CHAPTER 2

LITERATURE REVIEW

Brimonidine tartrate, 0.2% ophthalmic solution (Alphagan®) is a relatively

selective alpha-2 adrenergic agoni chemical name of brimonidine tartrate is 5-

line L-tartrate. It has a molecular
soluble (34mg/ml) with pH of 6.5.
The molecular formula.is=€7iH;, 4 hemical structure is shown in
figure 2.1. Brimonidin€ is#Dréserved in benzalkomium chloride (0.05 mg). It is

piding’ and” . Tt.is more lipophilic and alpha-2
selective than apraclonidir ‘ i 200 \\\\ ular hypotensive effect occurs
at two hours post-dosi ' " \ on of a 0.2% solution, plasma
concentrations peaked withi _ ‘ ~\- - ined with a systemic half-life of

approximately 3 hours (2

) Clonidine
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Figure 2.1- the chemical structure of brimonidine in compare to clonidine and

apraclonidine.



Acheampong et al. (1996) studied in vitro metabolism of '*C-brimonidine in
rat, rabbit, dog, monkey and human liver fractions. In vitro metabolism with rabbit
liver aldehyde oxidase and human liver slices, and in vivo metabolism in rats were
also investigated. The hepatic and urinary metabolites were characterized by liquid
chromatography and mass spectrometry. Hepatic oxidation via hepatic aldehyde
oxidase of brimonidine to 2-oxobrimonidine, 3-oxobrimonidine and 2,3-
dioxobrimonidine was a major pathway in all species studied, except the dog whose
were. ”’ dehydrobrimonidine and  5-bromo-6-

prominent metabolites

guanidinoquinoxaline. Th extensive hepatic metabolism of
brimonidine and provid idence f'r al@dase involvement in brimonidine
i ic brimonidine metabolism for

metabolism. There

example in dogs, ent in hepatic aldehyde oxidase

activity.
Clinical applicati

Glaucoma accoun fo ap) of blindness worldwide and is the
leading cause of 1rrever51ble Ol defined as an optic neuropathy that leads
to optic nerve tlSSﬁ loss md'ﬁ/i'e" iomof the nerve head (McGhie,
2001). Gelatt (200 J)-stated tha diseases of changes, and the

glaucomas consist oﬁve '3
1. An initial ev%pt or series of eve ts,

A ) o s o

initial event olu;erles of events,
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4. A retinal ganglion cell (RGC) dysfunction with resulting optic nerve
degeneration and atrophy, and

5. Visual-field loss and blindness

Medical therapy is the first line of attack against primary open-angle
glaucoma. Beta-blockers, miotics, sympathomimetics, carbonic anhydrase inhibitors

and prostaglandins have been used with varying degree of success (Wilensky, 1996).



Since its introduction in 1996, use of brimonidine tartrate 0.2% ophthalmic solution
(Alphagan®), a highly selective alpha 2-adrenergic agonist, has become increasingly
popuiar for the initial and long-term management of ocular hypertension and

glaucoma (Cantor, 2000).

Action of Brimonidine is relatively alpha-agonist, which reduces intraocular
pressure (IOP) by decreasing aqueous production and increasing uveoscleral outflow
(Greenfield et al., 1997; Enyedi a

brimonidine, which is an i

reedman, 2001). Neuroprotective effect of

7

the u @onidine in glaucoma and ocular
J o

in the new contexts of glaucoma
pathogenesis, seems to
hypertensive patient over otk
categories depending gaefhes brl, th imary. insult-somogenic and axogenic
(Gao et al., 2002). | ) stodi
topically administered k :
periods of time aftef tragSiefit fetinal is 2. Theéy found that topical pretreatment
with brimonidine pre § is¢hem in stinal ¢ glionic cell death in a dose-

dependent manner.

Brain derived neuro cems to play the important role in
£= l'/‘l‘,ﬁf‘ L I'= R g N
neuroprotection. Irrfxpenmeﬁiaf studies, aocular pressure induced by

neuroprotective effef 0 by ﬁuectlng brimonidine tartrate

ophthalmic solution 1r3;ravntreally Control eyes were injected with balance salt

solution. Brﬁu ‘lﬁswmnﬁase endogenous brain

derived neurotrophic actor (E F expressxon in Retinal ganghon cells which
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brimonidine may be mediated by the increase in BDNF expression (Gao et al., 2002).

