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DISCUSSIQY

For studying drug actions »‘an the ganglion, the superlor cervieal
ganglion of the eat has been extensively used because the ganglion
cells are anatomically identical, In the present study, the effects of
intra-arterially administered ganglion blocking agents, hemamethonium,
tetrasthylammonium, mecamylamine, pempldine, chlorisondamine and
pentolinit;m were analysed on the dog superior cervicsl ganglion, *“The
contractile reasponses of the nictitating mewbrane to preganglionic
nerve stimulation were antagonised by all the blockers. The frequencyw
response curves were shifted to the right in a parallel -fashion Sy
hexamethonium and tetraethylammonium indicating that these agents

blocked the dog superior cervical ganglion. The pAs, PA10, pAs =» pA 10s

and slope values were computed from the regression line according to
the method of Arunlakshane & Schild (1959), This involved the sssumption
that the doses administered intramsrterially were distributed to the
gangllon, The slope vailues‘ of the reg;ression lines of pA plots for
hexsmethonium and tam'éethylammnium were not significently different
from the theoretical ﬂlr'alue of unity for competitiwe antagonism,
Mecamylamine, pemp:!.d#gfne ’ chlorisondemine and pentolinium produced
parallel shifts of tﬁe frequency-response curves with lower doses but
with higher doses the shift was not parallel and there was progressive
flattening of the curves with reduction of maximal responses. Thua the
antagonism .with mecenylamine, pempidine, chlorisondamine and pentol inimm
was competitive only with lower doses; with higher doses the antagonism
was not competitive, This conclusion supports the findings of Bennet

et al, (1957); ven Rossum & Ariens (1959); Ariens (1964) and

Spink et al, (1958) The order of potency (pAo value) at the superior
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cervical ganglion was hexemethonium 3> chlorisondemine >.
mecamylamine > pem‘pidine > pentolinium > tetraethylammonium,
Obviously, he:;ametbonimn was the most potent blocker of the
superior oérvieal ganglion of the.dog. fhis is iIntriguing, since
all previous studies (van Rossum & Ariens, 1959; van Rossum, 1961,
1962 a, b:) and the present one with the other tissue preparatioms
are strongly indicative of the higizer potency of chlorisondamine,
mecamylamine, pempidine and pentolinium, A possible explanation may
be that hexemethonium was injected direetly *into the blood supply
of the ganglion and, therefore, the problem of diffusion barrier

was reduced to minium,

Feldberg (1951) suggested the presence of ganglia in the
guinea pig ileum, Trendelenburg (1961 a) suggested that the
obgervations on the smooth muscle with the ganglion stimulants
are made on structures which are not strictly compareble to the
ganglion cells of the nervous system, A study of the present type
on the ileum is not devoid of objections such as (i) the possibility
that the ganglion blocking substances may have an atropine-llks
activity i,e, they block acetylcholine released from the
postganélionic fibres close to ’ohé receptors of the smooth muscle;
(11) the ganglion blocking property of high concentratiom of -
nicotine-1ile ganglion stimulants; (1ii) the ganglion stimulating
subétance itself has a direct muscarinic action on the smooth muscle
in addition to its e@‘fects on the intrammwea], ganglion cells,

Day & Vene (1963) made a parallel study of the effects of the
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DMPP and acetylcholine and concluded that DMPP acted mainly at
neural sites in the ileum, In the present study with the ileum
preparations hoxamethonium, tetraethylammonium and lower doses ‘

of mecamylamine, pempidine, chlorisondemine and pentolinium caused
pareallel shifts of the dose~response curves of nicotine and DMPP,
Higher doses of the latier four blockers did not produce parallel
shifts of the dose~response curves and there ves a progressive
flattendng of the curves A‘_qith reduction of the maximal responses,
Therefore, it can be concluded that hexamethonium and tetraethylammonium
exhibited competitive antagonism against nicotine and DMPP and this
was further substantia‘bed by the slope values of tha regression lines
close to wnity, (n the other hapd, mecamylamine, pempidine, chlorisonds
amine and pentolinium did-nct exhibit competitive antagonism against
the two agonists and this was supported by the slope values of the
regression lines signiﬁicantly different from unity, These findings
confirm the observations on the dog nictitating membrane made in the
present study and those of the earlier workers (Bennet et a1, 1957;
ven Rossum & Ariens, 1959; van Rossum, 1961; Spink et al, 1958}
Aubache & Lessin (1955) demonstrated that acetylcholine action
remained unaltered while that of DMFP wes abolished after the
*!;;-eatment of the gub with ﬁotul_.’mmn toxin, These reports
notwithstanding, there 13‘ evidence, that DMPP atf.\h‘ighe; doses acts
directly (Day & Vane, 1963; Soncin & Maffii, _1959)? van Rossum
(1961, 1962 a,b) used a pyridinew3=methyl=trimethylammonium (PMIM),
nisotine snd DPP to study the nature of antagonism of the

