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Central regulation of intraocular pressure and cardiovascular apparatus
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Dante De SANTIS, Michele LISA,
Anna Rita ROMANO, Savino CHIEPPA,

Vincenza
Emilio MARMO

SUSANNA, Liberato BERRINDO,

(Istituto di Farmacologia e Tossicologia, Prima Facoltd di Medicina e Chirurgia, Universitd di Napoli,

80138 Napoli, Italy)!

ABSTRACT Effects of°clonidine on intraocular
pressure (IOP), arterial blood pressure (BP) and
heart ratc (HR) were cvaluated in normotensive
conscious rabbits, Ocular and arterial hypoten-
sion and sinus bradycardia induced by intra-
cerebroventricular (icy third ventricle) clonidine
(0.1-5 ug/rabbit) were reduced by icv yohimbine
(10 ug/rabbit), naloxone (4 ug/rabbit), bicuculline
(2.5 pg/rabbit), acetylsalicylic acid (100 pg/
rabbit) or f{lunoxaprofen (100 png/rabbit). Our
results suggest that a,-adrenerg opiateic, peptid-
ergic, GABAergic and prostaglandin systems
are involved in ocular and cardiovascular effects
induced by clonidine and that central nervous
system is involved in the regulation of IOP.
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Clonidine, an a,-adrenergic-stimulating
agent, has been used for arterial hyperten-
sion therapy¢!’. Clonidine, besides its hypo-
tensive and bradycardic effects, determines
reduction of intraocular pressure (IOP)
when administered systematically or topically
into the conjunctival sact'~*). We know,
besides, that icv administration of clonidine
determines in anesthetized rabbits ocular
hypotension, suggesting a central nervous
regulation of IOP(®,
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The aims of this work were to evaluate
the participation of opiate peptidergic,
GABAergic and prostaglandin (PG) systems
in the ocular and arterial hypotensive effects
and in sinus bradycardia induced by clonid-
ine administered intracerebroventricularly
(icv: 3rd ventricle) and to confirm the
central nervous regulation of IOP.

METHODS

Experiments were carried out with nor—
motensive conscious o' rabbits (2.9-3.2
kg). IOP was measured by a Schioetz tono-
meter that was previously calibrated for
the rabbit eye by direct manometert®>.

Arterial blood pressure (BP) and heart
rate (HR) were registered in the tail by a
Digital Pressure Meter LE 5000 LETICA-
Tecniplast Gazzada‘”>. These measurements
were taken 30 min after every clonidine
administration. Drugs were given by icy
(3rd ventricle). Each group consisted of 5
rabbits.  Clonidine hydrochloride (Boeh-
ringer Ingelheim):; yohimbine hydrochloride
(Sigma, USA):; naloxone hydrochloride
(Crinos, Italy): ( + )-bicuculline metho-
chloride (Sigma); lysine acetylsalicylic acid
(Maggioni, Italy): flunoxaprofen (Ravizza,
Italy). All doses were indicated as base.
Statistical analyses of results were perform-
ed‘®. The significance of differences between
test rabbits and their controls was cal-
culated using ANOVA between samples.

RESULTS

Effects of cionidine In rabbits 30 min
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Tab 1. Intraocular pressure (IOP), arterial blood pressure (BP) and heart rate (HR) in conscious

