CHAPTER 5

DISCUSSION

In the present study, brimonidine decreased mean arterial pressure (MAP) and
heart rate (HR) simultaneously. When specific antidote, yohimbine was administered,

aggerated compared to baseline levels.

Brimonidine also decreased.the rati MAP and R-R interval. Moreover,

MAP and HR were fluctuated withi after brimonidine and yohimbine
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administrations as the.i standard deéviation of MAP (SDMAP) and HR

(SDHR) in that per ificance was noticed only in
SDMAP. On electro d P-R interval. Although the
significance was und 50 extended after brimonidine
administration. After y d Q-T interval was diminished

studied alpha 2-adrenocepto;m;§_ gs (Pypendop and Verstegen, 2000;
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Kuusela et al, 2 In these s y pha, 2-adrenoceptor agonists
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administration, systeiic bloc vation and then reduced
to the level under bagine

decreased after administration and also sustained for several hours.

The m@nkﬂo:&im&nj inl&ld’l]oﬂ :jessure and heart rate by
central 3 riphéral ﬂ ﬁt ctivaiion was‘a ki lain changes in

the mean arterial pressure. The activation of central alpha 2-adrenoceptor in neurons

ained foﬂeveral hours. Heart rate also

which project from rostral ventrolateral medulla (RVML) to intermediolateral column
of the spinal cord, lead to inhibit the sympathetic outflow, directly shown by the
decrease in plasma norepinephrine concentration (Bock et al., 1999) heart rate,
cardiac output (Pypendop and Verstegen, 2000). Thus, blood pressure was suspected

to be reduced after drug treatment.
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The direct effect of romifidine, another alpha 2-adrenoceptor agonist has been
shown to affect peripherally the vascular smooth muscle-alpha 2-adrenoceptors,
including vasoconstriction. Pypendop and Verstegen (2000) demonstrated that
systemic vascular resistance increased in response to romifidine administration, which

contributed the initial hypertension in conscious dogs.

Central and peripheral effects of brimonidine seem to be in opposite way.

According to our results, central hy t ive effects may predominate over peripheral
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vasoconstrictive effects (Kuusela ministration of alpha 2 adrenoceptor

agonist caused reduction from decrease in heart rate and
contractility (Muir an inish in mean arterial pressure.
However, the periphe enidine and moxonidine, as
blockade of vascular < an wation of presynaptic inhibitory
alpha 2-adrenoceptors e glionic sympathetic neurons

contributing to the hypot

In the present S 0 ha 2-adrenoceptor antagonist

completely reversed the effects-&:
LaE

rate and tended to be hlgher thas
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manner after admm’:ﬁ'ranon of the 'é'ntaé : ~ lgzne- and moxonidine-treated
rabbits. The blood [prgssure and plasma norepinephrine concentration rose to values

higher than the mmalﬁnes ! acutﬂwithdrawal phenomenon. An
antagonist-elicited acuts, withdrawal resngse by increasing the activity of locus

coeruleus nelﬂiyﬁxm Eﬂ%ﬂéw ﬁﬁdﬁmstratlon of clonidine

(Duggan et al
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has been'used to estimate myocardial oxygen consumption (Pypendop and Verstegen,
2000). The rate pressure product decreased in response to brimonidine administration.
Peak of effect was in the second-hour of duration of action in both dose groups. The
decline in rate-pressure product following brimonidine administration, was the result
of bradycardia coupled with systemic hypotension suggesting impaired baroreflex
function. The medial nucleus of the solitary tract (NTS) in the caudal medulla is the

primary central termination site for baroreceptor afferents. The integrity of this region
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is necessary for normal baroreflex control of blood pressure (Hayward et al., 2002).
Because selective blockade of alpha 2-adrenoreceptors in the medial NTS of
normotensive subjects can increase resting blood pressure and attenuate baroreflex
function (Kubo et al.,, 1990; Sved et al., 1992; Yamazaki and Ninomiya, 1993).
Therefore, the stimulation of alpha 2-adrenoreceptors produced effects which
mimicked the stretch of baroreceptor and so result in reduce in mean arterial pressure

and heart rate.

The increase in standar

pressure (SDMAP) mor

and yohimbine adminis s

“&/ eart rate (SDHR) and mean arterial
it}s leé

hown first-hour after brimonidine

ohimbine resulted in apparent

decrease and increas te respectively in particular

period. The more ch ._ heart rate, the more deviation of

_-.5".;:_,.*':"_. Ry Sy =N
1996). The elevatig of vagal tone coup e dgeline in sympathetic activity
\ L .

a-gi;l panﬁ.\lar reasons, the Q-T interval
but not QRS duration Jrete also prqlonggg which refered to the slowing down the

propagation ﬂawﬁﬁl ; Wlﬁrwmmcmtﬁcular myocardium.

