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STUDIBG ON VHE MODI OF AGVION OF
ﬁzpﬁALLAzimh-AND;H@sﬁhmeu

by

w.ﬂ.mlrpekar,B.gc,(Hons@), BebCs (médh.ﬂons.}

(April, 1959),

Hydrellazine and reserpine are used in the treatmﬁnm
of hypertonQion and reserpine is also employed 1n the
treatment of certain forms of mental illness. -.Hypgyhgses
regaxding,the.mé&e of action of these drugs are“h@@é#aus.
Thus hydrallazine is believed to aet-on-ﬁuefvaéﬁﬁd%pr
centre,and reserpine.tpiﬂepxﬁsﬁ oe@ﬁﬁal sympaﬁﬁéticNtoné.
Reserpine is #lso heliévéd ﬁ0fmadiatehitﬁ aamiﬁnéﬁhy
111:»@1‘&1:5.1‘1{; : _qudrén&liiﬁe*and 5-hydroxﬁ'm‘fypt"tﬁ“:“iﬁhe from: the
brain and, in the case of noradrenaline, irmm the artermes.
The. work desarlbed in this: ‘thesis. was . undartaken to
,cimplfy aame @spaets«oﬁ the mode of action of thesme drugs

at cellular level.

| prexlmentnl evidence hag indicated that hydralla&-
ine, dxhydrﬂllazine and related compounds did not: antagonmse"
1certain pressor reflexes - natablywthe PLEEsor: responses
due to centrsl vagal stimulation, bilateral:carotid
oceluslon and -#@noxiae This speaks against thelr having







a cenwtral plte and mechanism of action, hecause if this were
po, all pregeor reflexes medimbed vig the central newvous
system should be antagonlsed or depreassed, This does not,
hoWavar, rule out the posgibllity that hydrallazine aets
gpecifically- upon certain celd gxbnpa,in the central
nervouy system. Hydrslliagine antagonised the presasor
effects of adrenaline more than those of porsdrenaline, and
the antagonism of +this drug o some precsor reflexes only
war explained by assuming that there are quantitative
variations in the proportions of the two huméxal agents
secreted durdng therinitiaﬁion of these reflexess The faot
that hypertension ceused by constant infusion of a solution
of adrenaline wag promptly brought back o normalslévels 
by‘hy&rallamine, algo favours a periphefal gite ofraetion

Tor this druge.

Many of the éfﬁeoﬁa of hydrallazmne'and reserpina
can be explained by aspuning that pboth drugs interfere with
the noraal energy=-yielding mechanisne of the emooth nuscle
celle It has been shown that hyﬁrallazina-haa an effect
upon. carbohydrate metabolism which underlies ite actions
upon isolated arterial smoolh mupcle. Intermediates of
carbohydrate mﬁtaboiimm antagonised hydrallasine depression
of drug~induced contractions of erterial swooth nuscle,

The reseérpine effeot'wgﬁ g0 pergistent that the tissue did
not / |

2e



2

not recover. .Anaiia and,éyahidé”alaa antagonised drﬁga .
'induced»eémtrégtioﬁﬁ of arterial smooth musele. o
- Intérmediatea of emrbohy@rata me tabolism gavéfprotection
-again&t mnaxma dﬂd not agning’ eynmjdp. he. uge of
f'hydrqlla4ine was, in,effect, anaicgous %o rendermng the

tigsue anoxics

heqerpxne dxd nok have mar]ed efiecta on tispue
',respirabion while hyﬁrallazina depr@ﬂaed 1t. Reqerplne;
'*waa found to cauwe in vive. 1nhibmtian of oxildative
'.phoophoryiﬂtlen in ret brain and liver, gince the ATP/ADP

“yratio Was aig nxiicanmly lowered. Hydrallqaina had

'.“qimil&r efieata 1m brain and liver._» Nbither drug

-'mﬂfluenoed the adenosine nucleotide levels in rat skalotal ‘
”“musela*and henrta On:the basis of thig experimental '
evmdenae it haﬁ been suagested that hydrallazxne may

interf&rb thh blOlQ zl ozjaatlon and reserplnﬂ with

,oxid%tlve phoqphorylariona

It hag b@en.Qhewn tnat rewerplne depletcd the _
‘-.ﬁurcnal meaulla 0£ cmteahol amines and ATP in roughly the -
>,aame prOpertmons¢ dinoe‘the-charaeternshma braakdown
:pruducts of ATP (ADP and AMP) were nat found -~ ag they
'ware founa in brain. and liver - it is suggested that ATP'
poaaesses a. Jp&@&ﬂllﬁ@d funmtjon in the atorage or

‘~relemse of catechol awines from this gland .

Inhibitors /-



Imhibitors'pf m@ﬁabolimm, such og oyanide and ﬁNP;
have marked effects on the trangporﬁ oflﬁodium.and
potassiua long in tlesues,. Raserﬁineqwas fouand to
have practically no effeaﬁﬁeithar upon the release of
potaamium or on the uptake of potasgssiun and sodium.b
Hydvraliazine, hawuver, Juareaﬁed the relaoae of pota391um.
It decreaged potassiun retention but inoreased sodium
retention. Cyanide and azide increased potassiun
release but anoxia and DN haﬁ no effects On the other
hond, cyanide, azide, DNP and anoxia had marked effeots
on sodium and potassium upbakes wnnch usuvally::;
voried inverselyes Thus a reduction in the efficiency
of the enzyues controlling metsbolism may reduce the
ability of musele to retain poﬁaﬁaiuﬁ, resulting in

the releasse of this ions

Hydrallaszine formed chelates with differvent metals,
and the iron-hydrallazine chelate wag shown to be inext.
Hydrallazine in high doses inhilbited catelage, depressed
the iranncatalyaéd oxidation of eysteiné 0 cystine and

wos shown to coause haemolysis.,

Loges of reserpine anﬁ hydrallaéina uged in this
gtudy are consideved by the author to be comparable to
those used in man. fSince the intact experimental animal
or man is more gensitive than the isolated tiseue or

orgen /
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organ, the slightly higher doses uged in some experiments
on;iealatad tigsues do in fact approximate ta‘the
therapeubic doge levels. It ig finally suggested that
interference by these drugs with tissue wetabolism may
regult in a decreased aveillability of energy for muscular

contraction, Tt is postulated that hydrallazine produces

an "anoxia-like" condition in smooth muscle, while in

oxidative phosphorylation, reserpine acts ag an
apcoupling agent®.  Such an effect may explain the
reduction of inherent tone in vascular smooth muscle end
is probably responsible for the lowering of blood

Pragaure .
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GHAPTER I .