The ocular hypotensive and side effects of brimonidine were determined for
underlying mechanisms in conscious rabbits and cynomolgus monkeys. The objective
was to determine the intraocular pressure (IOP) response to brimonidine in rabbits and
monkeys and side effects (miosis, cardiovascular depression) in monkeys. Conscious

albino rabbits and cynomolgus monkeys were pretreated topically with the following



receptor antagonists: rauwolscine (alpha-2), idazoxan (alpha-2 and imidazoline
receptor), SKF 105854 (vascular postjunctional alpha-2), and prazosin (alpha-1).
Intraocular pressure, pupil size and blood pressure/ heart rate were monitored
noninvasively for 6 hours following dosing. Binding experiments were performed
using [3H]brimonidine in membrane preparations from rabbit iris/ciliary body and
from monkey cerebral cortex and brain stem. In rabbits, the ocular hypotensive
response to brimonidine was unilateral and was inhibited by rauwolscine > idazoxan

of potency correlated with displacement

In monkeys, brimonidine decreased

aseular function suggesting a CNS site of

action. Intraocular e iovascular “responses to brimonidine were

inhibited by idazox

IOP bilaterally and su

was obtained for
rauwolscine and id
Taken together, these i e the | ine stimulates an ocular alpha-2
adrenoceptor to decrea

decrease I0P, blood press

""".--l
response in the monkey 1s ﬁ%&i@d pha-2 adrenoceptor. The alpha-1 and
LN 2 5
vascular postjuncti.&nal alpﬁt:ff‘i&ér 10C€ - do nc?‘appear to play a role in
mediating these »,F,:.:.:‘: ......... :‘l'f:-**——'—' x '

In consciousg'nomolgs monkeys, ocular hﬂotensive and side effects of
brimonidine were determined. The result §hiowed that brimonidine can decrease IOP

bilaterally mﬂu&e@%&m%%&] Q@:ﬁ a CNS site of action.

Another expemnent was conducted in ketamine-anesthetized gnormal cynomolgus

monkah PRGN FH T B el d b igliin mean areria

blood phessure and heart rate (Gabelt et al., 1994).

There was only one case report mentioned about the toxicity of brimonidine in
dogs. Welch and Richardson (2002) discovered that between January 1998 and
December 2000, the ASPCA Animal Poison Control Center (APCC) received 52 calls
concerning brimonidine ophthalmic solution ingestion in dogs. The report

summarized typical clinical signs and characterized the anticipated course of



brimonidine toxicoses in dogs. Clinical signs developed within 2-4 hours. Incidence
of clinical signs reported included bradycardia (67%), depression (46%), ataxia
(27%), hypotensicn (25%), pallor (23%), weakness (17%), change in mucous
membrane color (17%), hypothermia (13%), and vomiting or retching (13%). Other
signs reported were shock, weak pulse and poor capillary refill time. Clinical signs
seen following brimonidine ophthalmic drops ingestion in dogs are similar to

systemic effects reported after ocular administration in infants, i.e. hypotension,

Brimonidine has_b c/&ber of safety studies using doses

much greater than those i g 6-month ocular/systemic study
in rabbits and the 1-ye stemic s udy ° nkeys with 0.2, 0.5, and 0.8%

brimonidine ophthalmi

bradycardia, and CNS depression.

concentration of 0.8%
concentrations of 95/ A0 r) times, respectively, higher than those seen
in human following : | study of monkeys, transient
exaggerated pharmacol ere dose-related and no any organ

toxicity was observed. apparent pharmacologic effect

er - " those seen in human, no
Qtenswe safety research on

brimonidine, it was conicluded that this drug has an excellent safety profile (Angelov

ctal, 1996). ﬂllﬂ ANBNINEINT.
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with consistent success in reversing hypotension and bradycardia. Brimonidine-
induced respiratory depression, hypotension, and coma may respond to naloxone
(0.02mg/kg iv or im) (Welch and Richardson, 2002). However, Sztajnbok (2002)

described a 6-week-old girl in which a large naloxone dose failed to reverse effects

induced by brimonidine.



