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Summary: Prolonged exposure to noradrenaline (NA) brings about an increase in the release
of prostaglandin (PG)-like material from rat aortic strip. The release is greater with oxymeta
zoline while methoxamine decreases it. These effects are blocked by yohimbine and prazosin
respectively. Pretreatment with 6·0HDA or reserpine diminishes the release of PG-like
material. Barium chloride. a non-specific spasmogen, does not affect the release significantly.
It appears therefore that the source of PG-like material is presynaptic and that its release
mechanism is linked to an alpha2 (00::.) adrenoceptor. It is propolled that this release of PG
like material contributes to the development of desensitisation in vascular tissue.
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INTRODUCTION

desensitisation

Prolonged exposure of a tissue to high concentration of an agonist. in course of
time, renders that tissue less responsive to that corresponding agonist, This phenomenon
of desensitisation has been documented in case of opiates (27, 12. 28, 21), cholinergic
agonists and antagonists (29, 38), catecholamines and prostaglandins (32, 22, 11).

Desensitisation to catecholamilles has been studied more extensively in respect of
beta adrenoceptors (9, 14, 23, 4, 1). Recently, Omini et al. (26) have shown that in rat
lung PG synthesis inhibition prevents the development of beta-adrenoceptor desensitisa
tion. Similar results were obtained by Brink (8) in guinea-pigs. However, desensitisation
has received much less attention with respect to alpha adrenoceptors (16, 10, 5). The
present work deals wtih the desensitisation occuring in the alpha adrenoceptors of the
vascular smooth muscle.
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Abraham and Nasmyth (2) while working with interactions between infusions of
NA and inj ections of vasopressin on rat aortic strip, observed that when phentolamine
was infused along with NA, the development of desensitisation was blocked indicating
that availability of alpha adrenoceptors was essential for the development of desensiti
sation. They further showed that desensitisation was more prominent when NA was
replaced by a preferentially alpha2 adrenoceptor agonist Le. clonidine. than when NA
was replaced by a preferentially alphal adrenoceptor agonist like phenylephrine. This
suggests that the alpha adrenoceptor involved in the process of desensitisation has the
characteristics of alpha2 adrenoceptor.

It has been reported that prostaglandin synthesis/release is increased under the in
fluence of adrenergic agonists (24,40,30,17). Further, this is prevented by yohimbine but
not pra70sin (17).

Holmes et al. (19) have shown that PGs of E series antagonise the effect of vaso
censtrictor substances like NA, vasopressin and angiotensin. There is also evidence to

show that PGs are present and released from vascular wall and act as local modulators

of vascular responses to various vasoactive substances (34). PGI2 is known to inhibit the
contractile responses of vascular tissue to exogenous NA as well as electrical stimula
tion (18). Indomethacin enhances the contractile responses to NA in animals (3,41)
and human vascular tissue (7,18).

Putting the above facts together, there is every likelihood of PGs being released
from the vascular wall as a result of continuous stimulation by adrenergic agonists, which
in turn may reduce the responsiveness of blood vessel. To test this hypothesis we have
carried out experiments to investigate:

1. Whether there is significant increase in the release of PGs from isolated rat
aortic strip on continuous exposure to adrenergic agonists;

2. If yes, what is the source of these PGs and the mechanism of their release;

3. Whether the increase if any, is due to the mechanical response of effector cell
i.e. contractien of aortic strip;

4. And lastly, whether the inhibition of PG synthesis influences the development of
desensitisation in rat aortic strip.

-- -- ~ ~----------
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Animals: Albino rats of either sex, obtained from Haffkine Institute, Bombay and
weighing 175 9 - 250 9 were used in this study. They were starved for 24 hr prior to the
experiment. They were divided into 13 groups (Table I).