IN®RODUCT T ON

Although congiderable efiort has been expondod in
seelking the mechanigms which uaderlie humqn esgentlal
hypertension, we atill 1ack;knowleage oi the cause of the
generaiiaed iﬁoreaae in peripheral Vascular regigtance
thoh &ppears to be the fundauental abnormality in this
condltion. Gonsequently, qttempta aL therapy with drugs
'.rcpresent treatment of the gymptons rather then the
'underlylng disease; a situabion which is similer to that
Qf treatlng hyperpyrexla without knowing the eauae.
Howcver, juat as 1owering fever 1ntermittenily may permlt
the patienx to ﬁolornte the toxic process more SUCCEBY e
fully,vﬁa reduetlon ol excessive hypcrtenalon - aven

artlally = may. help the patlent to withgtsnd the ravages
nf the @189866, provided the blood flow to vital orgens
remains adequate. Therefore, reduction of extremely
eievaﬁéd:pr953uré in the vascular system - even if only.
for short pericds of time *}aeemé,rational in an attempt
to reduee eardiao work, prevent retinal and cerebral
| haemorﬁhaaés, and posggibly to preveni progressive damage

(1 2) gsome hegitate to aoaepﬁ

to the arﬁeraolar wall
this v1aw, for:they regard‘high hiocd pregsure as a gort
of compensabory process by which tissue nubtrition is.

gecured during the presence of constricted blood vessels.

Perhaps /
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Yerhnps the view most widely held is that blood pressure:
reduction is desirable, but that to take this too far

ig to rendew the patient mora‘suscepﬁibié'ﬁo cerebral

and goronary aecidenté. The clinical improvement which
hag followed effective hypotensive therapy does not support
thé view that high blood PTessUre  8erves éfdinérily asg

2 qmmpensatory process. This school of thought believes
that "whatever the underlying diseasc, the course of
hypertension is likely to beféf-ﬁhegmalignant type if

the arterial pressure is suffidianﬁly-raisedg and of the
benign type if the rise ig less“. In short, higﬁ

blood pressure is regarded as a symptom and nol as a
diSGase(ﬁ). Fibrinoid arteriolar necrogis and
papilloedema are thought Lo be due to high intra-

arterial and cerebrospinal fluid pressure respeclively.
?ickerinél'z)and Smirﬁz)feel that hypbtenaive agents can
cause'regresaionloﬁ these lesions and improve prognogsis.
On. the"othér(hand, acute h&poteneian»may precipitate

such conditions as cerebral thrombosis, renal failure and
coronary ﬁhrdmboais if regional circulations cannot adapt
.fo lowered perquion Pressure That such accidents do
not often happen during hyﬁdtensive therapy is probably
the result of the intrinsic ability of the regional
eirculations to adjust to lowered perfusion pressure.

These /
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X’These differencea of vascular behaviour nre impcrtsnt £rom
' the physieloglc 1 poznt oi view beemuse they ean be
'omrrelated with dlfferenoea in the funotlons of ﬁhe-
inﬁividual argans. They axe. alao o£ partloular 1ntereﬁt
’.becduse bhey may pxavide information ﬂs to the nature of

fhhe agent by whmdh arteriml preaqure ig raised.

| ﬁn ideal antihyp@rtenSLve drug should produce a
Tfprolonwea reductloﬂ of blood pr@saure in a large percentage'

'Lof pationﬁs through generalibed perlpheral vaaodilatation '

{f_j”without slde efﬁeets oxr” development of tolernnne durinp

:;-prolonged administration; A dru of limmted practioal S
‘Vvalue 1er prolonﬂed udministratlon shauld net cause the

l;development of marked tolarance; side efrects qhould not

flw,be aevere nough to iﬂterfere with the patlent's normal

.iway of llie; diestolio blood pressure should be reduced

:"3by 20 mm. Hg. or nore ﬁor ona fourth o one helf of @aoh

"'day. ' Caxdiac output, and renal and, eoronary blood flow ”;'

flahould not be reduoed signifioantly.

Unfortunately such ideal antihypertensive drugs are
Vnot so far avallable. " The exinting ﬁrugu fail to meet the-:

7requ1ramenﬁs 1isted above, and in thig qense are 1ncomp1ete.

’.‘AThe progreqs of axperimantql phurmmeology in the last

- few years can be judged from the fact that the medical,
o treatment /
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'?f:treatment of hyportenmion in 1948-49 qu confined almost

wholly to thiooyanate, pmpaverime nnd nitrite thorapy,
4while ra@ont th@rapy inoludeﬁ at lbﬂﬂt five other
”antlhyperten31ve drug& which, for the most pﬁrt, are
undor clinlaal evaludtion and are qcoepted 69 superior to

'thiooyanntes etco Houhler ‘and yontnﬂ(4) hqve auggeaﬁed

the following clausifioation of the. antihypertenqive s

'_dru&ﬁ accoxdin ta their mades Gf'nctmon.«

I. nru 23] which inmerfera with avmpzthetic vasomotor
- \&Qtiifi’bmt .

A. Adrenarpio blecking agents:

Béhalaallylamines (dibenamine,ph@noxybenzamine)
inudazolines (tola ulinp, phentolmmane)
benzadioxaneg (banadmine)

yohlmblne ‘

the alkaleid& of ergot.

" Be Gﬂnplion blovkingAagents:

Quaternmry ammunium oompeunds (tetraethylﬂ
aunondum, bismethonium compounds,
| piperidium oompounda)

thiophanium dorivativea (trlmetaphan).

G. Oontrnlly aating inhibitoxrs of svmpathetio
- vaammotor activ1ty;. :

Dihydrovenamed alkaloids of ergot

penﬁaquine







(uontinued)
o nydm:u o.m.ne .

D. Dru&s aotivating afferent vaaoular reflexes

Vera#rum alkalcids..

' II., ruﬁa matin& d;rectly on Vaseular smooth mu@cle. E

.Pwpaverine, nitrites, ﬂdenyllc acmd.

lLL. ﬂruga exortin& unknown Qr mixe& offectm.