genglion blockers vizepentemethonium, _hexamethonium, azamethonium,

trimetaphene (ARFQNAD), tetraethylammonium, chlorisomndemine,
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pen'bacyna (PRESDAL) ’ mcamylamin/e and pempidine and showed that

DMFP and nicotine are partisl agonists, PMIM vas found to use
reeeptozls other than nicotinie, Therefore, in the present study, PMIM
was not used and an attempt ;:gs made to see, if there was any difference
in the antagonism exhibited by these compounds against nicotine and
DI«!PP, Interffere:{cq by the blocking effects of nicotine and DMFP at the
higher doses was overcome by loading the recording lever lightly and
by adjusting their doses In such a way th‘at¢ qnlg four or ifive poir;ts ‘
lying on the ascending limb of the glose;.reSpmse' curves were sgleeted.
When complete dose-response curves were elicited they were "bell"
shaped or there was sutoinhibition,

competitively against nicotine and DMPP, These fipglingg were further
si;pportéd by the experiments made to get the recovery of the responses
to DMPP after hexamethonium snd chleriscndamine, The time taken (75 min)
for revovery after chlorisondamine was greater than the time taken after
hexamethonium (15 min), In generel, it was chserved with rebbit and
guinea pig isolated ?.lqt}m that thp recovery of t!_xe Tesponses. oceured
gf_be:r 50 to 70 min following high doses of mecemylamine, permpidine, .
chlorisondamine and pentolinium and after 15 to 20 min following high
doses of hexamsthonium and tetraethylammonium. These findings were
further apbsﬁmt}atqd by the*?afto;}»&_ngqg (1965) enalysis according to
w!;i.c»h' whex_: two aptagoqists compete to ocoupy thg same ‘receptoxjs t)?a'n the
dose ratio (DR) = (DRy+ DRy = 1) and when these entegenists ocoupy
different reeeptors, DR becomes the product of the dose ratiﬁqs of ’
the two antegonists given separately (DRy x DRp) where DRy and DRp
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are the dose ratios of each of the antagonists given separately,
The dose ratios were 9 and 4 respectively when hexgnéjhpqniuq and
chlorisondamine were given sgpa:f-ato_lykanglm\gﬁ?n they were given
together the dose ratio wes 38 which is ecdose to 36, the product of
the individusl dose ratios, Results with cummlative end single
expostres of the tssue o the same dose of hexsmethoniu and
chlorisondamine also strengthen the ebove conclusion, The dose

ratio with cumulative exposure to & given dose of hexamethonim

vas not éiffe::egij. from that with single exposure to the same dose
given all at once, Fovever, with olorisendsmine cummletive
oxposures yielded higher dose ratics than single exposure to the same
of chdoriscndanine supporting the earlier conclusion that the former
acted competitively while the latter did not. The results cbtained
by the use of hexamethonium end chlorisondamine m‘coljnbh.mt_;io;n
against DMPP also suggested that hexamethonium afforded _protection
to the receptors against the effect of low doses of chlorisondamine.
However, ageinst higher doses of chlorisondemine protection was not
afforded by hexamethonium, These. fipdipgs‘_ooz;f;;m the results of
MeIseac & Millelschoen (1963) who showed that hexamethonium in
intensity of the block and suggested that this was dus to the
pcgtnpa;‘f;iqn_og lerge number of receptors when the two drugs were
used in comliinat:!.on.