Bioassay method: The release of PG-like material by rat aortic strip was studied
by a modified method of Rioux et al. (33). The animals were killed by a blow on the
head and rapidly exsanguinated by cutting the carotid arteries. The aortic strip was pre
pared according to Furchgott and Bhadrakom (15). Each strip was stretched with a 1 9

load suspended in 10 ml organ bath containing aerated tyrode solution at 37°C and incu
bated for a period of 90 min. Before each incubation the strips were washed 4 to 6 times
over a 2 min period. At the end of incubation, the amount of PG-Iike material into the
medium was estimated in terms of PGEz activity on rat fundus strips (37). The assay
organs were equilibrated for 1 hr in a 10 ml organ bath filled with aerated tyrone solution
at 37°C to which atropine, cyproheptadine, phentolamine, propranolol (all at a final con
centration of 1 x 10-7 g) and indomethacin (1 x 10-6 g) were added to increase the specifi
city and sensitivity of the assay for PGs.

Drugs: The following drugs were used either alone or in combination to observe
their effects on the release of PG·like material: NA 500 ng/ml, barium chloride 10 /Jog/ml,
oxymetazoline 50 ng/ml, methoxamine 10 /Jog/ml, 6-0HDA 25/Jog/ml, yohimbine 10 ng/ml
and prazosin 20 /Jog/mI. Reserpine 5 mg/kg was administered i.p. 18 hr prior to the expe
riment.

In the case of first five, the aorta was perfused with the drug dissolved in tyrode
solution for a period of 30 min, washed for 10 min in plain tyrode and later incuhated for
90 min. Yohimbine and prazosin when used alone were added to the incubation medium.
When a combination of yohimbine and oxymetazoline or prazosin and methoxamine was
used, the aorta was kept in contact with the antagonist for 10 min and then perfused with
the combination for 30 min.

Effect of PG synthesis inhibition on desensitisation : Experiments were also perfor
med to observe the effect of PG-synthesis inhibition on the development of desensitisa
tion. Responses of helical rat aortic strips were obtained to bolus doses of NA (300,600
and 900 ng/ml) prior to and after perfusion of rat aortic strip for 30 min with NA (500
ng/ml) in control (n=6), and animals treated with indomethacin 5 mg/kg, Lp. 24 hr prior
(n=6). Contractions were recorded by using a force' displacement transducer on a four
channel polygraph (Encardiorite, India).

Statistical analysis: The results were analysed by Student's t-test.
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PG release: Table I shows the PG-like material released in the incubation medium

from control and treated aortic strips.

TABLE I: Effect of drugs and ch3micals on the release of prostaglandin-like material from rat aortic strip.

S.No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Perfusion PG-/ike materia/in ng/mg
P valueconditions (mean ± S.E.)

Control (6) 3.70±0.267

Noradrenaline (6) 6.20±0.378 <0.001-

Barium Chloride (6) 3.49±0.550 N.S.

Oxymelazoline (6) 7.94±0.364 <0.001-

Yohimbine (4) 197±0.284 <0.01-

Yohimbine +
<0.001··Oxymetazoline (6) 1.80±0.0284

Methoxamine (6) 1.84±0.088 <0001·

Prazosin (4) 6.14±0.218 <0.001·

Prazosin +
Mathoxamine (4) 3.67:t:0.210 <0.001···

6·0HDA (6) 0.20±0.044 <0.001·

6-0HDA +
Oxymetazoline (4) 1.29±0.145 <0.001··

Reserpine (4) 1.40±0.025 <0.001-

Reserpine +
<0.001··Oxymetazoline (6) 2.30±0.293

Figures within parenthesis indicate number of experiments.
• as compared to control.

•• as compared to oxymetazoline group.
••• as compared to methoxamine group.

N.S. = not significant.

It can be seen that NA and oxymetazoline increased the release of PG-like material

significantly whereas barium chloride did not affect it to a significant extent. Yohimbine,
methoxamine, 6-0HDA and reserpine diminished"the release significantly. The effect of
oxymetazoline is not seen in the presence of yohimbine or 6-0H DA and in reserpinised
tissue, while that of methoxamine is blocked by prazosin.
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Effect of PG synthesis inhibition on desensitisation : The responses of rat aortic
strip to bolus doses of 300, 600 and 900 ngjml of NA were reduced significantly by 78,60
and 36% respectively after perfusion with NA in control animals while they were not signi
ficantly affected in those pretreated with indomethacin.