Molecular biological studies of alpha 2-adrenoceptor agonists

Many investigators were interested in molecular mechanisms of brimonidine
in various species. Brimonidine is a selective and potent alpha 2-adrenoceptor agonist
and also binds to nonadrenergic imidazoline receptors (Sigma, 1999). Brimonidine is
1,000 times more selective for alpha 2 than alpha 1-adrenoceptor (Welch and

Richardson, 2002). It also exhibits agonist activity at 5-HT; receptors in vitro

whether hypotensive effect of

clonidine and related diugs"Was.due ) 0 pha2 binding sites. Clonidine

and other related alpha# g ‘ owerarterial pressure primarily by an

(Newman-Tancredi et al., 1998).

action within the cepnif? Jus ‘ . Th e drugsialso have varying degrees of

affinity for other cell ergic imidazoline binding sites
(NAIBS). For over 20 r agonist activity of clonidine-
like drugs was thou peutic effects (alpha ,-theory)
However, several group Ce ompeting "imidazoline theory
Accordingly, the hypote sn’i@' dine-like drugs would be in fact
responsible more to their affuﬂrt’;fifT AIBS, called I, receptors

y several findings. inFirst, the
hypotensive effect oEsystemlc cred clo&ine is blocked by alpha 2-
adrenoceptor antagonistsethat are witheut affinity for I; NAIBs. Second, the

rypotesive 3 Db I 8134 T IS AL Gty enginecred mice i

which a defecfive alpha 2A-adrengceptor has been subsntuted‘-?r the normal one.
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conventional inhibitory alpha 2-adrenoceptors on sympathetic preganglionic neurons
and on their main excitatory inputs in the medulla oblongata. Fourth, the first I, ligand
without affinity for alpha 2-adrenoceptors was found to be biologically inactive. The
imidazoline theory is supported by a limited data of whole animal "in vivo"
pharmacological experiments that remain open to a wide range of interpretations. For
these reasons, many evidences strongly supported a more predominant role of alpha

2-adrenoceptor mechanisms in the action of most clonidine-like agents in compare
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with nonadrenergic imidazoline binding sites at therapeutically relevant doses or

concentrations (Guyenet, 1997).

Activation of alpha 2-adrenoreceptors can result in the regulation of multiple
signaling pathways and protein targets. Some of which are thought to be potentially
neuroprotective. Alpha 2-adrenoceptor agonists via its interaction with the pertussis
toxin-sensitive Gi/G(o) class of G proteins, modulates multiple effector systems

including inhibition of adenylyl cyc voltage gated Ca’*channels and activation of

inward rectifying K chann S hyperpolanze neurons and inhibit

presynaptic neurotransmi ‘ .» 1996). Alpha 2-adrenoceptor

agonists also induced to en-actlvated protein kinase and
inhibited the cAMP- ts response element binding
protein (Alblas et al

Functional a on the induction of cyclic
adenosine monophosp demonstrated in rat but not in
the dog or cynomolgus noyel alpha-2 adrenoceptor agonist
AGN 190851, was evalu ction in the rat, dog and cynomolgus
monkey. Its ability to lnhlbl nulated cAMP accumulation in rat and
dog cortical collectﬂg tubule ongtrated. The data indicate that
in the rat, AGN € ater diuresis, which was

accompanied by an ‘_ﬁ ase in e and ﬁnolar clearance. In addition,

AGN 190851 resulted i 12,a dose-dependent inhibition of vasopressin-stimulated cAMP

accumulatlonﬂ %ﬁm} %gj%ﬁ?wg’q ﬂﬁjtrast AGN 190851 was

unable to causg either a water 1uresxs In consc1ous dogs or mh1b1t vasopressin-
MCh N FOR ) WIEN 1101 —
cynomolgus‘m iled 1 on significantly.

When administered the vasopressin receptor antagonist, SK&F 105494 to either dogs

or cynomolgus monkeys, the antagonism of the vasopressin V2 receptor which results
in a brisk water diuresis was observed in both species (Brooks et al., 1991). Thereby
the alpha 2-adrenoceptor agonist induced water diuresis was more prominent in rat

than dog or cynomolgus monkey.
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In rat nephrons, alpha 2-adrenoceptors activation could inhibit cAMP
formation stimulated by parathormone in proximal convoluted tubules and by arginine
vasopressin in cortical and medullay collecting tubules but not cortical and medullary
thick ascending limb of Henle’s loops. Umemura et al. (1985) examined the effect of
alpha 2-adrenoceptor stimulation with epinephrine (E) on cell cAMP content in the
isolated rat proximal convoluted tubule (PCT), medullary and cortical thick ascending
limb of Henle and collecting tubule (MTAL, CTAL, MCT, and CCT) respectively.
Parathyroid hormone (1-34 PTH)
MTAL, CTAL, MCT, '

