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n- Oxyfedrine, a /3-sympathomirnetic drug, did not affect isolated rat and rabbit trachea in concentrations from

2.86 X 10-a to 2.86 X 10-4 M, but on the guinea-pig trachea, it caused a dose dependent relaxation of natural tone

ti- ! in lower concentrations (1.79 X 10-7 to 2.86 X 10-6 M). In higher concentrations (1.14 X 10-s to 2.86 x 10-4 M),

'w _ however, a contraction was observed, whicl! was also dose dependent. This contraction was not affected by ',

atropinc, ' ..... : .... :_ _:_'"'"- :_ or "": .... : " "u,,.t._xam,u_ by pretreatment with reserpine but was blocked by ant.,,_ta,.,nlc_ ":_l l_U-a_lu

re- _ thipendyl and clemastine). Adrenaline, noradrenaline, phenylephrine and isoprenaline did not contract the guinea-
ta- i ipig trachea, whereas contractions were observed after high concentrations of norephedrine, amphetamine, ephedrine

and tyramine.These contractions were also unaffected by reserpinepretreatment |_,c.

It is concluded that the contraction of the guinea-pig trachea by oxyfedrine is related to its structural relation-
of _ Ii! ship to the phenylethylamines and might be due to histamine release, an action on histamine receptors or a
p5. _ histamine-likeaction. !

xi- { Phenylethylamines Oxyfedrine Guinea-pig trachea Histamine release i

i
, 1. Introduction sang described this effect, according to the terminolo-
t gyofAri_ns(1964),asautoinhibition.

•In 1970 Habersang reported that oxyfedrine, a/3- In an attempt to clarify this effect, we carried out

aminoketone of 1-norephedrine and a sympathomi- further experiments on the guinea-pig trachea as well t

metic drug with a predominantly l_-adrenoceptor as on the trachea of the rat and rabbit.
stimulating effect, caused a dose dependent relaxa-
tion of natural tone of the guinea-pig isolated tracheal
chain. However, when the maximum relaxation was 2. Materials and methods ;
reachedand the concentrationsof oxyfedrinewere i
further increased, a reversal of the relaxing effect, 2.1. Tracheal chains

which was also dose dependent, was observed• Haber-
The tracheal chains were prepared essentially as

_. describedbyFoster(1960).

_This work is a part of a thesis submitted by the senior 2.1.1. Guinea pigs
author to the Faculty of Veterinary Medicine, Justus Liebig

University, Giessen, W. Germany in partial fulfillment of the Guinea pigs of either sex weighing between
requirements for the degree of Dr. med. vet. 500--600 g were used. For three tracheal chains, 4
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guinea pigs were used. Each trachea was cut into 6 for a period of at least 2 hr before it was exposed to a

rings. For each tracheal chain, 2 rings were taken second dose of oxyfedrine. (Oxyfedrine has a long
from each trachea and were cut open before they duration of action. After a single high dose, the tissue
were sewninto a chain, requiresup to 2 hr to recoverfrom the effect of oxy-

fedrine.)
2.1.2. Rats

Albino rats of either sex weighing on the average 2.4. Pretreatment with reserpine

300 g were used. 7 rats were used for preparing 3
tracheal chains. Each trachea was cut into 3 rings and In experiments designed to test the indirect
for each tracheal chain 1 ring was taken from each sympathomimetic effect of the drugs, guinea pigs

trachea and was cut open before sewing together, were treated with reserpine, 5 mg/kg, injected intra-
peritoneally 24 hr before they were used. Some

-2.1.3. Rabbits guinea pigs received reserpine, 2.5 mg/kg, at intervals
; "4

4 _ For the experiments, albino rabbits of either sex of 48 hr and 24 hr before they were sacrificed for the
weighing between 2.5-3.5 kg were used. The trachea experiments.

• of each animal was cut into 6 rings which were then
cut open and sewn together to a chain. 2.5. Drugs

2.2. Solution The following drugs were used: oxyfedrine and
isothipendyl hydrochloride (Chemiewerk Homburg);

The tracheal chains were suspended in a 15 ml l-isopropylarterenol and dichlorisopropylarterenol

organ bath containing Krebs solution (Krebs, 1950). (Eli Lilly); d,l-isoprenaline (EGA Chemie); I-nor-
Tile solution was maintained at 37.5°C and was bub- ephedrine (l_mll)', reserpine (CIBA); l-phenyleph-
bled with a mixture of 95% O2-5% CO2. fine •HC1 (Ch. Boehringer); noradrenaline and adren-

: aline (Hoechst); propranolol (Rhein-Phanna); tyr-

2.3. Tissue responses amine hydroclfloride (Dr. Th. Schuchardt); 1-ephed-
_ rine hydrochloride,d,l-amphetamineand atropine

Tissue responses were recorded on a metal foil sulfate (E. Merck); clemastine fumarate and lvsergic

with an isotonic frontal writer. The load on the tissue acid dieth_,l-amide (Sandoz); serotonine creatinsulfate '
, was 1 g and the magnification was 8 fold. The tra- (C. Roth); acetylcholine iodide, histamine dihydro-

cheal chains were allowed to equilibrate for 3 hr be- chloride (Fluka).
fore drugs were tested.