DISCUSSION

The phenomenon of desensitisation and the intricacies of its mechanism have attra
cted the attention of several groups of workers over a number of years. Among the many
explanations put forward to explain the phenomenon of desensitisation, is the liberation
of vasodilator substances like histamine (16). To this can be added yet another class of
substances, the PGs, which are widely distributed, are present and released locally in the
vascular tissue and are known to modul ate the release of NA from the nerve endings as
well as responses of vascular tissue. Their evanescent action, potency, local synthesis
and metabolism in the tissues are additional desirable attributes for such a role.
Staszewska-Barczak and Vane (37) have provided evidence to show that release of PGs
from vascular wall is responsible for local modulation of actions of various vasoactive
substances. Blumberg et al. (6) have shown that synthesis of a PG E2 like material might
be responsible for desensitisation observed in vascular tissues in response to vasoactive
peptides like angiotensin I, angiotensin II and bradykinin. It is also known that PGs
obtund the vasoconstrictor properties of NA and vasopressin (19). The results of our
experiments reveal a significant increase in the release of PG-like activity from the aortic
strip on prolonged exposure to NA and justifies a conclusion that release of PG-like mate
rial can be one important factor contributing to development of desensitisation in the vas
cular smooth muscle.

It can be seen from the results (Table I) that prolonged exposure to NA brings
about an increase in the release of PG-like material from rat aortic strip. This is in agree
ment with the findings of Wennmalm & Brundin (40) in isolated rabbit heart and Pipili &
Poyser (31) in rabbit mesenteric arterial bed.

When oxymetazoline, a preferentially presynaptic ( oc 2) adrenoceptor agonist, is
used in lieu of NA, the release of PG-like material is substantially increased. This is in
tune with the findings of Olsen (24) and Griffiths and Moore (17)', wherein clonidine, a
preferentially presynaptic ( oc2) adrenoceptor agonist tS shown to increase PG release in
various tissues. Yohimbine, a specific blocker of presynaptic (oc2) adrenoceptors, by itself
diminished the basal release of PG-like material and in addition significantly blocked the
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release of oxymetazolin induced PG-like material. Griffiths and Moore (17) have also ob
served that clonidine induced stimulation of PG synthesis in rat vas deferens is blocked by
yohimbine. From this experimental evidence it appears that the adrenergic agonist-induced

release or PG-like material from the rat aortic strip is operated by a receptor which has
properties similar to presynaptic ( oc2) adrenoceptor.

When NA was replaced by methoxamine. a preferentially post-synaptic (ocI) adre
noceptor agonist. there was a significant decrease in the release of PG-like material.
Wennmalm and Brundin (40) observed a similar decrease in PG release from isolated
rabbit heart when methoxamine was infused. This suggests that the postsynaptic (ocI)

adrenoceptor is inhibitory to the release of PGs. Further, in tune with the above argument.

prazosin. a preferentially postsynaptic (ocI) adrenoceptor antagonist increased the outflow
of PG-like material. This corroborates the finding of Pipili (30) that the stimulation indu

ced PG release from perfused rabbit mesenteric arteries is increased in the presence of pra
zosin. Used with methoxamine, prazosin blocked the effect of methoxamine as expected.

Studies of Abraham and Nasmyth (2) with the interactions of NA and vasopressin
on the rat aortic strip indicate that an alpha adrelloceptor is linked with the development
of desensitisation. They further demonstrated that the adrenoceptor involved has charact
eristics of a presynaptic ( oc 2) adrenoceptor. Considering our results with PG release,
together with the above observations of Abraham and Nasmyth (2), it is reasonable to
postulate that the NA induced release of PG-like material from rat aortic strip is also linked
with an alpha adrenoceptor and further, may be responsible for the development of desen

sitisation to NA.