Hyuralla%lne, thiooyanatea, sodium

nitroprusside, Reuwolfia eerpentina, s
N v1tamins, dlmorcaprol, pyre sens,
- bienmuth and cobalt sqlts, olemental
lodine, oe fieine._

aThe alhalomds of R, serpvntina (of which reserplne is

 the moah mmpurtant) and hydr&lluzxn& - 8 hydr851nophthalu

azina s are used in the treatment of hypertenqion. Both .

vrewerpine and hydxnllazine are believed to act on the
vasomotor oentre in ﬁha brain but some recont reports
_auestion the truth of thiq assumption, and it is suggested N
thaﬁ thay may 81&0 have 8 peripheral component. The

‘ woxk presented 1n.thiszthebis is an attggpt to explein,
 €% iaﬁsf‘in5§ﬁrf- the mpdesgof'aqtibn\ofjféﬂerpine and

hydrallazzne (}1 o 1o1)e - It may be usaful»therefore to  "

o oglve a “bried review of some of the more reievant aspecﬂs

._oi /
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of the subject,; and to atiempt to sssess the present

- pogition of these drugs. ‘

Of all the Rauwolfis slkaloide so far isolated, the
one which has been most extenvively gbudied both in
lqbor uory nd ollnLc is reserpine - the firet alkaloid

GO amapl&y.ﬁhc peculiar tranquillising and hypotensive

OLEQLLS asgocisted with R%uwollla preparations.

-Reserpine cauges a slow and relatively prolonged
reduction in blood pressure WhLeh is greater in
hypertena;ve than in normebensxve humsn aubgecbq(b)
Regerpine hag very little effect on the blood presmsure
of experimental enimele if this.is already low. Thus
no depressor response can be demonstrated in spinal ox
decerebrate cafs(G) ‘The reduction in blood pregsure is
aceompanied by a distluet bradycardia Whieh im unaffeotcd

(6 to 9)

by atropine? Bince cardiac funet;onugg‘vrvo

(10) and in animala(ll}

ig generally unaffected in man
during a siwnulbaneows reduction of peripheral regimbance,
it has been cchIudea(lg) that the fall in blood préssure

ig due to peripheral vasodilatation.

Hespiration ig depressed by reserpine in all animal

species /
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sgeéiegjﬁtudied(Z*ls), - HOWQVGr,uthé$va§él'féspifats?yw’ B
r@flex and tbe genaiﬁivity_to electrica]»ﬁfjmul ation of
the medullqry nream, whieh'are associatbed W1ﬁh re uplratory

roflexea, nre un1n£1uenced by're @rﬁune(l4)

“ Tho suggemtion hag been made thnt the awbonomia
actLOES of res cwpino are aue to offechq on thc
‘;aypothalamus and that- ohangos 1n the temperameni and
.acbxvlﬁy of anjmdls, with somnolcnco ﬂnd des &ened
&ﬁgreasion, mnay be due Wholly or in part Lo oifoata on
thls[part_of‘thevbrﬂln. ' dhn01der(15) nebos the
‘suppreﬂsion,af the man1*u¢tﬁtion$ of dhmm rnge,ln cé@s.f
L mhe.éhéraeﬁeristic increase in appet;he ﬁﬁd Dain of
welsht may also be of hypobhalamic orlgln.

The*pattérn'afu@ffaats'9een after administration of

(15),

reserpiﬁe hﬁs been’ eompared c“yndrome reported by :
-'Hesa(ls) following eleatrical atmmulation of certain

dlencephaLle structures in ﬁhe catie This simalarity :

‘oﬁ the actions of res erpin9 to thome of hypothalamic
sﬁlmulation, coupled with Lhe abdﬁnoe of a peripheral
antlsympathetlc action, nglionic’ blookaae or permﬁher&lA'

vagal mtlmulatian, led Bein anﬂ hig col]cagues '7) and

other workers (8 t0 11?13r17),t0 suggest that the acﬁion,

~of /
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ot reaorplna was @rodomlndﬂtly eenbpql ;15 wﬁe exact qi£e 
ﬂvor the aetlon.hap not.yot beon demommtrutod oonc]uumvely.
.it hag been p01nied out (0 14) howcver, Lhat many of
vtho affects faliow1nb ﬂdmlnlﬁtrxtion of the drug can be..
expialned by adsummn& partlml suppxcs ion-ai; ympathetlcr 
. tone. this hypoﬁhea*a is uupportcd by the fLﬂdlng that
relabivaly small doges of reaerp;n@ blaok tho reflex
'preaaor Iegponﬁa to. cdrot¢d sinuq ocgluglon in does(9'14)
and cats(b#9,14),~ . 1hera ie no direct effect upon ' ‘
fﬁé'streﬁchyrecepfbrs uf_the'carotmd slnus. ,-Whe drug‘ 
does not éffecﬁ the préqgor PCESHONE £0 afferent vdgal”
atmmulation An.tho aao(9)0“ cqt(b'r) o1 to ﬁtnmulwtlun(6 18)
of thc scidLj or tibial nﬁrvc in cats; and the presgor‘ -
TeE ponae to xnﬁwacranlnl pfeaaure in dbgq ig not prevented(ll)
N7 has, ﬁh@reioro, heen sugoumted that resorpine probably |
wcts at . a pmlmm highor thwn Lhe medulla, poasibly on the
afd orunt 1nflow wn¢ch narmally s»;mulahes sympaﬁheblc |
»éoﬁivity in the hypothalamus. B&in.suggested( 4),
(fbllowing hié-démonstfaﬁidh of a partial revwraﬁl of thé‘
earotid 31nus praa sox rgflex blach by veotlon of “the braln :
gbem) that reaerplaa &1imulated eertnln normaliy | “

(1)

lnh;bitory “aubstanoea“ in Lhe br&¢n. Deggupta. ot g

'fmumd a gr@atly,augmﬁnmgd regsponse tQ:aJaqlutioﬂ of

totel /




9.

total Rauwolfia alkaloids when theseo were given

iﬂtraciaternally'féther than intravenously. Bhargava
and Pori&on(lg) and Horwitz\qnﬁ ang(ae) demonﬁtrqtéd
that reserpine depresses the presqor rcaponsea from
brain stem vasomotor eentrea, and thab the madullmry
vaaamobor contres ave susceptible to reserpine even after

midceolllicular decercbration.