rabbits freated with clonidine (C), n=75 rabbits,

X+SD. *p>0.05, **p<C0.05, ***p<C0.01

Drug (icv) IOP (kPa) BP (kPa) HR (bpm)
ug/rabbit Before After Before After Beforc After
Co.1 2.84+0.17 2.4%0,22* 17.3+1.56 14.1+1.16°* 283128 190+32°***
Ci1 2.8+0.62 2.2+0.46""* 17.94+1,73 10.3+1.34*** 290423 180+ 25°%°*°
Cs 2.7+0.06 1,3+0.46%** 17.,7x+1.16 7.9+1,56°** 287+21 1531+-23°°*
Y 2.8+0.02 2.9+0,22° 16,7+1,11 17,24+1.34° 303130 315+23°
Y+Co.1 2,730.20 2,7+0.22° 17,14+1,78 16,91+1.34° 293+23 278 +19°
Y+C1 2.,8+1.11 2.8+1.34° 17,7+1,56 16.7+1.34° 288421 268126
Y+Cs 2.7+0.22 2.8%+0.22* 17,3+1.34 15.5+1.56%* 292+24 265+ 24"
N 3.0+0.22 3.6+0,04%** 17,24+1.16 16.4+1.16° 287125 281+23°
N+Co.1 2.8+0.22 2.6+0.22° 17,6+1.56 16.7+1.16° 299127 262+22°*
N+C1 3.0+0.22 2,9+0.22° 17,1+1.16 15.540.89° 285424 233+31°°
M+Cs 2.84+0.22 2.3+0,22%° 16.7+1.16 14.4+1,34°* 293428 237+22%°
B 3.030.20 2,7+0.15* 17.0+1.34 17.31+1.56° 301+21 303+23°
B+Co.1 2.940.15 2,940.15° 17,0+1.16 15.5+1.16° 293+23 265+19°*°
B+C1 3.0+0.56 3,1+0.29° 18,0+1.78 16.,1+1,56°*° 298 +21 251:%25°%°
B+Cs 2.9+0.22 2,4+0,24°° 17.0+0.89 14,0+1.16°° 297424 243+24°%°
ASA 3.0+0.02 3.5+0.09°** 17,5+0.89 14,940.89° 301131 280+21*
ASA+Co0.1 2.9+0.22 3.0+0.56° 17.0+1,16 15.94+2.01° 289427 233+20°"
ASA+C1 3.01+0.09 2.84+0.22°* 16.94+1,16 13.0+1.,56°* 320+24 241+28°%°*
ASA +C5 2.94+0.18 2,3+0.13*** 16,5+1,16 11.4+1,78*** 371428 212423***
F 2,94+0.13 3.3+0.15*** 16.3+1.34 15.9+1.56° 293+23 275+ 22°
F+Co.1 2.7+0.15 2.6+0.40° 16.7+1.16 15.7+1,16* 208428 247423
F+C1 2.84+0.07 2.6+0.26°"* 17,44+1.34 14.1%+1.16°* 295429 230+26**
F+Cs5 2.7+0,15 2.2+0,24°** 17,0+1.16 11,7+1.,56°°** 315432 208-+24°*°

Experiments with yohimbine (Y, 10 pg/rabbit), naloxone (N, 4 pg/rabbit), bicuculline (B, 2.5 pug/rabbit)
lysine acetylsalicylic acid (ASA, 100 pg/rabbit) and flunoxaprofen (F, 100 pg/rabbit) icv 5 min before

clonidine.

before clonidine treatment (0.1, 1 and 5
ug/rabbit icv) produced a dose-dependent
reduction in IOP (-13.2, -23.8, -53.4%)
in BP (-18.5, -42.2, -54.9%) and in
HR (-32.9, -35.2, —46.7%, respectively)
(Tab 1).

Role of «,-adrenergic system The clon-
idine effects were completely antagonized
by a pretreatment (5 min before clonidine)
with yohimbine (10 pg/rabbit icv: for this
dose there were no changes in IOP, BP and
HR)(Tab 1).

Role of opiate peptidergic mechanism
Naloxne 4 pg/rabbit icv 5 min before clon-
idine, partially reduced the effects of clon-
idine 0.1, 1 and 5 pg/rabbit. The antago-

nism of naloxone on ocular and cardiovas-
cular effects induced by clonidine (5 pg/
rabbit) was less intense than yohimbine
(Tab 1). Naloxone alone increased the I0P
by 20.5%.

Role of GABAergic mechanism Bicu-
culline 2.5 pg/rabbit icv: 5 min before cloni-
dine, (for this dose there were no changes
in I0P, BP and HR) significantly reduced
the effects induced by clonidine (Tab 1).