TAL or arginine vasopressin (AVP), in

to activate adenylate cyclase in

using varying conc i , 2 min.o. ” ation). Alpha 2-adrenoceptor
activation with E ( ( ellular cAMP stimulation by
PTH 35% in PCT a : ‘suppression by E in PCT and CCT
was inhibited by 5 X i SNe \ 7 phentolamine but not by 5 X

and MTAL. These studies sho »

. ;‘;‘fﬂ-”"f—

nephron. Activati(ﬁ of these alpha :
3 .

stimulated by PTH #i-PET-and by AVPifi the T and MCT but not in the CTAL

and MTAL.

There TJ ﬂﬁdﬁgﬁ%ﬁ G iﬁsitol-l,4,5-trisphosphate
formation b)ﬁi: 1d" o rol fan Ejyai]r formation by 46% in
response to alpha 2-adrenoceptorfagonist B-HE 933 in distal‘convoluted tubular

OCTHEEIA] Bhs|dded it bl Edncbniaiioh ol sideBIDC cels averaged
114 nM and increased within 2 min to 196 nM with B-HT 933 and could be
antagonized by specific phospholipase C antagonist U-73122 but not pertussis toxin.

These findings provide evidence that alpha 2-adrenoceptors activate phospholipase C

in DCT cells through a pertussis toxin-insensitive mechanism (Gesek, 1996).
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Distribution of alpha 2-adrenoceptor in the body system

Central alpha 2-adrenoceptors are present in brainstem neurons that control
sympathetic tone. In particular, immunoreactivity for alpha2 adrenoceptors are
present in most bulbospinal cells that contribute an excitatory input to vasomotor
sympathetic preganglionic neurons, including the Cl1 and AS catecholaminergic

neurons of the ventrolateral medulla and the serotonergic cells of the medullary raphe

(Guyenet, 1997). ”///

Alpha 2-adreno many tissues in cardiovascular

systems. Canine veng «the distribution of alpha 2-

adrenoceptor in ma nidine were significant found in
the saphenous, cephali€; femoral and exte jugularveins. These receptor sites were
also present in meseneric £ ortal Vein, and nferior vena cava (Shoji, Tsuru and
Shigei, 1983). Alpha |

blood flow velocity i

d in many arteries. Coronary

¢ modulated by this particular

activated receptor and vascular coronary constriction is
predominantly mediated b —_— e ceptors dogs and in humans (Gregorini et
al., 2002). In human, v’t emonstrated site-specific expression of
alpha2-adrenoceptots in human vaseular smooth mus that reflected differential
activity of alpha 2 ddrenoc stor ge The- ligh expression was found in

venous and arterlol ar vascular smooth muscles without detectable expression or

eI NN

Many Studies reported alpba 2 —adrenoceptor action ukydneys Evans and
AT R TR R B o
rllmerﬂne a enz and the antagonists, 2-methoxyidazoxan and idazoxan, in
conscious dogs. Since the effects of these drugs on renal function could be mediated
in the central nervous system or periphery, the dogs were studied under both normal
and ganglion-blocked conditions. In dogs with intact autonomic reflexes, 2-
methoxyidazoxan (15 micrograms kg-1 plus 0.6 micrograms kg-1 min-1) produced
effects consistent with a generalized increase in sympathetic drive, including

increases in mean arterial pressure and plasma renin activity, and a reduction in
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sodium excretion. In ganglion-blocked dogs, 2-methoxyidazoxan reduced sodium
excretion but had no discernible effect on systemic or renal haemodynamics.
Therefore, intra renal alpha 2-adrenoceptor may be the important role in renal sedium
excretion. At least three isoforms of alpha 2-adrenoceptors (alpha 4, alpha ,p, alpha
2c) account for the pharmacologically defined alpha 2- adrenoceptors. These receptor
are present in various sites of kidney both in cortex and medulla (Feraille and Doucet,