he effectsuof regerpine on ﬂhe Ak E.G.»are usually
slight and varioble e.g. the responses in the
eleetrocertloogrﬁm obtained by direct stlmulqtlon or by .
peripheral stlmulwtlon of the roticular activatzng system
are not altered significantly by reserpmne. Killam
and lelam(?l) failed to show a chenge in the threShold
of this area or in the thalamocoritical -
racruiting cifcuité-in cata, In view«of the alleged
central mode of aection of reaerpine, one mi ght expect a
change in threshold of the reticular activat;ng syatem
after administration of reserpine. In the absence of any

chonge, it is rather difliocult to aupport~thi%'éssumpﬁion,&

That reserpine may not act per ge is suggested by the
long latenecy in its action and by the fact that its actions

in vivo are seen long after its presence can no longer

ve /
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be det@otca the. extrcme 1nmolub;11ty of rcmerpine :
mdyfbe re pansible for the 1%tency oi acLion, On.the
other hﬁnd mudh attcntlon hasg recenbly boen focuaed . oo
‘upon certain 0b§@rvatipns by Brodie and.his,colleagues(zz to 2
end others 2l ﬁ? 29) who féunthhgt résgrpiﬁe‘liberated?;
Béhydroxytryptamine from the brain,-intaﬂtinalltréot‘,;v
spleen, maﬁt cells and platelets of various anlmal speoies;
Brodie and his co-workers()o) have poa ulated ﬁhﬁt the

primary aetmou of the active Rauwolfia alkalqids is tq

impﬂir'5~hyﬁroxytryptamine'binding sit@s in the bodye.
In congequence the buhydroxytrypbamime in varmous
depote (1nolud1ﬂg bhe braln) ia released and motdbolxaed

by the action of monouamlne oxid&se. The 5whydfoxy~'

tryptamlne that contlnucq to be formed presenﬁﬂ 8 |
persiatently low conoantrwtlon oi free )uhydroxytryptqmiﬂe
o braln tiaoue. It lﬁiﬁhlﬁ Tree Sdhydroxytryptamlne |
that iﬁ conaid@red ﬁo‘exert'the central‘actiOhs

attributed o regerpine, . These aétions-perqist until
the bmndlng smb&s have recovered or until- new ones are .
1ormeag Hence the,pc$$;bmlltyvex;sta.ihat reserpine .
acts by iﬁpairing(thé‘cabaéity of the'cells-tb bind
_SAhydroxytryptamlne(Jl)

the /
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" ‘the central“ﬁérvous system amppears to be’ related more to -
the 5S-hydroxytryptanine content of the brain'then to the

concentration of reaerpinecgg),

(32) put forward an hypothesis that

Brodie and Shore
. 1mplioqtov‘Sehydxoxytryptamine and ‘noradrenaline as |
dhemmcql mealatora af mutually nntdgonistlc cenbres in’
the braine They abtampt to explain the actiona of the -
ﬁﬁ( Lr%%qullllzlnu agents, roserpine and ohlorpromazine,
and the hallucinogenic ag@nia, lyaerblc ﬂcmﬁ ﬂlehbqumlde
(LbD) and nesealine,in terms of 1nteractions with
Béhydroxytryptammne and noradrenaline in the cantral

nervous systems. It iam subgested that nhydroxytrjptam—

ine'acté'aa a ehemlcal mediator in braln. The amine
is unevenly distributed in bramn, its conoentritnen being
hlghest in the hypothalamus and lowest in the cortex,

- with cnly tracea in ‘the cerabellum(ﬁ)) Relatlvely
11rger qudnblties of pwhydroxybryptumlae are founﬂ in
the hypothqlamus thdn 1n any other ndrt of fho hrain,~*?f
qnd gince the hypotbalamus eonbro?a many cf the
iundqmental prooesses of the body Cela vasomotor tone,
body»bemper@ture, fat,, carbdhydrmie and wwter metabolisml |

etce; it has been suggested that this subsﬁance may have

a /




phyQiolamical ai@niiiomﬂce in the apecialiaed funotians

1*of thla region. TESumpnrt icr the aug&egtion that

':Bnhydxoxytrypt&mina plmys a parw in narve tranqmisslnn

is providad by atudles oi the dﬂatrmbuﬁian.af mono~
.;»&mine exidame, the enmyme whiﬁh m@tmbolgsea it amd
,‘5hhydroxytrypﬁ0phmn deoafbmxylﬂsa, tho en&ym@ which T
catalyses its synﬂheaim frem tryptmphan.' Both of theqa e
enzymﬁs hava bee raporﬁed by Gmﬁdum and Gizrman(j4) to
be preaeﬂt in.hi&hast conmontr tiana in the hypothalnmic
qreas. ' Welqh(33) in hig work wiﬁh melluees tronglyf
argues for naurﬁhumeral rala for ﬁwhydroxytryptamine

in cerﬁain inve?tabrateﬁ,

Béhydroxytryptamlne may be . TBlEﬂdGﬂ in minute mmounta; '
,at aynaptio 3uaetions where it may aat as & chemical
mediator initiutinb nerve impulses in powtaynaptic ‘.
fibres. Resexpine, by impairing the sites whioh hold
'bwhydroxytry@tamine in a buund Fform wiﬁhuut blooking
the aynthenia of the amine, wauld present & low but BRI
| parsistﬂnt conuontr&bion of free bwhydmoyytryptmmine»-i E
4o the braine. In aansequenae, B centdnuous volley of
impul 308 would bombard cextmln arcaa of the brain,'\

'r@sultin& in tha uﬁual manlfadtatnons of reaerpine action.

Brodde /
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Brodie et a1¢';j‘exp1n1n tho difierenoeg in. The modes of 

ctlan of rogorplne and ohlorpromq&ine by qaaummng ﬂhqt

they act onrpayslolag¢cnlly anbaganiﬁtlarayatemq 1n.the o

'brﬂin steu Whieh ﬂre involvcd 1n wake¢u1neas, rogulation
‘of tomparabure, contrGI af bloca pressure, and’ othar

| ﬂutﬂngmlc,funatiqns. Dxmguinduoad'pﬂralyana-of one
csystem-wéﬁid rélé-so the oppoplte sygtem and allow rt

' te‘préddminaﬁé; S i X aupuorb of: thld concepb, 1L hdﬂ
‘“becn demcﬂabrabed that phere are bcﬂh parasymnnthetic
and Eympatnetic areas in the birain stems - DTrom a

'aonsidora 1on Qf the pharwacolaglaai progerbles of

,reaorplﬂe ¢t may be muppoaed that )éhyﬂroxytrynttminé'isF

the trqnsmmbbcr Of ncrve impul sen 5o bhe»centres of -

the . pawadympab tle le&BlOn- By blocklng bheqe fibres,

[hD Wculd unmask Lhe acuian o£ opposin sympathetic

Bymptam, and pm@“uve dts hyplaal sympatnomimobic re&ponaﬂa.~»va

L RTA R

' Re&erp¢ne can be conﬂiderea Lﬂ invake it paragympqﬁho—,

m&meu;e efﬁeoﬁa by vlrtue of raleaalng frae )mhydroxy~“

-tryptnm¢ne Which activmbea the par@sympathaﬂmo centres, .

‘while ohfléprmmazlne may be postulated 46 “block nervoua.bﬁ

A

‘impulses aetlfabingucoutwal sympdthotie centres and thus'>

- augmﬁnt tbc achvmty Of paraﬂympnthetic system.