The Q-T interyal varies inversely with heart rate: the faster the heart rate, the shorter
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brimonidine; althdugh*P-R and QT interval was szb]i dimi when compared

to baseline values. The acute withdrawal phenomenon may play the important role to

of electrical propag

explain these alterations.

Glomerular filtration rate (GFR) decreased in response to brimonidine
administration. Low dose brimonidine (0.2 mg/kg) appeared to affect the GFR more
than high dose (0.5 mg/kg). Both effective renal plasma flow and renal blood flow

declined after administration of brimonidine. These results contribute to non
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significant change in filtration fraction. In addition, renal vascular resistance seems to

be increased in response to brimonidine.

It has been known that hypotension is capable to activate pressor area in
medulla and drives sympathetic signal to counteract the lowering of blood pressure.
Baroreceptors are the major role of these processes to speed up heart rate, raise
cardiac contractility, increase total peripheral resistance and also increase in renal

sympathetic nerve activity (Vander

filtration pressure, ji, theretc \jj tration fraction.

brimonidine can amvated peripheral postsynaptic

alpha 2-adrenoceptor réséits i %éw fiﬁ resistance. Strandhoy
(1985) demon@ﬁ'ﬁ ﬂﬁﬁa vas 'ﬁ’j’ sis in response to either
alpha 1 or alp%'a 2-adrenergic agehists. In thespresent study,athe direct effect of

brimoftidité on ¥ dDiINafobonsiEidtion ight ibieribd predophntly at the afferent

arterioleor minimally affected on either the afferent or efferent arterioles, because of
the reduction in both ERPF and GFR.

Regardless oflntral acting,

In the higher dose group, the effective renal plasma flow, renal blood flow
and glomerular filtration rate were less affected than the lower dose group. Centrally
mediated sympathoinhibition produced paradoxical responses in renal function among

low and high dose group of brimonidine administration. As described above,
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significant change in filtration fraction. In addition, renal vascular resistance seems to

be increased in response to brimonidine.

It has been known that hypotension is capable to activate pressor area in
medulla and drive:“ sympathetic signal to counteract the lowering of blood pressure.
Baroreceptors are .the major role of these processes to speed up heart rate, raise
cardiac contractility, increase total peripheral resistance and also increase in renal

sympathetic nerve activity (Vander,

Because of centrﬂﬁ"‘ ‘

agonist, mean arterial d @mw contributes to cardiac output

effect of alpha 2-adrenoceptor

appears to be reduced.

blood pressure and cardi ss of ‘sym thetic responses. Particularly,

renal sympathetic n : nate sen et al., 2001). With intact

sympathetic activi d increase following the

constriction of effere pressure remained constant or

decreased slightly, not ood flow does, it produces an

increase in filtration fract i dine, the absence of sympathetic
2

outflow results in limited response
e WA

arterial pressure ca}x:groduce equally decline in | n?_‘blood flow and glomerular

filtration pressure, , ation fraction.

A : S— cﬂ,
Regardless of;lntral acting, brimonidine can activated peripheral postsynaptic

alpha 2-adrenggept rﬁsﬁ in i e%{ﬂe 1 resistance. Strandhoy
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arterioleqor minimally affected on either the afferent or efferent arterioles, because of
the reduction in both ERPF and GFR.

In the higher dose group, the effective renal plasma flow, renal blood flow
and glomerular filtration rate were less affected than the lower dose group. Centrally
mediated sympathoinhibition produced paradoxical responses in renal function among

low and high dose group of brimonidine administration. As described above,
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cardiovascular effect of brimonidine seem to be dose-dependent manner. On the other
hand, the renal functions were less affected by higher dose-brimonidine. These
findings may be due to the stronger sympathoinhibitory etfect of the higher dose
which resulted in lower renal sympathetic nerve activity and thus, less constrictive
response of particular afferent arteriole. In addition, Takahashi, Hisa, and Satoh
(1984) found that the release of both renin and prostagrandin via alpha-agonist in
anesthetized dogs could be inhibited by yohimbine. This finding may be the reason

that the high-dose of alpha 2-agonist uce less degree for decreases in ERPF,
ERBF and GFR. In other we ivation of alpha 2-adrenoceptor, the
more release of renal v& .

sodium. However, osmolar

Brimonidine / '

clearance, free water “ufine pre on were unchanged significantly.

Ota et al. (1990) st : ffect : acerebroventricular administration of

guanabenz alpha 2-ageni apable ase arginine vasopressin release in
ay reduce antidiuretic hormone from

pituitary gland and therefore.@fg'ggxe? ater diuresis. However, the diuresis was not

sent study

Subthreshold}r;a ﬂ kidney induces sodium and
water retention through‘actlvatlon of alphu-adrenoceptors as shown by others in the

rabbit and dﬂ(% tfgx%uﬂa‘ﬂ %fwﬂ 985 Hebee, presynaptic alpha 2

inhibition of ngrepinephrine release may result i m reduction of alpha 1-adrenoceptor

stim mﬁqnm effect of alpha
2-adrenergic ag sorption o kldney remams controver51al (Feraille

and Doucet, 2001)

apparent in the pr.

