
INTRODUCTION

The area postrema is a tri an gu lar field of the
rhom boid fossa, be tween the funiculus separans and
the gracile tu ber cle (figure 1). It con tains mark edly
vascularized tis sue rich in glia and cov ered by
ependyma. The blood-brain bar rier is mod i fied in
these re gions (1). The area postrema con tains nu -
mer ous neu ro trans mit ter re cep tors (al pha-adre ner -
gic, nic o tinic, muscarinic, opioid and an gio ten sin II
re cep tors) (2). Nu mer ous stud ies have shown that
the area postrema par tic i pates in the reg u la tion of
car dio vas cu lar func tion. The find ings of these stud -
ies, how ever, are of ten con tra dic tory. By stim u lat -
ing the area postrema, Gatt et al. (1985) showed a
de crease in blood pres sure and heart rate, whereas
Fer gu son and Marcus (1988) reg is tered an in crease
in ar te rial blood pres sure (3,4). Area postrema le -
sion trig gers a long-term el e va tion in normotensive
and spon ta ne ously hy per ten sive rats (5). In ad di tion, 
it has been dem on strated that the hy per ten sive ef fect 

is at ten u ated if in duced by intracerebroventricular
in jec tion of an gio ten sin II to area postrema lesioned
an i mals (6) or by intracerebroventricular NaCl to
dogs (7). 

MATERIAL AND METHODS

Both male and fe male cats of 2.0-3.5 kg body
weight were used. The cats were an es the tized with
pentobarbital-sodium (35-40 mg/kg) in jected into
the left lat eral ce re bral ven tri cle through the
Collison can nula ac cord ing to the method de scribed
by Veljkovic et al. 1989 (6). 

In or der to ap proach the area postrema, the
atlanto-occipital mem brane was in ter rupted. Upon
reach ing the site, the area postrema was de stroyed
by elec tro-coagulation us ing 5 mA elec tri cal cur rent 
for 60 sec onds. 

Ar te rial blood pres sure was mea sured di rectly
on a kymograph us ing a mer cury ma nom e ter that
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was in serted into the left carotidal ar tery by means
of a glass can nula. Heart rate was de ter mined
electrocardiographically. 

For the pur pose of com par ing the dif fer ences
in the reg is tered pa ram e ters, the Stu dent’s t-test was
used. 

RESULTS 

The ini tial val ues of ar te rial blood pres sure
and heart rate in McN-A-343-treated an i mals with
an in tact area postrema were 125±5.1 mm Hg and
97±11/min. The se lec tive ag o nist of muscarinic M1
re cep tors, McN-A-343, intracerebroventricularly
in jected at a 0.2-3.0 mg dose to an es the tized cats
with an in tact area postrema caused a dose-de pen -
dent de crease in ar te rial blood pres sure (r=0.95,
p<0.05). The hypotensive ef fect of McN-A-343 de -
vel oped 3-7 min utes af ter in jec tion, reached its max -
i mum 10-20 min utes af ter in jec tion, where upon it
grad u ally dropped un til the ini tial val ues were re -
stored (40-60 min utes fol low ing in jec tion). The ini -
tial val ues of pres sure and heart rate upon the
McN-A-343 in jec tion were 125±5.1 mm Hg and
97±11/min.  

In an i mals with an ab lated area postrema, the
ini tial val ues of blood pres sure and heart rate prior
to McN-A-343 ad min is tra tion were 118±7.2
mmHg, 94±7.7/min. Af ter intracerebroventricular
in jec tion of McN-A-343, the hypotensive ef fect of
the max i mum dose (3 mg) was sig nif i cantly at ten u -
ated (fig ure 2B). 

The ini tial val ues of ar te rial blood pres sure
and heart rate in pilocarpine-treated an es the tized
ani mals with an in tact area postrema were 146/4.5
mmHg, 161.1±8.4/min.  Pilocarpine in jected at a
dose of 0.03-1 mg caused a dose-dependent hypo -
tensive ef fect (r=0.99, p<0.01) rang ing be tween
12-32 mmHg. The pilocarpine hypotensive ef fect
de vel oped 5-10 min utes upon in jec tion, reached a
max i mum 12-25 min utes af ter in jec tion and then
grad u ally de creased un til the ini tial val ues of ar te rial 
pres sure were re stored. In area postrema lesioned
an i mals, the ini tial val ues of blood pres sure and
heart rate prior to pilocarpine ad min is tra tion were
130.4±5.5 mmHg, 165±7.8/min. 

The same doses of pilocarpine ad min is tered
intracerebroventricularly to area postrema lesioned
an i mals led to a sig nif i cantly de creased hypotensive
ef fect (figure 2A). 