Most of the experiments were carried out with the
cumulative method ot Van l<ossum and Van den 3. Results

Brink (1963). In this method, concentrations of oxy-
fedrine were increased 2 fold every 10 min without 3.1. Guinea-pig trachea
washing. On the addition of each concentration, the

kymograph was switched off for 5 rain and then Experiments were performed on 60 tracheal
switched on again for another 5 rain. chains. In the cumulative method, oxyfedrine, 1.79 X

The 3 tracheal chains prepared from 4 guinea pigs 10-7 to 2.86 X I0 -6 M, caused a dose dependent re-
as described above, like the paired tracheal chains of laxation of natural tone. When maximum relaxation l
Foster (1960), were identical in their reaction. One was reached and the concentration of oxyfedrine was
tracheal chain was therefore used as control for the further increased, a contraction was observed. The
othertwo. concentrationwasalso dosedependentandwasob- i

Some experiments were carried out with the se- served from the cumulative dose of 1.14 X 10-s to

quential method in which single doses of oxyfedrine 2.86 × 10-4 M.
were added to the bath for 10 min. At the end of this Single doses of oxyfedrine required I0 rain to

period, the tissue was washed at intervals of 20 min achieve maximum action. When the tracheal chains
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Fig. l. The effects of oxyfedrine and isoprenaline on isolated guinea-pig tracheal chains. Tracing on the left: relaxation and !
contraction by oxyfedrine(OX).Tracingon the right: d,l-isoprenaline(d,l-ISO)causesonly relaxationof the tracbea.

were exposed to a single dose of 2.86 X 10"+M, in 3.3. Rabbit trachea ! i

the sequential method, only very slight relaxation was t
observed which was followed by a contraction of the 10 experiments were carried out with tile rabbit _
trachealmuscle, trachea.Oxyfedrine(2.86× 10-_ to 2.86X 10-4M),

In some experiments, the 2.86 X 10 -4 M dose isoprenaline (4.73 X 10-g to 4.73 X 10 -4 M) and his- i1.

caused no relaxations, but only contractions. Con- tamine (2.72 × 10-s M) did not affect tile tracheal i

tractions were observed in all experinaents performed chain whereas acetylcholine (1.83 X 10-s M) caused a t,

with the cumulative as well as with the sequential contraction. _
method. After a Single dose of 2.86 X 10-4 M, the

tracheal chains were washed at regular intervals for a 3.4. Mechanism of action of the contraction of the i
period of at least 2 hr before they recovered from the guinea-pig trachea I
effect of oxyfedrine. In most experinaents dose-

response curves to isoprenaline were first obtained, The following experinaents were performed to de- "

the tissue washed to recovery before responses to termine whether the contraction of the guinea-pig tra- !
oxyfedrine were tested. In all experiments, isoprena- chea by oxyfedrine was mediated through release of _line caused only relaxation of the tracheal chains. The
relaxation was observed from the dose 5.91 X an endogenous stimulating substance (acetylcholine,

_,, 10-_o M and reached a maximum at 1.89 X 10-s M. 5-hydroxytryptamine, noradrenaline, histamine) or '_
through an action on the receptors for these endoge-

Further doses up to 4.73 × 10-_ M did not contract
nous substances. At least 4 experiments were per-

the guinea-pigtrachea (see fig. 1). formed in each case.

3.2. Rat trachea

3.5. Effect of atropine
18 tracheal chains were used for the experiments.

Oxyfedrine tested in concentrations of 2.86 × 10-s Atropine (1.44 X 10-s to 1.44 X 10-_ M) did not
to 2.86 X 10-4 M had no effect on any of the tracheal affect contractions of the guinea pig trachea to oxy-

chains. Also isoprenaline (4.73 × 10 -9 to 4.73 × fedrine given cumulatively or sequentially; contrac-
10-4 M) and histamine (2.72 X 10-s M did not affect tions to acetylcholine (3.66 X 10-s M) were corn-

the rat tracheal chains, whereas acetylcholine (1.83 × pletely abolished by atropine (1.44 X 10-s M). _
10 -s M) caused a contraction.

!