The mechanism of the release of PGs by adrenergic agonists is incompletely known.
Wennmalm and Brundin (40) have argued that the receptor controlling PGE release is
different from the conventional alpha and beta adrenoceptors responsible for electrome
chanical and metabolic responses. They have labelled this receptor as "PG-adrenoceptor"
which constitutes a single functional unit. It has been suggested by Omini et al. (25) and
Griffiths and Moore (17) that activation of presynaptic (0<:2) adrenoceptor brings about an
increase in PG synthesis possibly through activation of phospholipase-A2 and release of

arachidonic acid from membrane phospholipids. Wennmalm and Brundin (40) and
Pipili (30) maintain that the postsynaptic (ocI) adrenoceptor is inhibitory to the release of

PGs though the exact mechanism of this inhibition is yet to be elucidated.

To rule out the possibility that the release of PGs is not specific to adrenergic ago

nists and is merely an expression of the physical process of contraction of the aortic strip,

we did experiments employing barium chloride, a non-specific spasmogen that brings
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about smooth muscle contraction. Barium chloride did not increase the release of PG
like material. Pipili and Poyser (31) using potassium chloride also observed that the PG
re'ease remained unchanged after the administration of this non-specific vasoconstrictor.

Regarding the origin of PGs released in autonomica lIy innervated tissues, there is a
plethora of evidence both in favour of effector cell i.e. postsynaptic site and nerve endings.

i e. presynaptic site. In order to locate the site from which this PG-like material is relea
sed, we conducted experiments with 6-0H DA, a drug known to destroy the adrenergic
nerve terminals. Oxymetazoline failed to increase of PG-like material in 6-0HDA pretre
ated rat aortic strips. This observation is further corroborated by the findings in reserpin
ised rats, where once again oxymetazoline failed to enhance the basal release of PG-like
material. These two observations indicate that the source of PG-like material is presynaptic.

Our experiments performed to observe the development of desensitisation to NA in

rat aortic strips show that PG synthesis inhibition significantly obtunds the development
of desensitisation.

In conclusion, the results of our experiments show that the release PG-like

material from rat aortic strip is a specific process linked to presynaptic ( oc 2) adrenoceptor
and that the source of this PG-like material is presynaptic. It is proposed that this release
of PG-like material probably contributes to the development of desensitisation in vascular
tissue. This hypothesis is supported by the recent findings of Omini et al. (26) that arachi

donic acid metabolites have a role to play in ~-receptor desensitisation.

REFERENCES

1. Abbracchio, M.P., F. Cattabeni, E. Coen, Y. Torres-Hernandez and C.Omini, a-adrenoceptor des
ensitisation in rat lung: functional and biochemical aspects. Eurapean J. Pharmacal., 89 : 35-42, 1983.

2. Abraham, G. J. S. and P. A. Nasmyth. Desensitisation of rat aortic strip to vasopressin by infusions of
noradrenaline. Sr. J. Pharmacol., 57: 458P. 1976.

3. Armstrong. J. M. and G. Thirsk. Effects of prostacyclin ( PGI2 l. 6-oxo-prostaglandin F1 oc and prost
aglandin E2 on sympathetic adrenergic nerve function in rabbit mesenteric arteries in vitro. In: ''Advances
in the Biosciences," Vol. 18, Presynaptic Receptors by S. Z. Langer, K. Starke and M. L. Dubocovicl\
(Pergamon Press, New York) p. 305. 1979.

4. Avner, B. P. and J. W. Jenne. Comparison of in vitro isoproterenol induced desensitisation in human,
dog, rat and rabbit respiratory smooth muscle. Am. Rev. Resp, Dis. (115) 4: Part II : 45, 1977.

5. Ball. N" J. K. Danks, S. Dorudi anj P. A. NJsmyth. Desensitisation by noradrenaline of responses to
stimulation of pre-and postsynaptic adrenoceptors. Sr. J. Pharmacal.. 76 : 201-210, 1982.

6. Blumberg, A. L. S. E. Denny. G. R. Marshall and P. Needleman. Blood vessel-hormone interactions:
angiotensin bradykinin and prostaglandins. Am. J. Physial.. 232 (3) : H 305- H 310. 1977.

7. Brandt. L.. B. Ljunggren. K. E. Anderson. B. Hindlelt and T. Uski. Effects of indomethacin and prO
stac~clin in isolated human pial arteries contracted by CSF from patients with aneurysmal SAH.
J. Neurasurg., 55: 877-886, 1981.