De Fronzo et al. (1975) first demonstrated that insulin exerts an antinatriuretic
effect independently of the glycemic status in healthy human. A similar effect was
later report in dog (De Fronzo, Goldberg, and Agus, 1976) and rat (Kirchner, 1988).
These results indicate that insulin may directly control renal sodium handling.

Because insulin was shown to increase fluid and sodium in in vitro microperfused
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rabbit proximal convoluted tubule (Baum, 1987). The antinatriuretic effect of insulin
is thought to originate in part in proximal tubules. In the present study, insulin level
was thought to be reduced by the direct effect of postsynaptic alpha 2-adrenoceptor
stimulation on pancreatic beta cell (Cullen, 1996). Accordingly, the decline in plasma
insulin level may result in the reduction of antinatriuretic effect on proximal tubule

and hence increase renal sodium excretion.

neurons by epinephri ePALIAE in 2 /borm rat with brainstem-spinal cord
preparation. The direceff; ‘e_ inephrine on pre-inspiratory (Pre-I) neurons were
examined in a synaptic le solution (low'Ca). The activity of Pre-I neurons
could be directly regulat byex on via alphal-receptors and inhibition via
— —" '
alpha2-receptors. Therefore, ff%ﬁ epression  in  animals treated with
e-"'_‘-{_‘a-_f o

brimonidine in the hesent study ma d by alpha2-adrenocertor in

pre-inspiratory ne

There was n@
brimonidine , mus are depressed by
alpha 2-agonmtﬂ:lna£ rmytmn?ia a slight decrease in
rectal tem erature was obse (Cullen, 1996).
Howea ’l)alﬁ ‘f@dﬁi& i&ﬂysjﬁﬂg apparent. The

perlpheral vasoconstriction may occur in sedated dogs. After yohimbine

51gn1ﬁcant change in rectal temperature in response to

administration, the temperature was slightly elevated. It may cause by the overflow of
sympathetic activity following the withdrawal effect of alpha 2-adrenoceptor agonist
~ (Bock et al., 1999) In this period, the dogs were more excite, alert, and responsive.

Enormous muscular activity probably enhanced the body temperature.
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Values of hematocrit and total protein changed with the same direction in
response to brimonidine and yohimbine administration. Alpha 2-adrenoceptor
stimulation produced increase in systemic vascular resistance mediated through post-
synaptic alpha 2-adrenoceptor in both artery and vein (Cullen, 1996). It is quite
difficult to initiate red blood cell redistribution to somewhere in body circulation
because most of blood vessels were constricted simultaneously. In addition, the direct
effect of clonidine, classical alpha 2 agonist, on the spleen was studies. Ojiri et al.
(1993) reported no alteration irysp! y eter in response to intrasplenic artery

injection of clonidine. Th ly to be red blood cell-reservior in

particular situation.

Bernstein et ip of plasma volume and

sympathetic tone in d that plasma volume was
related inversely to b
These findings were co v. n i iologic response that was aimed
at the maintenance lood - p e@qlgr ; face of reduced plasma volume.
Hemodilution would b Vs J
protein were reduced. T déééa'se?

resulted in reduction in VaSC.lﬂW jstati

then moved into vasé

d' pressure in response to brimonidine

“pressure. Consequently, interstitial fluid

compartment.

Blood glucose le'vel tended to mcre&y: in both dosages of brimonidine. Alpha
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the elevated blédd glucose by medlg}ed through post-synaptlc alpha 2 adrenoceptor in

pancr Om‘ﬂlﬁ q:ﬂnﬁm Hﬁfl] eﬂ‘\l@ ylucose and the
mhlb:ﬂl n secretion with infusion of brimonidine 04) alone were

antagonized previously treated with the very selective alpha 2-adrenoceptor

antagonist 2-methoxyidazoxan (Garcia-Barrado el al., 1998).

Plasma concentration of potassium and phophate was elevated after
brimonidine administration particularly in high-dose group. Insulin does not only
increased membrane permeability for glucose, but also increases the cellular uptake of

amino acids, potassium ions and phosphate ions (Guyton and Hall, 1996). Alpha 2-
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adrenoceptor agonists were assumes to inhibit insulin secretion from pancreatic beta
cell, hence, cellular uptake of potassium and phosphate ions was declined and plasma

concentration of both electrolytes was increased.

In conclusion, brimonidine lowered heart rate, blood pressure, respiratory rate,
renal blood flow and glomerular filtration rate. It enhanced natriuresis and elevated
blood glucose level. These effects can be reversed by specific alpha 2-adrenoceptor

antagonist yohimbine hydrochlori e
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