above suggest thaearch aimed to

explain the genesis (including the age) of the hypo- or
hyperfunction of the DAgic system, and DAyic system
dysfunction causing ParkinsendiseaseADHD, schizophrenia

regulated directly by interaction with their substrates. Briefand many other psychiatric disorders, should consideareas:

repeated periods of DAxposure or DAand amphetamine
treatments down-regulate activity of DA Experiments
performed in anin vitro model andin vivo documented that
prolonged exposure to DA, amphetamine or tyramine, greatly
reduced DA function. Frequent(every 2 min) applicationsf

DA in ratschanged the parameterstle clearance ddA, which

was accompanied by profound down-regulation of DAT
function(16). In another stugyhe function of DA was reduced

by DA and amphetamine, and was enhanced by cocaimen

they were used at appropriab®ncentrations or doses (17).
Down-regulation of DA function was also demonstrated after
DArgic neuron lesion (18). Based on these results and data from
our earlier studies, we suggest that under physiological
conditions,a continuous supply dDArgic terminal region by
retrogradely transferred DAvay inhibit the expression of OA

- the cavernous sinus, where ¥aken-up, and transferred
from the venous blood of the cavernous sinus to the arterial
blood supplying the brainTo regulate this process
pharmacologically understandingthe mechanism and
explanation of what determines its couisaecessary

- brain DAmic structures, whose activity is regulated
primarily by the action of DA | t is essential to clarify
whether the expression of the DA regulated exclusively
by extracellular DAor by DA metabolites reaching the
presynaptic membrane, and any factor secreted by striatal
astrocytes under the influence of D#etabolites.
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physiological regulatory mechanism. It is also likelyt it should
be proven in further studiegshat DA metabolite or active
substances inhibiting the expression of TDfproduced in
astrocytes under the influence of DAetabolites), may be
released in perivascular striatal astrocytes.

Because the inhibition or increase of DActivity by
retrogradely transferred Di& a chronic process, we suggest that
short-term therapy by administration of-DOPA will not 1.
effectively remove disturbances in dopamirgic system
activity. Therefore, the mechanism of physiological permeation
of DA from venous to arterial blood is a very important step in
the regulation of DAgic system function and it should first be 2.
understoodWe suppose that in the future, this first basic stage
of the mechanism for Dpermeation in the cavernous sinus may 3.
be easily pharmacologically regulated.

We conclude that DAis continuously retrogradely 4.
transferred in the cavernous sinus by a countercurrent
mechanism from the venous blood of the cavernous sinus into
the arterial blood supplying the brain.

We present the view that in animals and humans,gi2Ar 5.
activity may be regulated depending on the intensity of DA
retrograde transfer from the cavernous sinus over the whole
lifetime andcanhave an impaacbn the occurrence dfs hypo- 6.
or hyperfunction. We suggest that under physiological
conditions, DA - continuously retrogradely transferred, and
carried by the arterial blood from the cavernous sinus to
endothelial cells and perivascular striatal astrocytes - inhibit th&.
expression of striatal DRAby a down-regulation mechanism.

Many data indicate that DAeaches the cavernous sinus
with venous brain éfuent, and suggest that it also moves to

and Higher Education in 2014.
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