-
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' Atropine acts at the postzanglionie parasympathetioc ef‘f?(:tors
and blocks acetyloholine competitively (Arunlakshame & Schild, 1959).
In the present study, the blocking action of atropine of the responses
of the isolated rabbit ileum to DMFP was not competitive since there
was a nonparallel shift to the right of the dose~response curves and
the slope values of reér_eseion iines of ph plots were significently
different from wnity, These findings are in agreement with those of
van Rossum (1962 a,b) who reported a nomparallel shift of the dose-
response curve3 of nicotine by atropine with guinea plg jejunum,

] When responses of the rabbit ileum to nicotine and DMPP
wers registered with auxotonic lever the phenomenon of "fade"
reparted by Paton (1959, 1951) uas not observed for 3 to 4 hr. As far
as the maximm in the time-response curve and, therefore, the ffaje"
phenomencn 13 concerned, the use of en isometris or awtotonie lever
foar registering the responses (Paton, 1959, 1961) may easily induce
such a_phegomganon as an aiyti@.pt. In the isglatgd organs brgught fso
contraction under isometric conditions, high tensions are bullt wp
to which the organ mey give way by a change in shape, 1i,e, elongate,
This in turn will result in a "fade" in the tension developed
originally. Even with the isotonie registration, the further the
muscle contygqtq, the more the origina%l;{ iso_t.pr;ic gor;t;:act;png 3
become isometric. This implies thal the interpa). tensions bullt up
in the piece of the gut may possibly lead to the "fade" phenomenon,
The "fade" can easily occur as an artifact., For the 9;:;;9;3.@;11{@1 _
s_tudy of the timg response rgl‘atmsr iaobonig registering seems to

be safest, The possible reason for not observing the ¥fade"
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phenomenon in rabbit isolated ilépm (in thg_gresen@:\study) could be
due to the presence of strong rhythmic pendular movements which may

act as check to the high tension built up,

~ The results with gq}nea‘ pig 1leum were similar to the
findings with thé rabbit ileun i,es hexsmethonium and tetra-
ethylammonium antagonised nicotine and DMPP competitively whereas
antagonism by mecamylamine, pempldine, chlorisondamine and
pentolinium was not.pompet@}yg. "Fade" disoussed above and reported
by Patoﬁ (1959, 1961) developed very soon when responses were
racorded with auxoton'lc lever. Therefore, a detailed study could not
be done with this lever. These observations confirm the findings of
Paton (1959, 1961) in connection with the development of the
phenomenon of "fade" and also of Ariens (1964) who reported the
davelop!{;én"t? of “fade"‘» in the heavi}.y 1oa{vied4guir_1ea_ rig ileum and
if.s absence in the 1ightly }gaded_piege of guinea pig 1leum, _The
appearance of "fagig" in guipgg plg ileum may be due to lack of
strong pendular movgrqegtg. ;ﬂ}e curves obtained with “Dbjﬂ_’P or nicotine
with g_uinea p:!._g :’L':lfc_mn’y:ere more steep in j:}lg absence of the -

entagonists confirming the findings of Trendelenburg (1961 b),

"l‘hwe _gqinga. pig .hy;oi)?gastric_ nerve vas deferer;g was used to
study the action of ,c@.;atrxgg,rl:tcu?~ blqg:?ers on the peripheral ganglia
- situated on the hypogastric :nerye; The existence of the ganglia on
thig prepa:ration was .gndexj great pmtxjoye‘:jsy in the; early gixties.
Cheng & Rend (1980} end Burnstock & Holmen (1?61 »1962) assumed that
the majority of fibres in the hypogastric nevve distal to the

inferior mesentric ganglion were postganglionic, Sjostrand (1962)
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however, pfovided clear indication of the existonce of syneptic relay
in the hypogastric nerve, and histological studies by Merrillees et