..... _'_-/_'_"_'_',_,"_._z_%_',_._,'_-,Z _,_._..... _-_. ................. _, , ¢'_
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Fig. 2. Effect of isothipendyl (ISOTH) on the contraction
caused by oxyfedrine on the guinea-pig trachea. Upper tracing: W W

! control - relaxation and contraction by oxyfedrine (OX). " _ l_ Lower tracing: in the presence of isothipendyl (3.11 X ..

10-5 M). Oxyfedrine causes only relaxation. Each a,row de- // __-"-"

i notes an increase of 2 fold in the concentration of oxy- t / / _, _

tedrine.

,i

3. 6. Effect of lysergic acid diethylamide

ox.2.8exlO"4 °x'z.s6xlo-4

. Lysergic acid diethylamide (3.09 X 10-7 to 3.09 X

: ('" 10 -6 M) did not affect contractions of the guinea-pig Fig. 3. Effect of clemastine on the contraction caused by
trachea to oxyfedrine given cumulatively or sequen- oxyfedrine (OX) on the guinea-pig trachea. Upper tracing:

clemastine 3.41 X 10-s M blocks completely the contraction
tially; contractions to 5-hydroxytryptamine (2.47 X caused by oxyfedrine. Middle tracing: clemastine 3.41 X
10 _ M) were blocked by iysergic acid dietllylamide 10-° M reduces slightly the contraction after oxyfedrine.

(3.09 X 10-7 M). Lowertracing:control - in the absenceof clemastine,the
contraction after oxyfedrine remains unchanged at the sec-

3. 7. Effect of reserpine ond dose.

Pretreatment of guinea pigs with reserpine did not doses of oxyfedrine were applied, relaxation only was
affect contractions of the guinea-pig trachea to oxy- observed. The contraction caused by oxyfedrine on

fedrine, thetracheawasblocked(fig.2).

3.8. Effect of antihistaminics 3.8.2. Clemastine

Clemastine (3.41 X 10-s M) added to the bath 30

3.8.1. Isothiphendyl min before oxyfedrine (2.86 X 10 -4 M), abolished

When the tracheal chains were exposed to iso- contractions of the guinea-pig trachea to oxyfedrine

thipendyl (3.11 X 10-s M) 30 rain before ctmmlative (fig. 3).
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Fig. 4. Effects of norephedrine (Noreph.) and amphetamine (Amph.) on the isolated guinea-pig tracheal chains. Tracing on the
left: relaxation and contraction by norephedrine. Tracing on the right: contraction caused by amphetamine. Each arrow denotes
2 fold increase ill tile t.;Ollt.Cll[la[ioi't_ Of the drugs.

3.9. Contractions of the guinea-pig trachea by other showed only very slight relaxing effect in cumulative isympathomimetics doses (4.62 X 10-8 to 7.40 X 10-7 M); from the cu-
mulative doses of 2.96 X 10 -6 to 7.39 X 10-4 M, a i

: Effects of other sympathomimetic amines on the dose dependent contraction was observed. Fig.4 [
: guinea-pig trachea were determined, shows the effect of norephedrine and amphetamine

Ion the guinea-pig trachea.

3.10. Adrenaline, noradrenalineand phenylephrine _.
3.12. Effect of reserpineon the contraction I

• f

' Adrenaline (5.46 X 10 -9 to 5.46 X 10-s M), nor-
-_ adrenaline (5.91 X 10 -9 to 5.91 X 10-s M) and Since norephedrine, ephedrine, amphetamine and !

phenylephrine (4.91 × 10-9 to 4.91 X 10-4 M) did tyramine are indirectly acting sympathomhnetics, ef- I
_j not contract the guinea-pig trachea, even after block- fects of reserpine pretreatment on the contractions

,' ing3-adrenoceptors with dichloroisoprenaline (3.57 × caused by these substanceswere determined. Pretreat- _,l_
10 -6 to"3.57 X 10-s M)and propranolol (3.86 X 10 --6 ment of guinea pigs with reserpine did not affect con- l
to3.86X l0-s M). tractions of the guinea-pig trachea norephedrine,

ephedrine, amphetamine and tyramine on the guinea-
3.11. Norephedrine, ephedrine, amphetamine and pig trachea.
tyramine

In contrast to adrenaline, noradrenaline and phen- 4. Discussion
i ylephrine, contractions were observed after norephed-
i rine, amphetamine, ephedrine and tyramine. In the Oxyfedrine and isoprenaline did not affect tra-
; sequential method, contractions were observed at the cheal preparations from the rat and rabbit. This!

following concentrations: n0rephedrine 6.61 X agrees with the findingsof Guigris(1969).
10-a M, amphetamine 7.39 X 10-4 M, tyramine 5.76 We also confirmed the report of Guigris (1969)
X 10 -4 M, and ephedrine 4.96 X 10-3 M. and Akcasu (1959) that rat and rabbit trachea are _