2001), most experiments were performed in rats and rabbits while alpha 2

adrenoceptors in dog kidney re

Cardiovascular effe eptor agonists

mostly through sti gentral : , 1996). However, peripheral

receptors can be activated artig ni timulation of receptors found

selective agonists and antagomﬁé%a& an peripheral alpha 2-adrenoceptors to be

located in either the presyhu : laptic position. Presynaptic receptor

stimulation inhib P ing sympathetic tone and
contributing to bradyeardia. Stim tic receptors in the walls of
arteries and veins hasa vasopressor effect (Cullen 19

il ‘ﬂ u&& aAphi 2 ¥l§ MJ rlrﬂ 5 general agrecment tht

a major site oﬂctlon of these drugs is the rostrﬁventrolateral gdulla (RVLM), but
o QAR B P A B B v
bulbospinal neurons that send a monosynaptic excitatory projection (presynaptic
neurons) to sympathetic preganglionic neurons. These neurons are active in vivo and
receive convergent excitatory and some of these cells are inhibited by iontophoretic
application of alpha 2-adrenoceptor agonists in vivo. Postsynaptic inhibition of
RVLM presympathetic neurons probably contributes to the sympatholytic action of
these substances (Allen and Guyenet, 1993). In support of this interpretation, alpha 2-

adrenoceptor agonists activate an inwardly rectifying potassium current in many
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RVLM bulbospinal neurons in vitro (Li, Bayliss and Guyenet, 1995), and the
presynaptic neurons that have a catecholaminergic phenotype (C1 cells) express alpha
2A-adrenoceptors as known in immunocytochemical studies (Guyenet et al., 1994).
Hayar and Guyenet (1999) proposed a hypothetical model explained presynaptic and
postsynaptic alpha 2-adrenoceptor inhibition of presympathetic neuron which

exhibited sympathoinhibitory effect as shown in figure 2.2.

oceptor

"‘:-

GABA /
Glycine?

a .J'-:;J

syna ptic alpha 2-adrenoceptors
b

d"to"a"potassium condmtance. Input to these cells is

in RVLM. Abouts70% of R ave postsynaptic alpha 2-
adrenoceptors that E coup. e

predominantly excitatofy=and originates dn part from local excitatory interneurons.

Norepinephrﬂ %tﬂ @e% ﬁ%@%’%@ (ﬁm) by activating alpha

2-adrenoceptoﬂ located on presynaptic terminakand possibly also on soma of local
excit@rw@fyﬂ ﬁ:ﬂﬁw }Jl%ﬂa"l}%&lr&%a %]inhibitory input
that is predominantly GABAergic and subject to inhibition by alpha 2-adrenoceptor

agonists.

There was some evidences indicated that peripheral alpha 2-adrenergic effect
are capable to elicit vasoconstriction. Romifidine, another alpha 2-adrenoceptor
agonist can activate vascular smooth muscle-alpha 2-adrenoceptors and produced
vasoconstriction. Pypendop and Verstegen (2000) studied the romifidine effects on

cardiovascular system in dogs. Romifidine was administered intravenously at a dose
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of 5, 10, 25, 50 and 100 pg/kg into 5 groups of dog. Heart rate, pulmonary arterial
pressure, rate-pressure product, cardiac index, and right ventricular stroke work index
were decreased while central venous pressure, pulmonary capillary wedge pressure
and systemic vascular resistance index were increased in response to romifidine
administration. The increased systemic vascular resistance before the decline of heart

rate and blood pressure may contributed to the initial hypertension observed in this

experiment.
In addition, alpha ists may produce change in plasma
volume. Bernstein et ( lationship of plasma volume to
- . - 'd E——
sympathetic tone in 5 and-eoncluded that plasma volume was
related inversely to . alpha-adrene gic activation and heart rate.
Hematocrit and conc j d compositions may be altered in response

theElpha 2A/C receptor isoform
accounts for alpha 2- gdgloceptors expgessed in outer medullary collecting duct

where alpha ﬂﬁéﬂ%’% allejang Bobeq 2001} )
A TR SRR Y A e e

contnbt?tlon of intrarenal alpha 2-adrenoceptor mechanisms to enhance urine flow

present at the basoBera

rate (V) and urinary sodium excretion (Uy, V) in ketamine-xylazine-anesthetized rats.
They demonstrated that injection of 5 pg of yohimbine into left renal artery
significantly reduced urine flow rate and urinary sodium excretion in experimental
(left) but not in the control (right) kidney. In related studies, Blandford and Smyth

(1988) demonstrated that the intrarenal infusion of clonidine produced a dose related
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increase in urine flow rate. In their studies, however, an increase in urinary sodium

excretion and osmolar clearance were only observed at the highest infusion rate.

