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P- Adrenergic activities of octopamine and synephrine stereoisomers 
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The activities of the (-)- and (+)-forms of rn- and 
p-octopamine and m- and p-synephrine on P I -  and P2- 
adrenoceptors in guinea-pig atria and trachea have been 
compared with that of noradrenaline. The rank order of 
potency of the (-)-forms on P,-adrenoceptors was nora- 
drenaline > m-synephrine > m-octopamine = p-octop- 
amine > p-synephrine. rn-Synephrine was 100-fold, m- and 
p-octopamine about 6000-fold, and p-synephrine about 
40 000-fold less active than noradrenaline. The (+)-forms 
were 1-2 orders of magnitude less active than their 
(-)-counterparts. The four (-)-compounds were more 
than four orders of magnitude less active than nora- 
drenaline on P,-adrenoceptors, and the (+)-forms had no 
detectable activity in concentrations as high as 10-4 M .  If rn- 
and p-octopamine are co-released with noradrenaline in 
amounts proportional to their concentration, their activities 
at these structures are too low to be physiologically 
significant. 

m- and p-Octopamine occur naturally in several 
sympathetically innervated organs in equal or nearly 
equal concentrations; the tissue levels (1-10 ng g-1) of 
both octopamines and noradrenaline (NA) are 
increased by monoamine oxidase inhibition and de- 
creased by 6-hydroxydopamine in a similar fashion 
(Ibrahim e t  a1 1985). Both [3Hlp-octopamine (Kopin et 
al 1964) and [3H]m-octopamine (Reimann 1984) are 
taken up in noradrenergic nerve terminals, accumulated 
in storage vesicles and released together with N A  on 
stimulation. Therefore, it seems likely that both m- and 
p-octopamine co-exist with N A  in mammalian 
sympathetic nerves and are released as co-transmitters 
with NA on adrenergic nerve stimulation as was first 
proposed for p-octopamine by Axelrod & Saavedra 
(1977). Co-transmission is now known to occur through- 
out the central and peripheral nervous system and it  is 
probable that all neurons contain two or more co- 
transmitters. Several mechanisms have been postulated 
by which co-transmitters could interact to produce 
neuromodulation: (i) both transmitters could bind to 
the same receptor, (ii) each transmitter could bind to a 
different receptor on the same cell, (iii) to different 
receptors on different cells or (iv) one co-transmitter 
could modify the action of a second co-transmitter 
(O'Donohue et al 1985). Because of their close struc- 
tural similarity to NA, it  is reasonable to suppose that 
both m- andp-octopamine might bind to one or more of 
the known adrenoceptors. Early experiments to 
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measure the physiological effects of p-octopamine 
(Lands & Grant 1952) and m-octopamine (Lands 1952) 
were made with racemic mixtures. Later investigators 
used the (-)-enantiomers of p-octopamine (Korol et al 
1968) and m-octopamine (Della Bella & Galli 1955) but 
the compounds were of uncertain optical purity and 
were used on selected in-vivo responses before the 
different subtypes of adrenoceptors were recognized. 

p -0ctopamine 

HO 

Noradrenaline 

As a result, the activities of the pure (-)- and (+)-forms 
of m- and p-octopamine on al- ,  a2-, PI -  and p2- 

adrenoceptors have not been determined. We have 
compared the activities of these enantiomers of m- and 
p-octopamine with that of N A  on P1- and P,-adreno- 
ceptors using the chronotropic response of the guinea- 
pig isolated atria and relaxation of the guinea-pig 
tracheal smooth muscle, respectively. Guinea-pig atria 
contain only the P,-subtype; guinea-pig tracheal smooth 
muscle contains a mixture of P I -  and b,-receptors 
(O'Donnell & Wanstall 1979) with the Pr-subtype 
predominating (Minneman et al 1979). Because 
rn-synephrine (phenylephrine) and p-synephrine also 
occur naturally in adrenal gland (Ibrahim et a1 1985) the 
effects of the enantiomers of those two amines have also 
been determined. 

Methods 
Male Duncan-Hartley guinea pigs (300-400 g) Were 
used. 

Spontaneously beating atria from guinea-pigs treated 
with reserpine (1 mg kg-l i.p. 24 h) previously to 
minimize the release of endogenous catecholamines 
(O'Donnell & Wanstall 1985) were placed in Krebs 
solution at 30 "C and aerated with 951"/~ 0, and 5% Coz. 
The composition of the Krebs solution was (mM) NaC' 
114. KCI 4.7. NaHCO, 25. KH2P04 1.2. MgSO, 0,577 
dextrose 11.7. CaCI, 2.5 and ascorbic acid 1.1. Atrial 
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rate was recorded with an instantaneous rate meter 
triggered by contractions recorded by a force-displace- 
merit transducer. The atria were pre-exposed to phen- 
oxybenzamine (50 p~ for 30 min followed by 3 washes) 

block a-adrenoceptors and neuronal and extraneuro- 
rial uptake. Two cumulative dose-response curves to 
N~ using two-fold increments in concentration were 
obtained first. A cumulative dose-response curve to the 
(-1-enantiomer of the test compound was then 
obtained using three-fold increments in concentrations 
from 10-7 to IO-.'M. After the preparation had been 
washed, a dose-response curve was obtained to the 