As with oxyfedrine, single doses of these sub- insensitive to histamine, whereas the guinea-pig tra- [
stances were tested at intervals of at least 2 hr. In the chea is sensitive.

cumulative method, norephedrine, the substance used On the guinea-pig trachea, oxyfedrine caused a re-
for the synthesis of oxyfedrine (Thiele et al., 1966), laxation of the tracheal muscle in low concentrations, ,
reacted similar to oxyfedrine. In lower concentrations but a contraction in high concentrations. Isoprenal-
(4.13 X 10-s to 1.65 × 10-TM) a relaxation was ine, on"the other hand, only relaxed the trachealmus- [observed, while in higher concentrations (1.06 X 10-s cte. This confirms the findings of Habersang (1970).
to 6.61 X 10-4 M) it caused a dose dependent con- Since contractions to oxyfedrine on the guinea-pig
traction of the guinea-pig trachea. Amphetamine trachea were not affected by atropine, they were not !'

i
l
l
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due to a release of acetylcholine or to an action on 1966; Paton, 1957; Schmitt, 1964; Frimmer, 1969).
cholinoceptors. Norephedrine, the substance used for the synthesis

According to Vane (1960) and Kohli (1965), some of oxyfedrine (Thiele el al., 1966) is a metabolite of

sympathomimetics act on 5-hydroxytryptamine re- amphetamine (Smith and Dring, 1970) and it is possi-
ceptors. Such sympathomimetics also contract rabbit ble that ox_/fedrine and norephedrine also possess the
duodenum (Vane, 1960). However, in our experi- ability to release histamine. This would appear to be
ments oxyfedrine did not contract the rabbit duode- borne out by the fact that the contractions caused by
num. Grobecker el al. (1972) reported that high con- oxyfedrine were blocked by isothipendyl, a strong
centrations of oxyfedrine release serotonin from antihistaminic (Von Schlichtegroll, 1957) and by

thrombocytes, but since contractions of the guinea- clemastine, an antihistaminic drug with a relatively
pig trachea to oxyfedrine were not prevented by high specifity (Frimmer, 1969).
lyser_c acid diethylamide they were unlikely to be Foster (1963)observed contractions of the guinea-
due to an action on serotonin receptors or to release pig trachea to dichloroisoprenaline and dichloronor-

_:_:_ of serotoninfrom the guinea-pigtrachea, adrenaline substances known to release histamine,
;. _ ' _ The presence of a-adrenoceptors in the guinea-pig whereas isoprenaline and noradrenaline do not
: ,_ trachea has been reported by some authors (Takagi et (Rothschild, 1962, 1966). Rothschild attributed this

_ al., 1967; Chahl and O'Donnel, 1967, 1969; Everitt difference to the strong lipoplfilic properties of the

" "_ and Caincross, 1969; Guigris, 1969). In contrast, dichloro derivatives. Oxyfedrine also has a high lipid
_'-?_ Foster (1963, 1966) was unable to demonstrate any solubility (Beckett and Foster, 1972) and may be

_-adrenoceptors and classified the adrenoceptor in acting in the same way as dichloroisoprenaline and
this organ as of the/3-type, dichloronoradrenaline.

In our experiments and under the same experimen- That oxyfedrine did not contract rat and rabbit
tal conditions in which oxyfedrine contracted the trachea, which are not sensitive to histamine, while it
guinea-pig trachea, no contractions were observed contracted the guinea-pig trachea, which is sensitive,
after adrenaline, noradrenaline, phenylephrine or iso- _ is further indication that hista_,aine may play a role in C
prenaline. Even after blocking the /3-adrenoceptors the contractions caused by oxyfedrine on the guinea-

with dichlorisoprenaline or propranolol, these sub- pig trachea.
stances did not contract the guinea-pig trachea. From tile foregoing, it is concluded, that the con-

_ Therefore the contraction to oxyfedrine could not be traction of the guinea-pig trachea by oxyfedrine is
; attributed to an effect on _-adrenoceptors. related to its structural relationship to the phenyl-

In contrast to adrenaline, noradrenaline, phenyl- ethylamines and might be due to histamine release, an
ephrine and isoprenaline contractions were observed action on histamine receptors or a histamine-like ac-

after high concentrations of amphetamine, norephed- tion. This action is observed only in very high concen-
rine, ephedrine and tyranfine without previous block- trations which are not within the therapeutic range.
ade of t3-adrenoceptors. Foster (1963) also observed

• _1..
co,it,aci,ucts of ""t**__ui,ea-pi_ tli:t_lt_-d"-_ - [O UtlliJllC[-
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