al, (1963) have demonsirated ganglionic cells in this nerve close to
its entry into the vas deferens, Bentley (1962), reported that
bretylium, guanethidine, nicotine and DMFP at high doses bloeled the
responses tc,f hypogastrie nerve étimﬂation vhile physoatigmine and
carbaminoy]? choline potentiated the responses, Birmingham & Wilson
(1963) suggested the presence of ganglie on the hypogastric nerve
because transmural stimulation of the vas deferens produced contractions
which persisted in the presence of high concentrations of hexamethonium,
pentolinium, ni.cojl'.ine, DMPP, and mecanmylanine which simmltaneously
abolished the responses to hypogestric nerve stimulation, The
adrenergic nature of the postganglionic fibres to the ves was
deménstrabed by the use of dihydroergotamine and phentolamine, which
abolished the responses to posiganglionic nerve stimulation and to
added noradrensline, Bretylium and gusnethidine also blocked the
responses to nerve stimulation at the adrenergie neurone blocking
dosage, Bentley & Sebine (1963) slso 4id similar type of studles for
showing the presence of ganglia on the hypogastric nerve supplying

the vas deferens, Hexamethonium, nicotine, pempidine, and d-tubo-
curarine had no blocking action on the respomses to transmmral

stimdi, yet at the same concentrations they completely blocked the
contractions due to stimulation of the hypogastric nerve, The authors
claimed, that tﬁese drugs have no postganglionic sympathetic bloeking
action, but act solely on the ganglia in the hypogastric nerve,
Hemicholinium produced a complete block of the responses to stimulation

of the hypogastric nerve, wheress the transmural stimulation was
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partially blocked, On the other hand, hemicholinium did not reduce
the responses to added noradrenal:lng. Thus, these authors proposed
that hemlcholinium, like hexamethonium produced most of its blocling
action on the hypogastric nerve by blecking the ganglia, not by an
action on the adrenergic neurones, Ohlin & Stromblad (1963) using
this preparation with the nerve electrodes moved to a point 1.5 mm
avay from the organ produced contractlons which resisted ganglionice
blocking concentrations of hexamethonium, By staining the hypogastrie
nerve with methylene blue, these authors showed the i;;resenoe of
genglionie cells near the vas deferens, These cells flouresced when

examined by the method of Falck (1962) for moncamine,

In ,'the present study, reaistence of the responses to block by
hexame thoniunm, tgtraethylammmium, mecemylamine, pempidine,
chlerisondemine and pentolinium was observed when the stimulating
electrodes were placed at 1-5 mm away from the argan (the electrodes
ugsed were the protected and sliding types whereby there is very little
chance of stimdating the vas deferens directly). However, the ganglion
blockers blocked the resporses to stimlation of pregsnglionic nerve
trunk, The order of potency, in general, was the same as obtained with
the isclated rabbit and gu:!;:ea pig 1leun i,e, chlorisondamine was the
most potent followed by mecamylamine, pempidine, pentolinium,
hexamethonium end tetraethylammonium in that order. All the blockers
shifted the frequency response curves to the right; with lower doses the
shift was parallel, whereas it was nonparallel with higher doses and
there was progressive flatiening of the curve and reduction of the
maximal response, These findings indicate that at lower doses the
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antagonism was competitive and at higher doses the antagonism was not
competitive, Hence, it could be concluded that none of the blockers
tested acted competitively in the enlisted range of doses at the
peripheral ganglion situated on the hypogestriec nerve, lPerhaps s there
was a combination of competitive and "not competitive" antagonism,
This difference in the nature of entagonism could be explained. on
the basis of behaviour of the ganglia reported by Zaimis (1965). who
shoﬁ;d that after treating the rats with nerve growth factor anti.
sera for producing immmosympathectomy, the mesenteric ganglion
escaped destruction whereas paravertebral ganglion was completely
destroyed end the gpeliac ganglion was atrophisd to the extent of
75%. Vas deferens after this treatment showed an increase in the
uptake of perfused Hs-noradrenaline whereass heart, spleen, 1ungs,l
kddney, small intestine and colon showed a reduction in the uptake
of the 1ab911@d noradrenaline, Another interesting instance of anti-
serum resistance was observed in the peripherally located adrenergic
ganglia which provide for the innervation of the vas deferens or the
uterus. A histochemicel investigation by Hamberger et a1/,\(1965)

- showed the peraistence of the flourescent adremergle nerve fibres
‘around the vas deferens of the rats treated with antieserum, The