This /




This at%fﬁcfivé and inganidﬁa-auwyééﬁion th&f"
reserplne ey’ s whrongh the medistion of p»hydroxytryptu
~amine is notb supporbed by all the exporamonbal evidence

-_avmllable.‘ It is re&&onable to exnect Gehydroxytrypt-
wammnm to. po%qeas me%i of the prophrtLes of rescrpine 1f
in fact, it is khe actual active substance. That ig
not 90,.) Thua Benydroxytryotonine does no% potentmate
'oamphor or leptazol conviilsions 1n-mlce(36)1 Parenteral
_admiulahrdtion ol Jﬂhydroxytryptamine produc@a effeots

on resp;ratmon, heart rate, ‘blood pressure and’ the

nmobibablug membrane whleh differ irom those Been.

following reserplne()7iw )

.Qmﬂdum‘dndVVOgt(ﬁgoihave.shOWn that 5~hydroxytry§%a'
amine édminigtered«inﬁrmvenmricularly does not cause the
miosis, hypbt@nﬁianfby welgxation of tha~nioﬁiﬁatiﬁg
membrane Jin cats which areuﬁbaraoteri%tio of the actions
ﬁf reéefpine;-' They. also Jhow that res orpiﬁe effects
can be blockea by LSD butb moL by bromlysergic acid L
di@thylamlda-(brmm.ﬁmﬂ), bmﬁh\ﬁﬁ-Whldh mre~powerful -
antagonists of Eéhydxoxytryptamine, and suggest that the
antagénisﬁg'are wispecifice It must be rememhered that
there is no evidence that tﬁe effects of intraventricular

54hydraxytrypﬁamina /
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g«hydroxytryuuamgne are. exerted dlreebly o1 neurones and
are nob nediated through a oongtrxct¢on ok eerubral
blocd veﬁqelm 1&’?8”ﬂ0n8jﬂea?-ﬁhﬁ ven%rlclcs. The -
Idepr&nmian prméuoea by 1njeat1n Large doaéﬁ‘ﬁfk
' },adren¢Lin0 inte the venbi 01@%C4)) bears much “asemblaﬁée'

0. the e i@cb of intvavonkricu!wr gAhydrovaxyﬂtamime.‘
and. - aqgula; efiectm an play S5Ome pact ﬁt 1eqat in The |

rlrcupoa =1c3 to'bodl druga when Lhey are edmlnlstered by |
these vuutew\m~~ dhAW'and WOollay(4l) observe. Uhat LSD
may cmhibit ;mhyﬂraxvﬁryphaminuwlike prupori¢og When
xch&n upon tna ‘heart oi the ¢lam or Lha dag, and ot
Lb is 1 to 3 fimes mmrc notlvo in rdlalng mhe blood
pregsure 01 {he Go in.thc brain, LSD mppears to

- anbagonise the eiieous%cf §Jhydfoxjtryptﬂmihﬂg'5.They

{quggGSU Lhat uub LTRGGQ chemleally reloted Lo )whydroxy~

‘ﬁPYpLdMLﬂQ may 00mh43¢ wiuh reuepharg elﬂhar te induce

or. blodc)Ahyaraxybrypnnmnnewllko aetmanﬁ.v Thua one and
the £ 8106 aompound can ¢nduoe gome. ;éuydroxyuryytnmineulike
actions yot blook 0Lh0°3¢ It has be&n hown(4l)ﬁhat
BAS (Libenzyl 2*m@thyl b:mgthoxy Lryptqmlne) ) pabent
“ant¢m@ abclxta" of hwhydxexybryptamane - %nb&gOﬂl%@S the
preu,or efnect ‘not Gnly 06 bwhydrawytrypbmminp but also

of IGD on ohe bluod plesguxe of the dog, thua adding

o f







vto the GVLd@nOG that the- preqmor etfect iq actu&lly due _7.:

40 5~hydroxytryptam1ne (Elg.l 2)

eerleatm and, Rothun(‘*b') have observed. that brom-ISD

isg a powerful antagonlqt of )-hydroxytrypbﬂmlne but does '
not- cause the mcnﬁql alsturbanaos oharacterlstzo of |
LSD,' As the theory of the node of action of 54hydroxy~"
tryptamlne_is baaed,.ﬁo:-:wreat extent, on the faot %hati
L%Diie a strong antagonist of 5ﬁhyﬂroxytryptamine,‘thn
f¢nd1n& Uhat bromwbﬁn 19 as active an antsyonnst as

iD in vitro but that it produees none of the mental |
'disturbanoes mach it neeesmmry to reconbj&er this -
hypotheals.. It cannot be argued that erMHLuD lacks
aotians on the cortex because it dOQS not- p@netratu
into the brain bissue, $¢nca thg sedatlve actlon it
proﬁﬂées ié?a cen%ﬁﬂl cffecty whéimere existence of
A pharmacolo gical antagonism between LSD and
Ahydroxytryptqmine, hawever, no. longer provideq evxdenoe
 for th@ahMpQ$heSQSgbhaL the<in@;b;ﬁipyjof the aotiong of
ﬁhe,lattertiﬂﬁthe*brain is‘theubauéa @f the méntalv; ‘

distuﬁbance<44);

Ii ;éhydrcxytryptumine is a medlatar of the action
of reserpine, then it follows thqf all uubstances |

releasing-/»
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releaslng thie amine should produce the seme aotions as
regserpine. Howevexr, ampheﬁamine « in doses which produce
merked central excitation - gouges a fall in

Hehydrox ytryptaminﬂ atora&w( 7), while the histamine
libexntox 4&/&6, wiaich also releases béhydroyytryptamine
from most cells, does nob evoke the gedation in rate

or guineaapigs vhich is so charseteristio of remerpine(gg),

The symptoms exhibited by petients with carcinold
tumours which liliberate S<hydroxytryptamine are of
congiderable lnteregd. These paticents charvecterigtice

ally show'diawrhcea, hronchocongtriction and flushing of

the skin, especially of the fece. These symptoms
have #ll beon obsérved ﬁcllowing reserpiney on the
wthér hand’aémg of_tha‘aymptoms - for examnple, inaomﬁia
and tachycmrdié ~ are in direct contrast to the effects

of raserpina(45>.

mhua it can be seen that while certain aetmons of
reserpine may be ralnted to the releage of Y-hydroxy~
txyptdmine, the evldeneevthat the relesse of thig
amine is-respbnsibié for aii-ifa effécts:is inconeclugive,
It nay be as Hein suggested (46) tnat tne depletion of
endogenous B«hydroxybtryptemine produces a sulteble

“uilieu" /




“milieu“ for remerplne or a. metabollte of this campound :

~to exort thelr eharactermﬁtic phqrmaceloblc&l offecta.