Guinea-pig tracheae were cut into spiral strips and 
placed in Krebs solution at  37 "C and aerated with 95% 
o2 and 5% COz. Tracheal tension was recorded with a 
Haward apparatus isotonic transducer under 0.5 g 
loading. The strips were first exposed to phenoxybenz- 
amine as described above and then, after three washes. 
the tone was increased by the addition of carbachol 
(1 pg mL-1) to the bathing fluid for 30 min. A cumula- 
tive dose-response curve for the relaxation induced by 
NA was then obtained. The tissue was washed three 
times, a further quantity (1 pg) of carbachol was added, 
and the dose-response determination with the test 
amine was repeated. When the concentration of M 
was reached, the strip was allowed to remain in contact 
with it for 10 min and a repeat dose-response curve with 
NA was obtained. Three strips were obtained from each 
trachea and, in each experiment, two strips were 
subjected to the test amine and the third strip to a 
placebo (H,O). The shift to the right of the second 
dose-response curve to NA in the presence of a 1 0 P  M 

concentration of test amine was corrected for the 
Placebo shift using the pooled placebo results (n = 8). 

Drugs were obtained from the following sources: 
(-)-noradrenaline (NA) (Sterling-Winthrop); carba- 
chol chloride and (-)-m-synephrine HCI (BDH, Ltd); 
Phenoxybenzamine HCI (Smith, Kline & French); 
reserpine (Aldrich Chem., Ltd); (+)-m-synephrine HCI 
(Ganes Chemical, Inc.). The racemic m- and p-octo- 
Pamines and p-synephrine were resolved with (+)- 
and/or (-)-organic acids, followed by fractional crystal- 
lization of the diastereoisomeric salts and ion-exchange 
to afford the optically active hydrochloride salt. The 
exPerimental details of these procedures and the 
determinations of the absolute configuration of these 

will be published elsewhere. (-)-m-Octo- 
Pamine HCI (m.p. 127 "C, [aIDzz -39 "); (+)-m-octo- 
Pamine HCI (m.p. 125 "C, [a],,z2 37.5 "); (-)-p-octo- 
Pamine HCI (m.p. 176 T, [ a p  -50 O); (+)-p-octo- 
Pamine HCl (m.p. 177-78"C, [ c Y ] ~ * ~  +36"); (-)-p- 
'Ynephrine HCI (m.p. 178 "C, [ a I D 2 2  -39"); (+)-p-  
'Ynephrine HCI (m.p.)  178 "C. [0ilD22 +42 "). 

Results and discussion 
Bl-Adrenoceptor agonist acrivity. All eight enantiomers 
Possessed positive chronotropic activity on isolated atria 
''Om reserpinized guinea-pigs (Table 1). However. in 

(+)-enantiomer. 

Table 1. Activity of stereoisomers of octopamine and 
synephrine on P,-adrenoceptors in isolated atria from 
reserpinized guinea-pigs. 

m-Synephrine 
- -m-Octopamine 
- -p-Octopamine 

(- psynephrine 
(+ -m-Synephrine 
(+ -m-Octopamine 
(+ -p-Octopamine 
(+)-p-Synephrine 

Fraction 
pD2NA Relative o f N A  

n (2s.e.m.) potency Maximum .~ 

0.66 

<040002 0.48 
0.83 

t0.00002 0.27 
<0.00002 0.28 

3 14.00 - 
3 5,65(?0.32) 0.001 
3 c4.00 
3 14.00 
2 14.00 < 0 . m 2  0.11 

no case did the maximum response at M reach the 
level of response produced by NA. For the (-)-com- 
pounds the rank order of potency was NA > m-syneph- 
rine > m-octopamine = p-octopamine > p-synephrine; 
they were loo-, 6000-, 7000- and >40000-fold less 
active, respectively, than NA. All the (+)-compounds 
were approximately one to two orders of magnitude less 
active than NA,  with the same rank order of potency. 

The basal rate (beats min-I) of the isolated atria 
varied from 100 to 130 and maximum response to N A  
was about 220. At concentrations of 1 0 - 4 ~  all the 
(-)-isomers caused appreciable increases of heart rate, 
so that dose-response curves to NA in the presence of 
1 0 - 4 ~  of test amines as antagonists could not be 
compared with the dose-response curve in the absence 
of antagonist. 