The ini tial val ues of blood pres sure and heart
rate in nic o tine-treated an es the tized an i mals with an
in tact area postrema were 140±7.2 mmHg,
180±12.1/min. Intracerebroventricular nic o tine at a
dose of 0.01-0.2 mg caused a dose de pend ent  re duc -
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Fig ure 1. The rhom boid fossa

Fig ure 2. The ef fect of area postrema le sion on hypotensive
re sponses to pilocarpine (A), McN-A-343 (B) and nic o tine (C)

in jected into the ce re bral ven tri cles (- - -) of an aes the tized
cats. The full line is con trol (-). Or di nate: fall of blood pres -

sure. Ab scissa: drug doses in mg



tion in ar te rial blood pres sure within the range of
18-80 mmHg (fig ure 2C). The hypotensive ef fect of
nic o tine was de vel oped 3-4 min utes fol low ing in -
jec tion, where upon it at ten u ated and blood pres sure
re stored to the ini tial val ues within 15-20 min utes. 

In area postrema lesioned an i mals the ini tial
val ues of blood pres sure and heart rate prior to nic o -
tine in jec tion were 132.2±6.5 and 168±8.1/min. 

Intracerebroventricular nic o tine ad min is tered
at the same doses caused a mark edly at ten u ated
hypotensive ef fect. 

DISCUSSION

Our ex per i ments have dem on strated that intra -
cerebroventricular ad min is tra tion of McN-A-343 (a
se lec tive ag o nist of muscarinic M1 re cep tors) re -
duces ar te rial blood pres sure in a dose-dependent
man ner. Given intracerebroventricularly, pilocar pi -
ne (an ag o nist of muscarinic M1 re cep tors) and  ni -
co ti ne also caused a dose-dependent hypotensive ef -
fect. 

In area postrema lesioned an i mals, intra cere -
broventricular in jec tion of pilocarpine, McN-A-343
and nic o tine led to a sig nif i cantly de creased hypo -
tensive ef fect. 

On the other hand, area postrema in tact and
area postrema lesioned an i mals did not show a sig -
nif i cant dif fer ence with re spect to the ace tyl cho -
line-induced hypotensive ef fect.

Fer gu son and Smith (1991) dem on strated that
elec tric stim u la tion of spe cific sites of the area
postrema is fol lowed by hypotension (4). The abo -
ve-mentioned hypotensive ef fect in duced by elec -
tric stim u la tion of the area postrema can be elim i -
nated by at ro pine, a non-selective muscarinic an tag -
o nist, and by hexamethonium, a blocker of nic o tinic

re cep tors. Nic o tinic and M1 muscarinic re cep tor
sites re spon si ble for car dio vas cu lar re sponse have
been iden ti fied in the cau dal re gion of the area
postrema (8). These find ings are con sis tent with our
ear lier ex per i ments, dem on strat ing that the hypo -
tensive ef fect caused by intracerebroven tri cular nic -
o tine and McN-A-343 de vel ops with the me di a tion
of nic o tinic and muscarinic M1 re cep tors (9). 

In con trast, area postrema lesioned an i mals
did not show any change in the ace tyl cho line hypo -
tensive ef fect. 

Ace tyl cho line (as well as other choline es ters)
de vel ops its cen tral car dio vas cu lar and be hav ioral
ef fects through the me di a tion of muscarinic M2 and, 
pos si bly, M3 re cep tors (10,11,12).

Muscarinic M2 re cep tors have been iden ti fied
in the nu cleus tractus solitarius, a neuronal struc ture
ad ja cent to the area postrema, thereby al low ing var i -
ous in ter con nec tions be tween the two. 

Given that the ac ti va tion of muscarinic re cep -
tors of choline es ters leads to hypotension (13) and
area postrema ab la tion does not re duce the hypo -
tensive ef fect of ace tyl cho line, the con clu sion may
be drawn that the hypotension in duced by intra -
cerebroventricular in jec tion of McN-A-343, pilo -
carpine and nic o tine does not in volve mu sca rinic
M2 re cep tors. Such as sump tions were con firmed by
Beleslin and Samardzic 1979, Beleslin and Krstic
1987, Beleslin and Nedelkovski 1989 (14,15,16). 

These au thors found that intracerebro ven tri -
cular ad min is tra tion of McN-A-343 and nic o tine,
but not of choline es ters, cause vom it ing that may be 
re duced or pre vented by way of ab la tion of the area
postrema. 

In con clu sion, the re sults ob tained in the ex -
per i ments sug gest that muscarinic M1 and nic o tinic
re cep tors of the area postrema me di ate in the cen tral
reg u la tion of ar te rial blood pres sure.  

REF ER ENCES

1. Williams PL, Bannister LH, Berry MM, et al.
Gray’s Anatomy, thirty-eight edition. Churchill
Living stone, New York, 1995:1209–1922.