Reaerplne not only. decreaaes ﬁhe braln concentrations
of )uhydroxytrygtnmine but also of oth@r monohamincs,
_notably norqdrenaline. ﬂolzbauer and Vogt(47) have
shown that the noradrennline contient Qf the cat é
hypothalamuﬁ was reduced by reaerplne; this reduoﬁlon ;
wag acaompaniod by central aympathetic mtmmulatlun,
since the fallyin medullary &mmneg was;greatex 1n,ﬁhe»
innervatcd-adrenal glend than in the déﬁervated adrenél}g'
glahd. Reaerplue reduces hhe noradranaline content

of the cells and flbrea of peripharnl adrenorgie

nﬂurones(48) . Organs with an adreneruic 1nnervation'
na 1ongar respond to: the eleotrioql stimulation of .
preganglianle~ana pnat&anglmonlu fibrea when thellosa‘of’
horadrenaline is severe and has persisted enough. o
Muscholl and Vog t(49) state +that a IOW'noradrenallne
‘oontent of the superiar eervical gannlion ia. comgatible~
“with excitabilmty of the sympathetic trunk .edd. - auggest
that the loss of the amine does not proceed evenly:along
_the who1eAnéuroné‘and that there is'é>period when the -
nerVe endings,have=still enough tranémitter to enable
them / | |
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them to function while the geanglion cell has already
resched its lowest pomadrenaline concentration.
Recently a diﬁappearancezof n@radfenaline from heait’
tigsue of animale ingectea with regerpine has been
reported by aav&ral nuhhmra(ﬁa to 52)y  thiw supports |
the above fiﬂdings.“

(53) peen aftpr

The rise in elrculatin@ adrenaline
an xndacﬁ&on of reserpine confirms the view that the )
logs of emines from adrenals and _&nglia ig caused by
a release:froﬁ'the tissue: and not by an inhibition of

gynthesigs In zhis reapeﬂt, there is a complete

paralleliem with the effect of reserpine on 54hydroxytrypt~_
amine the aynﬁbeMAG of which is not impalred in tiasue
homogenates obtained from resgerpinised rabblts(”l), anﬂ;
the urinary metabelibea7ﬁf-5&hydwoxyﬁryptmmine rige to 4
4o B tines the hgrmm& Value.in doge Injected with
| resérpine(24).

Th@ﬂe QbﬁerVEtiens pose the question as to whethex
the impaired functlon of the peripheral sympathetic
system lg a factor Whicﬁ'contributes'to the colinical
picture produced by reserpine in men. The answer 1g

uggented by the‘experimenta(49) in vhich small doses

were /
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were ihjeotéd over a 1onw period af‘timé, ﬂinoe it‘is .
under theoe eondltionq that the animal experiments are
more elosoly eomparable ‘With the therapouhic proocdures.
Daily doses of the arder of 0.1 mg./k are u%ed in
 psth1atry, and these doses were shown 0 be as
effectlve as 91ngle 1arge dosey in dapleting ﬁhe norm
adrenalmne aonbent of the sympatheh:c ganglla of rabbmts. E
'Thebe doses were alsgo iound to be nore effoctlve than | B
single daseg in cauuin ﬁho 6¢mappearance of adrenaline
.é?‘ .from The(aolar,gqngl¢on and from Lha adranal medull&.;g

It ds, therefore, very lihely that an.aotion on ‘the

peripherQI sympathetlc qyatem contributes to the overall B

(54)

.-effect of rcwerplne.in man. | Gaddum et al- h ve

: ahown that pdfienbs treatad far weeks with dnily doses
of rasexrpine. excrete nuch less ﬂormdroualine than noxrmallys;
“this change might be caused by the reduotion in
ggg@Qrenalgne stores in adrenergle nervess Is the |
iqu(bfzgggadfeﬁalihé ﬁrom"the sympéﬁhé%iﬁfééntres more
'important fhan the iesslfrdm.the peiiphéfal svmpathetio ; ‘
‘syatem, and is the loss of guhydroxytryptamine irom |
‘the hypothalamua more'lmportﬂni than.the los bf“'

sympathmn from the sene region?

Muscholl /




Muscholl and Vogt(4 ‘49)

show that noradrenaline
is readily lost Lrom the sympdbhetlo neuronea of all
3900193; moreover this loss 19 1ndepenaont oi any
eonneotlons with Lhe conural nervous syshem. In"
contrqst, there was no evidence that adrenaline was

logt from any tissue =~ such as pnfeverbebral pqnglia and

postganglxonie fibres = in which ita 1nibial ccncentratwl

ion was very 10w; In the prevertebral Langlia, Whlbh
conbain high eaneentr&bm@ns of adrenaline, the loss waa

eagily demonstrable in the dog and wabbit but nob in'

the caly The différence hétween the rabbit and thewqat'

ig even more pronouneed with regard to ﬂhe.adrunal
medullary amnines. the adr@nal medulla of . the rabbit ig
easily depleted bymmodergte‘daaes of reserpine and
denervation affardsfonly a'ii%%ie‘protedﬁiﬂngf Ln(tha
cat losses of medullary hormones from the Annex v&ﬁed
gland are very varieble, and denervation affords a high '
degree of proﬁectiong This difference in-aotion‘ofy
'feserpime-in different tissueé is quite obscure, and
perhaps points to different modes of binding of the -

amines at various sites,

Recovery of the normal concentration of amines after

a/
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a singlefinjeotibn of reaerpineztakeq-a long time =
‘usually more than 9 days - whlah is somowhqt 1ong@r than
the time vequired for the reﬁtoration.oi géthroxyw i

bryptamlna lcst Erom braln(3o)

Durln& the early period of- Lhe actlon of reﬁerplne,
‘ﬂome manlfestatlon of +the release of medullary amlnes
amﬁ adrenerrie tran&m&ﬁter 1nto the cwroulatmon~might
be exp@cted. Thus hverett et al(BJ) d@ﬁoribed
evanescenﬁ pmloucrectiam in mice or véts half an Howr’
qfter qube dosas of- Teserplne {50 to 100 mg./kp. by
mouih); Fuschke. end Frantz(ﬁb) gaw hypermlycdemma in
the rabbit* taqhygardia;haﬁ been seen 4o occur in
the heatsy mlung prépwraﬁiéﬁ"of the dmg(g)' anﬂ many
'workarﬁ have . obqerved rmscm nn blood premsure in
different apecies(37kia) As mentloned earlier, &
raised level of blood adrenallne h&ﬁ beon iound in rabbitéJB)
- during uhO flr&t hour after intravenous rcserpine. It
‘.h&ﬁ been recently shown by Burn and R&nﬂ(’g)ﬁhat raserpine

depl@tes norndrenaline frum the tharacic aorta of the

l’&bb i"b »