Role of PG mechanism Lysine acetyl-
salicylic acid 100 pg/rabbit icv and flunoxa-
profen 100 ug/rabbit icv (Tab 1) reduced the
ocular hypotension and the sinus bradycar-
dia induced by clonidine. However, the re-
duction of bradycardia was less than the



reductions of ocular and arterial blood hypo-
tension. Besides, lysine acetylsalicylic acid
and flunoxaprofen alone increased the 10P
by 16.9 and 14.49%, respectively.

DISCUSSION AND CONCLUSIONS

Our previous studies demonstrated that
systemic administration of clonidine in con-
scious rabbits determined systemic and ocular
hypotension and bradycardia®*®). These re-
sults were in accordance to other studies®’
made on anesthetized rabbits treated with
intravenous and ventriculocisternal perfusion
of clonidine. These effects were due to
central nervous regulation of IOP¢:% and
probably to a change in systemic hemo-
dynamics(®,

Our investigations with icv clonidine on
conscious rabbits revealed that the cerebral
structures adjacent to the 3rd ventricle were
involved in the regulation of IOP and in
the cardiovascular effects of clonidine.

Our studies, like our previous researches
on conscious and anesthetized rats°-!%),
demonstrated that a,-adrenergic, opiate pep-
tidergic, GABAergic and PG brain systems
were also involved in ocular and cardio-
vascular effects induced by clonidine in nor-
motensive conscious rabbits.

The conclusion that an a,—adrenergic
mechanism is involved is based on the
findings that yohimbine!?’, a competitive
antagonist of a,-adrenergic  receptors,
antagonized intraocular hypotension, systemic
hypotension and sinus bradycardia induced
by clonidine.

Besides, naloxone, bicuculline, lysine
acetylsalicylic acid and flunoxaprofen reduc-
ed ocular and cardiovascular effects induced
by clonidine.

The involvement of opiate peptidergic
system in the ocular and cardiovascular ef-
fects of clonidine is based on the findings
that naloxone, a competitive antagonist of
opiate receptors which does not influence a,-
adrenergic receptors in the brain¢'s'®’, reduc-
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ed the ocular hypotension, bradycardia and
systemic hypotension induced by clonidine.
Bicuculline’>, a competitive antagonist
of GABA, receptors, reduced ocular and
cardiovascular effects induced by clonidine.
It reduced also clonidine hypotension in free-
ly moving and anesthetized &' rats with
normal arterial pressure and with spon-
taneous or DOCA-hypertension. Since bicu-
culline® has no a,-adrenoceptor blocking
properties the inhibitory effect can not be
attributed to blockade of a,—adrenoceptors.
Our experimental findings with lysine
acetylsalicylic acid and flunoxaprofen, ad-
ministered with a dose regimen expected to
produce a selective inhibition of PG cyclo-
oxygenase!!»!*?, demonstrate that the hypo-
tensive ocular and cardiovascular effects of
clonidine are also due to stimulation of PG
biosynthesis in the CNS of normotensive
rabbits. Therefore, the elevation of IOP
after icv lysine acetylsalicylic acid and fluno-
xaprofen alone suggest a central prostaglan-
dinic regulation of IOP. Besides, our inves-
tigations suggest the presence of ocular
hypotensive PG in the CNS while other
studies demonstrat that PG administered
topically or sistemically increased IOP¢ %),
Our results suggest that in central
regulation of IOP the cerebral structures
adjacent to the 3rd ventricle are involved.
Other experiments are in progress to
see which cerebral areas are involved in the
intraocular effects of clonidine and to eval-
uate, at different times since administration,
its cardiovascular and intraocular effects.

ACKNOWLEDGMEMTS This research was
supported in part by the Italian Ministry of
Public Education and the Natjonal Coucil for
Research (CNR), Rome, Italy.