Volume 31
Number 1

Prostaglandins in Vascular Desensitisation 49

8. Brink. C. Tolerance of guinea pig airway muscle preparations to relaxant agonists induced by chronic
exposure to isoprenaline in vivo. Br.J.Pharmacol.. 73:13-19. 1981.

9. Conolly. M. E.. D. S. Davies. C. T. Dollery and C. F. George. Resistance to beta adrenoceptor sti
mulants (a possible explanation for the rise in asthma deaths). Br. J. Pharmacal., 43: 389-402. 1971.

10. Cooper. B .• R. I. Handin. L. H. Young and R. W. Alexander. Agonist regulation of the human platelet
alpha adrenergic receptor. Nature (Lond). 274: 703-706. 1978.

11. Cooper. B. A. I. Schafer. D. Puchalsky and R. I. Handin. Desensitisation of prostaglandin-activated
platelet adenylate cyclase. Prostaglandins. 17: 561-571. 1979.

12. Cowie. A.L.. H.W. Kosterlitz and A. J. Watt. Mode of action of morphine like drugs on autonomic
neuroeffectors. Nature (Lond). 220: 1040-1042. 1968.

13. Davies. B. N.• E. W. Horton and P. G. Wlthrington. The occurence of prostaglandin E2 in spleenic
venous blood of the dog following spleenic nerve stimulation. Br. J. Pharmacol.. 32: 127-135. 1968.

14. Fleish, J. H. and E. Titus. The prevention of Isoproterenol desensitisation and isoproterenol reversal.
J. Pharmacol. Exp. Ther .. 181 : 425-433. 1972.

15. Furchgott. R. F. and S. Badrakom. Reactions of strips of rabbit aort~ to norepinephrine. isoprenaline.
sodium nitrite and other drugs. J. Pharmacol. Exp. Ther .. 108 : 129-143. 1953.

16. Gillespie. J. S. and T. C. Muir. The origin of th3 decline in the vasopressor response to infused nor
adrenaline in the pithed rat. ar. J. Pharmacol .• 30: 88-98. 1967.

17. Griffiti13. R.J. and P.K. Moore. Interaction of prostaglandins and clonidine in rat vas deferens. J. Pharm,
Pharmaco{. 34. 724-728. 1982.

18. Hadhazy. P.. L. Nagy. F. Juhasz. B. Malomvolgyi and K. Magyar. Effects of indomethacin and pro

staglandins 12 & E2 on the tone of human isolated mesenteric arteries. European J. Pharmacal .. 91 :
477-484. 1983.

19. Holmes. S. W.• E. W. Horton and I. H. N. Main. The effect of prostaglandin El on responses of
smooth muscle to catecholamine angiotensin and vasopressin. Br. J. Pharmacal.. 21. 538-543. 1963.

20. Junstad. M. and A. Wennmalm. On the release of prostaglandin E2 from the rabbit heart following
ir.fusion of noradrenaline. Acta. Physiol. Scand.. 87: 573-574. 1973.

21. Kosterlitz. H. W. and A. A. Waterfield. An analysis of the phenomenon of acute tolerance to morphine
In guinea pig isolated ileum. ar. J. Pharmacoi., 33: 131-138. 1975.

22. Lefkowitz. R. J .• D. Mullikin. C. L. Wood. T. B. Gore and C. Mukherjee. Regulation of prostaglan
din receptors by prostaglandins and guanine nucleotides in frog erythrocytes. J. BioI. Chem .. 252:
5295-5303. 1977.

23. Lin. C.. L. Hurwitz. I. Jenne and B. P. Avner. Mechanism of Isoproterenol-induced desensitisation of
tracheal smooth muscle. J. Pharmacol. Exp. Ther .• 202: 12-22. 1977.

24. Olsen. U. B. Clonidine induced increase of renal prostagiandln activity and water diuresis in concious
dogs European J. Pharmacal.. 36: 95-101. 1976.