Reﬂarpine'releasem noredrenaline from diflerent
tissues bub this relesse is not only a specific action

of-/
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of feserp¢ne SLnLﬂ QTher morphmnc amﬂ insuBLn also

(60)

cauge a fall 1n hraan mympﬂthin Lurlaaon and

Hillar (61) hqvc dLSO shown dopletlon of sdranal

madullary ammﬂe$-by;morph1ﬂe and.lnsulln._, The interest~

ing observetion was thet not bnly the adrenal medullaé.
WGfé'déﬁietédfof theirfcaﬁédhol amnines bu%}there Wﬂﬁl’
a mima.ei Tall in the ATP levels of the glanda.
-Anothewr lmpartdni GOBGTVatlon by W611~M&1herbe aﬁd
ﬁcnﬁ(ﬁg) Whioh deservea oaaszdar"tlon LB the faat thdt
'reaorpine depletes the. fmae extracellular : but nof the

bhound mﬁhraﬂellalarfé amiﬂes of the rabblt adronsl

glands . leferent fractlons of +the gland extract were .

obtqlnﬁd by cemﬁrzfugat;on but the quﬂhors were unable

$0 demonatrata qny mlgn¢licant change in the amine

‘contenus of ‘the mltodhondrlal fr&ctlon. it in diificult.

to underatand why | reaerpim@ ghould deplete the amines.

only from the suparnatent and not Lrom- the mlbodhondrlal'

fractliona It may be. perhapﬂ, as Vobt(49) suggested, due

to different modes of binding of the amings at vgrmoug

sites.

Lud;os on the mutabolmbm of ncrvaua subatrmtes‘
vhich might shed nghﬁ.on the peculiaﬂymcde-gf aqtiqn of

reserpine /
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reserpine have so far been very fow. It has been
r@ﬁdftéd that,»in rats,f335~1abelled:methionine 1is
cancentr&ted in the rcwlon,oi hippocampug under the
influence of- reaernine(63) .Ramerpinﬂ gm.xgﬁgg
;depresses the oyywen.coneumption of sllces of cerebral
cortex taken from the rat, but only in high coneenmrat~
ions(64) In’hyperﬁ@nsive patients 1t has no
sign"ixcﬂni Lniluomee on gluooa nnd oxygen-uptnkejcf '
the braxnﬁs ’65) Reoenfly Gillis and Lewma(66)
hnve p01nbod out Lhat the eifneta cﬂ reserpinﬁ upon
spontaneocus and druq~1ndueed tone ere similar in many
ways bo_those of anoxia. It is powalble that reserpine
in effect renders the intestinal smooth muscle anoxie
by virtue of ite ability to interfere with the energy
prodaéiﬂg reacﬁioﬁs of earbohydrate mﬁmapolism. An
effect on oxidative metaholism ig supported by their
obgervations %hat-reSGrpine,@ften~a«latenf period, |
decreapes oxygan,uptake'inQiaolated-rébbit int@wtinal
muﬁcle and cauges an 1ncredsed release of pOLdSﬁJum from
skeletal muscle. Another obsarVthon by Abood qnd
ananchek(67) points oubt that. reserpine inhibits oxidative

phosphorylation in brain. - Attempts to correlate

metabolle dlsturbanceﬁéto narcosis have been numerous,

although /
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although the evidence in favour of such a view lg not
conclusive, | The'méiﬂten&nca.bf the inﬁramitochénﬂrial
geometric pattern, or of gome similer steucture (68)
within it, iéAapparently egoential for cerrying on
oxidative phosphorylation. Under normal conditions
the oxidéﬁive-métabbliwm,ef living cells ord of certain
lgolated systens leads to ﬁh@_ﬁynﬁheéiﬂ of compounds .
containing high energy phosphate bonds. These
‘compéunds are lmown to be egsential for such functions

as growth, wuscle contraction and nerve conﬂuoticna

- A number of compounds known as uncoupling égents can
alter this relationship,by depregsing the formation of
high eﬁcrgy bonds without depressing the oxymen
éenﬁuﬂmtiqﬁ of the syatemk Regerpine alters - thie
relationship because it depresses the P/0O retios.

The faetlthat 8 subgtance has the ability to uncouple
phaspharyiation from oxidation does not indicate that it
ig devold of o#her pharmaaological‘actiona,v The
relative importance of uncoupling as a mechaniemn of (69)

'ae%1031Wiii*&if£ér-wiﬁh different drugess I M, Prody ’
anéludeathat“"unaoupling is of major importence in

~the action of certain drugs and is ab present ‘the most -

attractive hypothesis for explaining drug action",

/




Hydzallezine.,

A group oi phthalazzne derivatlvas, reported by

(702 and Craver end Yonkman(71)

<GIOSJ, Druey and Maev
produced a8 ﬁustalnﬁd depresaor action in experimental
fanimals with a mode of actlon *not common to other
blood pressure depressing substancea" Hydrallazine
and-dihydrallazine are the mosd potent of the series =

which have found their way into clinical practice.

Hydrallaziﬁe gaﬁseﬁ the‘blood,preasﬁre to“fall{after» :
a latent ﬁéxib¢ 0f 10 %o lS'minuhes, an efféct whiech is
ass odiate& with increased cardiac cutpum(va) and |
¢ncr9asad fcmoral(fo)_ rena1(7o \72,73) and coronary

bLOOE flowS”'T4 75)

 The oharacteriatlc gradual

| hypotenmmon ﬁeen ¢n.se?eral mpecias auggested the
poaqibilmty o£ either metabolic alteration of hydralLazine
to an active (chemically different) compound, alow |

| penetratlnn to the gite of actlcn or a slow res sponse ofl
'the centrnl mechqnism(76) Blood pressure reduetioﬂ

A77278) gnd renal nypettensive

.+ -also-ocours: in. neurogenlc
anlmala(Tg) although the drug is legs ef Becﬁive in the

o ”””wlatter.