2. Beleslin DB. Neurotransmitter receptor
subty pes related of vomiting. In: Bianchi AL, Grelof L,
Miler AD, King GL. Mechanisms and control emesis.
Collogue inserm (John Lybe) Eurotex Ltd, 1992; 11–18.

3. Gatt PJ, Souza JD, Taveira AM, Da Silva A, et
al. Chemical stimulation of the area postrema induced
cardio respiratory changes in the cat. Brain Res 1985;
346: 117–123. 

4. Ferguson AV, Smith P. Autonomic mechanisms
underlying area postrema stimulation induced cardio vas -
cu lar responses in the rat. Am J Physiol 1991; 261: 1–8. 

5. Ylitalo P, Kappanen H, Pasonen MK. Is the area
postrema control centar of blood pressure. Nature 1974;
247: 58–59.

6. Veljkovi} S, Jovanov}-Mi}i} D, Japund`i} N, et
al.  The area postrema and hypertensive effect of angio -
tensin. Metab Brain Dis 1989; 4: 61‡65.

7. Kawano Y, Barnes KL, Ferrario CM. Pressor
effect of centrally administered sodium chloride: role of
ventral third ventricle region and the area postrema. J
Auton Nerv Syst 1991; 35(2): 153–160.

8. Kubo T, Misu Y. Cardiovascular response to
micrinjection of physostigmine and choline into the
dor sal medullary site of the rat. Neuropharmacology
1981;  20: 1091–1095.

129

THE ROLE OF AREA POSTREMA IN THE CEN TRAL REG U LA TION OF AR TE RIAL BLOOD PRES SURE



9. Veljkovic S, Japundzic-Zigon N, Jo va  novi} -
-Mi  cic D, et al. Nicotinic and muscarinic mechanisms of
area postrema in the central regulation of the arterial
blood pressure. Yugoslav Physiol Pharmacol Acta 1995;
31: 49–53.

10. Pazos A, Wiederhold K, Palacios M. Central
pressor effects induced by muscarinic receptor agonists
evidencefor predominant role of M2 receptor subtype.
Eur J Pharmacol 1986; 125: 63–70.

11. Doods HN, Mathy MJ, Davidesko D, et al.
Selectivity of muscarinic antagonists in radioligand and
in vivo experiments for the putative M1, M2 and M3
receptors. J Pharmacol Exp Ther 1987; 242: 247–252.

12. Muragain J, Sundaram K, Sapru H. 
Choli nergic mechanisms in the ventrolateral medullary
depre ssor area. Brain Res 1989; 501: 355–363.

13. Sundaram K, Murugaian J, Watson M, et al.
M2 muscarinic receptor agonists produce hypotension

and bradycardia when injected into the nucleus tractus
soli tarii.  Brain Res 1989; 477: 358–362.

14. Beleslin D, Samardzic R. Comparative study of 
aggressive behaniourafter injection of cholinomimetics,
anticholinesterases, nicotinic and muscarinic ganglionic
stimulants into the cerebral ventricles of conscious
cats:fai lure of nicotinic drugs to evoke aggression.
Psy cho pharmacology 1979; 61: 149–153.

15. Beleslin D, Krstic S. Furter studieson nicotine
induced emesis: nicotinic mediation in area postrema.
Physiol Behav 1987; 39: 681–686.

16. Beleslin D, Nedelkovski V. Emesis induced by
4-(m-chlorophenyl-carbamoyloxy) -2-butynyltrim ethy l 
mo  nium chloride (McN-A-343): evidence for a pre-
 do minant central muscarinic M1 mediation. Ne  u  ro-
   phar ma cology 1988; 27: 949–956.

ULOGA AREJE POSTREME U CENTRALNOJ REGULACIJI ARTERIJSKOG KRVNOG PRITISKA

Rade ^ukuranovi}1, Mirjana Radenkovi}2, Suzana Brankovi}2, Slavimir Veljkovi}2

1 Institut za anatomiju, Medicinski fakultet, Univerzitet u Nišu;
2 Institut za fiziologiju, Medicinski fakultet, Univerzitet u Nišu

SA@ETAK

Nikotin, pilokarpin i McN-A-343 (selektivni an tag o nist M1 receptora) ubrizgani intra -
cerebroventrikularno ma~kama su izazvali dozno zavisni pad krvnog pritiska. U ma~aka kod
kojih je areja postrema bila razorena, efekat intracerebroventrikularnog ubrizgavanja ni -
kotina, pilokarpina i McN-A-343 bio je zna~ajno manji. Na osnovu dobijenih rezultata autori
zaklju~uju da su nikotinski i muskarinski M1 receptori areje postreme uklju~eni u centralnu
regulaciju arterijskog krvnog pritiska. 

Klju~ne re~i: areja postrema, hipotenzivno dejstvo, nikotin, pilokarpin
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