Norepinephrine activated alpha 1-adrenoceptor can inhibit the excretion of
sodium and water. The stimulatory effect of norepinephrine on proximal tubule
reabsorption is mediated at least in part by alpha 1-adrenoceptors. Prazosin, specific
alpha 1-antagonist, decrease chloride reabsorption in the in situ microperfused rat
ized in bicarbonate reabsorption induced by
(Feraille and Doucet, 2001). The
nal € of sodium and water may involve
the detrimental effect o , : tivity which mediated through

hat in intact rats, an intrarenal

proximal convoluted tubule and ant

renal nerve stimulation in .

component of the diugesis and4 resi rodtice Wby, intravenous xylazine infusion
2% a 2-adrenoceptors located on
renal nerve terminalS§ singe e Il ffects ; ely abolished by yohimbine.
Activation of presynap e | sympathetic nerve terminals

would inhibit the ne d promote water and sodium

s-i" rj’l::'.fl
The site of i ﬂcrease urinary so!h etion observed in response
to an alpha 2-adrefiocepto —agonist was localizédvin the collecting duct by

micropuncture studlg n anE] Gellai, 1987). Conversely,

clonidine altered neith? water permeabig')r nor sodium reabsorption promoted by

vasopressin lﬁ%ﬁﬂoﬁﬁﬁﬁ%ﬂmelf and Schafer, 1991)

dogs and cyndpholgus monkeys (Brooks et al., 1991) Hence alpha 2-adrenoceptor

| MNPV O N

the increase. of renal vascular resistance in dogs while have almost no effect on renal

<

circulation in rat (Strandhoy, 1985).

In addition, central effect of alpha 2-adrenergic agonists on vasopressin
release was also mentioned. Alpha 2-adernoceptor agonist guanabenz injected
intracerebroventriculary can produce the reduction in aldosterone and arginine

vasopressin release in anesthetized dogs (Ota et al., 1990). On the other hand, the
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effect of alpha 2-adrenoceptor agonists on renal blood flow and glomerular filtration
rate may mediate through central sympathoinhibitory effect which influenced
systemic hemcdynamic regulation reported in many studies (Cullen, 1996; Hayar and
Guyenet, 1999; Hayar and Guyenet, 2000). In pithed rat which excluded renal
sympathetic nerve activity, alpha2-adrenoceptor agonist was capable to increase and
then decrease in renal blood flow (Richer et al., 1987) which response to biphasic

effect on blood pressure.

n other organ systems

lucose metabolism via interfering

the insulin release. In cg lin secretory response induced
by the intravenous in or agonist, amidephrine was
blocked by the si e. The excitatory effect of
amidephrine on insu pressed by the concomitant
infusion of the selecti onist UK14304 (brimonidine)
(Garcia-Barrado et al., in genic mice which overexpressed alpha2

adrenoceptors in pancreatic oth ¢ wed altered regulation of glucose
homeostasis. Thex’}yd normal gly ginia in basal conditions but
greater hyperglycemié ' after injection of the alpha 2-

agonist, UK14304. Tlg lower blood insulin co centratﬂ'n detected in transgenic mice
was a reflection a strgnger inhibitory effect of the alpha2-agonist on glucose-

sisitilared mﬂ %E‘ ’g 'ﬂu&a{] 'ﬁx w &Lﬂlﬂ 'ﬁmls (Dere g sl

2000).
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admlmstranon Arata, Onimaru, and Homma (1998) analysed the modulation of
respiratory neurons by epinephrine or norepinephrine in a newborn rat brainstem-
spinal cord preparation. The direct effects of epinephrine on pre-inspiratory (Pre-I)
‘neurons were examined in a synaptic blockade solution (low Ca), and fifty-six percent
of Pre-I neurons were found to continue firing. In low-Ca solution, Pre-I neurons were
excited (n=29 of 39) or depressed (n=5 of 39) by epinephrine, and excited by alphal-
agonist phenylephrine or depressed by alpha 2-agonist clonidine. These finding
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indicated that the activity of Pre-I neurons could be directly excitated via alphal-

receptors and inhibited via alpha 2-receptors.
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