REFERENCES

1 Donatelli L, Marmo E. Farmacologia. Ist ed.
Torino: UTET, 1981 : 988-92

2 Apponi-Battini G, Barra A, De Simone C,
et al. Systemic and ocular effects of a,-adren-



326

=S

©

10

¥ B 25 52 4R

ergic stimulating and B,-blocking
J Med 1984; 15 : 126
Potter DE. Adrenergic
aqueous humor dynamics.
1981; 33 : 133

Krieglstein GK, Langham ME, Leydhecker W.
The peripheral and central neural actions of
clonidine in normal and glaucomatous eyes.
Invest Ophthalmol Vis Sci 1978; 17 @ 149
Liu JHK, Neufeld AH. Study of central regu-
lation of intraocular pressure using ventriculo-
cisternal perfusion. Ibid 1985; 26 : 136
Vereilles P, Conquet P, Le Douarec JC. A
method for the routine intraocular pressure
(IOP) measurement in the rabbit: range of
IOP variations in this species. Exp Eye Res
1977¢ 24 : 369

Gerold M, Tschirky H. Measurement of blood
pressure in unanaesthetized rats and mice.
Arzneimittelforsch 1968; 18 : 1285

Snedecor GW, Cochran WG. Statistical meth-
ods,7 th ed. Ames: Iowa State Univ Press,
1980 : 233

Berrino L, Apponi-Battini G, Barra A, et dl.
Partecipation of alfa,-adrenergic, opiate
peptidergic, GABAergic, and prostaglandin
mechanism on intraocular and cardiovascular
effects of clonidine in conscious rabbits,
Curr Ther Res 1987; 42 : 790

Marmo E, Rossi F, Lampa E, et al. Partici-

agents.

pharmacology of
Pharmacol Rey

1988 4E 7 A; 9 (4)

323-326

11

12

13

14

15

pation of opiate peptidergic central mechnism
in the hypotension and bradycardia of a,-
adrenergic stimulating drugs: an experimental
study in dogs with clonidine, flutonidine,
guanabenz and guanfacine. Ibid 1984; 36 :
1145

Lampa E, Filippelli W, Ottavo R, et al.
Interference of nonsteroidal anti-inflammatory
agents on the antihypertensive activity of
beta-adrenergic blocking, alpha,-adrenergic
stimulating, and Ca**-antagonistic drugs.
Ibid 1986; 39 @ 288

Marmo E, Filippelli W, Marrazzo R, et al.
Participation of GABAergic mechanisms in
the hypotensive and bradycardic effects of
clonidine: experimental study in conscious
normotensive and hypertensive rats. Neuro-
pharmacol 1987; 26 : 1525
Golembiowska-Nikitin K, Pile A, Vetulani J.

Opiates and specific receptor binding of
[*H]-clonidine. =~ J Pharm Pharmacol 1980;
32170

Marmo E, Acampora R, Angrisani M, et al.
Infiammazione e suo controllo farmacologico:
caratteristiche farmacologiche di un antiinfiam-
matorio non steroideo, il flunoxaprofene. Rif
Med 1986; 101 : 253

Beitch BR, Eakins KE, The effects of pros-
taglandins on the intraocular pressure of the
rabbit. Br J Pharmacol 1969; 37 : 158

A REXMFREIRE RO E RGN PIRET

Dante De SANTIS, Michele LISA, Vincenza SUSANNA, Liberato BERRINO, Anna Rita

ROMANO, Savino CHIEPPA, Emilio MARMO

(Istituto di Farmacologia e Tossicologia, Prima Facoltd di Medicina e Chirurgia, Universita di Napoli,
80138 Napoli, Italy)!

RE AWERSLHHT WRENREIOP), 3

BRI R OBREEN. = & S TRE (0.1-5 pe) A5

SIREIBRAAIBIRK M {6 B B2 gl 1d B2 T B =

EHREYE 10u8. SIS due. 7 B4 2.5 s,
B EIUEHK 100 pg B8 il i 1§25 100 pg Frifidi. A4
REH: o B LBRE, MEK, CABARFFIRER

SKEETARERN SENREROMERNN, MR

Birh

X@ia

—d
%3

75

WHERES S TRENTET.

A RGEs B s o0y RE NEES BF
MIEEs WEAFE, BERD BIKEE: 468