* 8ite of origin of these fibres was traced to a large ganglionie

‘complex in closegpposition to the caudal portion of the vas deferens,
This ganglion was only slightly reduced in size in the experimental
animals and. the in@ividual neurcnes were apparently normal,
Hamberger et al, (1965) concluded that these adrenergic neurcnes are
structurally and functionally different from other adrenergie |
neurcnes, Such findings they pointed out,"call for caution" in the
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interpretation of pharmacological data with this test orgen.
'"Dgnae-core“ grenuler vesicles are present in large number in
contro]_.s whereas they ocour extremsly rarely, if at a1, in’fhe
heert of rat treated with the anti.serum, The same vesicles were )
reported to be entirely absent from the submaxillary fraction of
fmmmosympathectomized mice and rats but were intact in the vas
deferens (Sjoqvist et al, 1965).
_ The existence of unususl ganglionic stimlatary pathwaya

has been pointed out right from forties, Salerno & Coon (1949);
Holmetedt (1851); Root (1951) and Long & Eclstein (1961)
reported that the intravenous dmintstration of pilocarpine,
neostigmine end other chblinesterase Inhibiting egents na
hexamethonium or tetrasthylammonium treated dog elicited a pressor |
effect instead gf_g_depressor effect and this wes blocksd by
atropine, Reszkowski (1961) reported thet the pressar sctivity

of Mofl-4-343 1s dus to stimlation of symathstio gunglion and
adrensl medulla, Further, intra-arterial aininistration of
NGll-4343 nto the superior csrviesl ganglim slisited stimulstion
of nictitating membrane and ;intrqveqqug administration of the
same doge failed to stimulate the nlctitating membrane and
injections to t!:gi;nembrggej@ilegj to show the effect, Seetion

of the postganglionio fibre of the superior cervical ganglion

214 abalish the effect, The action of Mol-A:343 at the superior
cervical ganglia was similar to that at the other sympathetio
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ganglia as responses were abolished in syupathetetomized and
adronalec‘bomized animals. The same authors proposed tbat McN-A—343
and atropine act specifically at certein receptor: ereas in a mutually
antagonistic and competitive mamner. That this entagonism occured at
ganglionic sites was Indleated by experiments in which it was shown
that the comtraction of the nictitating_m@bpane resulting from _
ganglionic stimdation indgoed by di;'ect‘ intrgx-arteria].‘admxipiatrétion
of M0N7A;343 to the superior cervical ganglion was se]ﬁ.ectiygly‘ ]
antagonised by injection of atropipg in the same area, Other workers
ha*{'é also reparted bloclkade by atropine at the ganglion, Trendelenburg
(195%) showed atropine antﬁgpp;sa}l against pilocarpine, Franko et al,
(1963) reported gimilar pharmacological properties of amother
synthetic agent, N-b'enzyl-—-:ha;?yrrglidy‘]: acetate methobromide
_(@soz), Bainbridge & Brown (1960) reported that atropine and other
peripheral parasympathetic blocking agents are not appreciably less
potent than ganglionic blooking agents i,e, hexamsthonimm in producing
genglionic block due to pregenglionie nerve stimulation, Atroplae
exhibited a longer duratimn of block against MgNé-A_-MS ‘than against
the nerve stimulation, Levy & Ahlquist (1962) 'emg!?a;s_izeq the
sinilarities betuoen grows of the ganglion stimulants that are
antagonised by cogy@ntional blockers and those that are sensitive to
atropine inhibition, .

o The present study shows that atropine acted competitively
since 1t caused & parallel shift of the agonist dose-response curves
and when the data werve subjecte‘d to analysis according to the method
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of Arunlakshana & Schild (1959), the hypothesis of competitive
antagonism wes confirmed,

It is concluded that hexamethonium and tetraethylemmonium
acted as compestitive antagonists at the superior cervical ganglion
of dog, and rabbit and guinea pig ileum, Hexamethonium,
tetraethylarmonium, mecamylamine, pempidine, chlorisondamine, and
pentolinium did not act competitively at the peripheral ganglie on
hypogastgic nerve innervating vas deferens, Mecamylamine, pempidine,
chlorisondamine, and pentolinium did not act competitively at the
supsrior cervical ganglion of dog and rabbit and guinea pig 1leunm,
Atropine antagonised competitively the responses to the two
"non-nicotinic" ganglionie stimulants, muscarine and McN-A-348 at

the superior cervical ganglion of the cat,