Pz-Adrenoceptor agonist and antagonist activity. The 
(-)-forms of m- and p-octopamine and m- and 
p-synephrine all showed low activity at M; this 
increased to a mean of 5-10% of the maximal activity of 
NA at M. The (+)-isomers of m- andp-octopamine 
and m- andp-synephrine had no detectable effect on the 
relaxation of tracheal smooth muscle at any concentra- 
tion up to 10-'M. At  10-4 M the (-)-isomers of m- and 
p-octopamine and m- andp-synephrine all displaced the 
NA dose-response curve significantly to the right. Dose 
ratios produced by 10-4 M concentrations of the (-)- 
isomers of m- and p-octopamine and m- and p-syneph- 
rine were 4.9, 3.6, 2.8 and 2.3. respectively. The 
(+)-isomers of m- and p-octopamine and m- and 
p-synephrine at M had no detectable antagonistic 
effect on the relaxation of tracheal smooth muscle 
produced by NA. 

The relaxation of the guinea-pig isolated tracheal 
chain preparation produced by (-)-m-synephrine has 
been measured (Chahl & O'Donnell 1969). In the 
presence of phenoxybenzamine, (-)-m-synephrine pro- 
duced a maximum relaxation which was less than that of 
NA and the dose-response curve was shifted to the 
right. It was concluded that (-)-m-synephrine was 
probably a partial agonist for Pz-receptors, a conclusion 
in agreement with the results of Reinhardt & Wagner 
(1974). Our own results are in agreement with this 
conclusion. although i t  is possible that (-)-m-syneph- 
rine (and the other octopamines and synephrines) is 
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inactive at  0,-adrenoceptors, the small (5-10%) relaxa- 
tion being due to stimulation of PI-adrenoceptors. 

The activities of the (-)-isomers m- and p-octopam- 
ine and m- andp-synephrine for both P-subtypes are less 
than that of N A  by two orders of magnitude or more, so 
that any possible neuromodulation by m- and p-octo- 
pamine (or m- and p-synephrine) of the effect of NA 
released by noradrenergic neuron stimulation cannot be 
mediated by PI- or P2-adrenoceptors. Our conclusion 
that enantiomers of m- and p-octopamine have no 
significant physiological P-adrenergic activity is in 
accordance with our earlier observation that racemic m- 
and p-octopamine had no detectable effect on the 
in-vivo P-adrenergic responses of initiation of thirst or 
increase in tail skin temperature in the rat (Fregly et  al 
1979). 

We are grateful to Mr Roman Brazdil for his expert 
technical assistance and to the University of Strathclyde 
Research and Development Fund for financial assis- 
tance. 
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Postsynaptic al-adrenoceptor mechanisms in rat vas deferens and 
ageing 

I .  TAKAYANAGI*, 0. MAEDA, K. KOIKE, Department of Chemical Pharmacology, Toho University School of Pharmaceutical 
Sciences, Funabashi, Chiba 274, Japan 

Postsynaptic a,-adrenoceptor mechanisms in vasa deferen- 
tia isolated from 3, 6, 18 and 40 week-old rats were studied 
by analysis of the concentration-response curve of nor- 
adrenaline and the Scatchard plot of specific binding of 
[3H]prazosin to microsomal fractions. The maximum ten- 
sion developed by noradrenaline also increased with age 
from 3 to 18 weeks. The efficacy of noradrenaline and 
capacity of the maximum binding sites of [3H)prazosin 
increased with increasing age, while the dissociation 
constants of noradrenaline (KA) and prazosin (Kd) were not 
changed with age. The increase of the maximum tension 
was proportional to the increase in efficacy. The increase of 
efficacy for noradrenaline in the vasa deferentia from rats 
of different ages is due to the increase in the total 
concentration of postsynaptic a,-adrenoceptors. 

The effects of ageing on responses through p- 
adrenoceptors have been widely studied (Fleisch 1981) 
and it has generally been reported that (3-adrenoceptor 
responsiveness is reduced in the elderly. Relatively little 
is known about the effects of ageing on responses 
mediated through a,-adrenoceptors or on their charac- 
teristics, partly due to the lack of a constant pattern of 
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change in the available reports (Docherty & Hyland 
1986; Docherty 1986; Takayanagi et  al 1986). 

Therefore, to clarify any change in a,-adrenoceptor 
mechanisms with increasing age, we have estimated the 
affinity and efficacy (Stephenson 1956; Kenakin 1984) 
for noradrenaline in vasa deferentia from 3 to 40 
week-old rats and further calculated the dissociation 
constant and capacity of maximum binding sites from 
the [3HH]prazosin receptor binding assay using the 
microsomal fractions of the rat vasa deferentia. 

Materials and methods 
Wistar rats (3, 6, 18 and 40 weeks old) were killed by a 
blow on the head and the vasa deferentia isolated. 
Pieces of the tissue were mounted in glass organ baths 
containing 20 mL of a physiological solution (composl- 
tion NaCl 154, KCI 5.6, CaCI, 2.2, MgClz 2.1, NaHC03 
5.9 and glucose 2.8 mM) kept at 37 “C and gassed with a 
mixture of 95% 0, and 5% CO,. The solution also 
contained propranolol (10-6 M).  desrnethylimiprarnine 
(lo-’ M) and normetanephrine M) to inhibit 
@-adrenoceptors. and neuronal and extraneuronal 