25. amini, C.. G. Folco. D. Sautebin. G. Nava. V. Mandelli and F. Bert. Il-receptor activation induces
prcstaglandin E2 generation in guinea pig trachea. European J. Pharmacol.. 72: 227-231. 1981.

26. Omini. C.• M. P. Abbracchio. E. Coen. L. Daffonchio. M. Fano and F. Cattabeni. Involvement of
arachidonic acid metabolites in beta adrenoceptor desensitisation: Functional and biochemical studies.
European J. Pharmacal.. 106: 601·606. 1985. .

27. Paton. W. D. M. The action of morphine ilnd related substances on contraction and on acetylcholine
output of coaxially stimulated guinea pig ileum. Br. J. Pharmacol. Chemother.. 12: 1i9-127. 1957.

28. Paton. W.D.M. and M. A. Zar. ThE: origin of acetylcholine released from guinea pig intestinal longitu
dindl strips. J. Physiol. (Land). 194: 13-33. 1968.



50 Pereira et al. January- March 1987
Ind. J. Physiol. Pharmac.

29. Perrine. S. E. and J. J. McPhillips. Specific subsensitivity of rat ileum to cholinergic drugs. J. Pharma
cal. Exp. Ther., 175: 496-502, 1970.

30. Pipili, E. The effect of prazosin upon the release of prostaglandin 12 and E2 from the perfused
mesenteric arterial bed of the rabbit following stimulation of adrenergic nerves. Br. J. Pharmacal..
73 (1) : 215P-216 P, 1981.

31. Pipili, E. and N. L. Poyser. Effects of nerve stimulation and of administration of noradrenaline or pot
assium chloride upon the release of prcstaglandins 12 . E2 oc and F2 oc from the perfused mesenteric
arterial bed of the rabbit. Br. J. Pharmacal., 72 : 89-93, 1981.

32. Renold O'Donnell, E, Stimulation and desensitisation of macrophagea denylate cyclase by prostaglan
dins and catecholamines, J. Bioi. Chem., 249: 3615-3621, 1974.

33. Rioux, F., Quirion and D. Regoli. The role of prostagladin in hypotension: the release of prostaglan
dins by aorta strips of renal. OOCA-salt and spontaneously hypertensive rats. Can. J. Physiol. Pharma
col., 55: 1330-1338, 1977.

34. Staszewska-Barczak, J. and J. R. Vane. The role of prostaglandins in the local control of cirCUlation.
J. Clin. Exp. Pharmacol. Physio!. Suppl., 2: 71 -78, 1975

35. Stjarne, L. Prostaglandin E restricting noradrenaline neural in origin 7. Acta. Physiol. Scand., 86 : 574
576, 1972.

36. Su, Y. F., X. L. Cubeddu, and J. P. Perkins. Regulations of adenosine 3. 5-monophosphate content of
human astrocytoma calls: desensitisation to catecholamines and prostaglandins, J. Cyclic Nucleotide
Res.. 2 : 257-270, 1976.

37. Vane, J. R. A Sensitive method for the assay of 5-hydroxytryptamine. Br. J. Pharmacol.. 12 : 344-349,
1957.

38. Vital-Brazil, 0., M. O. Fontana and N. J. P. Pavani. Effect of 4-aminopyridine on end-plate receptor
desensitisation caused by carbachol. European J. Pharmaco!.. 86/2 : 199-205, 1982.

39. Wennmalm, A. and L. Stjarne. Inhibition of the release of adrenergic transmitter by a fatty acid. Life
Sci.• 10: 471-479, 1971.

40. Wennmalm, A, and T. Brundin. Prostaglandin-mediated inhibition of noradrenaline release: IV: pro
staglandin synthesis is stimulated by myocardial adrenoceptors differing from the oc - and a-type. Acta.
Physiol. Scand.. 102 : 374-381, 1978.

41. Yabek, S. M. and B. P. Avner. Effects of prostacyclin ( PGI2 ) and indomethacin on neonatal mesente
ric and renal artery rellponses to electrical stimulation and norepinephrine, Prostaglandins., 19: 23-29,
1980.