. Several /




evcrul bypotheses have been advanced to exnldin the
moﬁe of actlon, and it has bheen claimed thatb
hydrallazﬁné acts by central inhibition of vapbmotor
':refle?ea; Howevor, the evidence seems 1ncanclu31ve.
ﬂhe carobid 91nus pressor reflex io reported by
different workers to be redu&ed or blocked(78) or not
affected(agial) The p?émmbr respongse to @nOxiaﬁis,
not 1nhibited(78 62) but Bein et 3 m& (83) have shown
1ph1@it10n. - Bein et al (63) and Taylor et al. (84)
have shown ﬁhat “the rise'ln blood pregsure following

central vagal gtimulation is luhlblted; but according:

“to other investmgators(82:783 it is wnaffected. Thege
reflexvpresaor responsea,may'have the same mechanism of
éction,,i.q;,Iihéfatign-qﬁ.adrenalinb and Qggadrenaliné
from the éndinge of adrenergic nerves, the reflex being
mediated thrqugh the higher centres of the brain. In |
view of this foct, 1t ig difficult to undaratana vhy a
centfglly acting drug should fail fu antagonise aome
reflexes and not athéraj,i The drug does not lower
further thevleOd pr@sﬁure of the apihal cat, but when
the blood preasure is raised to normﬂl levela by
ephedrlne.ar‘ergotaminegvﬁhe drug reduces it more markedw
1y then in the ensesthetised enimal(70),  fnig

observation supports a peripheral site of action,




()

,i0r€VQfZ@nd Yonkmanm»»;,-Grimson'andﬂﬁhiﬁtum(7l)-%ndf
R _ 74 .
'Barret ut alf ) have shown. that - adrenwlxnb, noxr-

-adren¢l¢n&, pitremsin, nnglotonln, hypcrbeﬂain aad ~

 )#hydroxytrJP%am1ne are anbawonised. Paae et al. (84);

-”?yﬁ h0wever atate tbat neith;r ronln nor any Qf tho other

‘“&ubshdnaes mmnbioned above - wmth fhe exaepmlon of -
(84)

54hydrmxytryptam1ﬂe - are anbagon;sed. 5 Pave at al,

"”claim thaf thelr “cerabral vasuprwwsor hﬂrmone" nnd

)mhydfoxyt“yptﬂmine %re both dnba onised by hydr&11381né;fi ‘
 erpamu (85) advanees reaSOns for ooncluﬂin& that R
tghydrallaéino is quite nonmspecliic mn the antﬂgonlam‘
"to géhydroxytrypbamine since oﬂher hypotensive drugs
,have ﬁlmilarrafﬁecbs.i‘ Phe drug, hawever, posseases
only~weak=ah%i~édren&lyfic'abﬁiOng furﬁhermore, the role |
5"of these pronsor @ubstqﬂcea in mammiamning the blood ‘
‘presaure lavel of the normal ¢ndiv1dual or hyperton31ve ;;'
“patlent 15 disputed. Lhere 1s no- evidenee of o
:peripheral ganglmonio bloekade in amumala, and the failure?
| of the drug to enhmace ﬁhe pressor efJePtS of nor-
adronuline arguam agalast éqnglionic block. . Ihe
posalblllty oi a direct aation on ‘the hlood vessel&
eannot be exoluded' intra~arterial in;ectlans of
hydrallaﬁine in man have produced o rise. in temperature :
" of the . akmn of the correspondmng area(ab) |

, ﬂyarallaﬁlne /
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Hydrallazine $eéms't0.ﬁave marked effects on

- regional cirgulaﬁioneq_ -Btudy of cardiac. oubput énd
§eripﬁera;”f1aW in-th@'human Suugeatw an inerease -

ag dn the animila. | Hedht and h15 comwcrkera(aﬁ) |
confirm that an incroaqe in oardlqc outpub of appromimr :
ately 100 per cent OCCUTS e It geems possible that

guch cardiac st;mﬁlatibn exceeds any potential ooronafy.
'dilatation,-simce 1t has been reported that snginal
attacks were induced by ﬁhe ﬁrug(87). The renal

effects of Lbe drug ave of special interest, amince the

increa&e in renal blood flow exceeds that reported wmth
any cher drug, except pyrodens(gﬁ a8 to 91), phe -
druy decrenaes the renal extraction of parsaminom

(712),  mye glonerular

.thpur;c aeid in animals
filtration rate is not ﬁhanged despite inareases in the

J;renal blmod-flow. Thus it is not likely Lhat the drug

| will improve exovetion of metabolites in hyp@rtensives
WlthlﬂﬂemlaNOT 1owor the nonprotein nitrogen, ‘mince

 these funetions depend particularly on glomerular
filtraﬁidnlraﬁé and tuhﬁiaf-reahﬁorption. Cefebral;‘_,
blood flow is maintained (as with the. dihydrogenated
ergoﬁ alkaloids and @rotoveratrine), despite the fall

in presaure(ga) put thore ig no true cerebral

hyperaemia /
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hvpcxae mla as mmwbb be expeotod from the dcvelopmant
of headache. bﬁlanchnlc hlcod Flow appears to be
increnaed to almost waoo conﬁrcl i@vels<d”’3”\ ‘It
vould thue appear that thim drug 1s & pbtent
vasodilator Whiéh'mtimulaﬁeﬁ-éar&iaé’hu%put'énd'
iﬁereés@a épﬂanohnﬁavand renal blood flOW‘very consider-
ably . Lein, Pripod mﬂd Melﬂr(j4) ﬂeported that
;\hydfﬁllamlﬂe, when wurmusad Lhrou the heayts of rabbita[g
and cats, overcane ooronmry mrteﬁy Qon&mrjctxon induoed
by po&ﬁerior plﬁultawy extract and histamine. Wripod
and mﬁier(gﬁ) hmve,ghqwn~$hmﬁ hyd leaninc djlafed the
blmad'vaséalé ?‘Tﬁ@ iao?aﬁ@d r»hbi" hinaquurtera,
and that i4 ax. taponiﬁod vauocmnabrneblon.due to baziun
thoride'ux-himtamlme. 1t 13 therefore obvioua Lhwt
'fhe magmitude of the r@&uctggn.in blood pressure will
ve the result of the summation of the effects of the
drug on these"ﬁifférént vagsoular bedsg or’oniregichal

oirculations, and on the cardiasc oubtputb.

¢ :

Schuler and Meier(J§> have shown that hydrellazine
and dihydrallagine inhibit diamineoxidase much more
effeetively then monoaminédxidaseg Similarly Werlé

a1.(97)

et & studied the effects of hydrallaozine and

related,/




'related compauudm on diffarent anayme ﬂystomﬁ quch a8
‘monoamineoxmdase from homnheniaed livers, diamlneoxidﬂue
frem pig 8 kidney ana red clover, and dopadecarboxylase

"pnd hiatlaine dacarbaxylaﬁa from guinea pig kianey.‘

| Hydr&zine and guanylhydraaone derivativeﬂ stron&ly
,anh¢b1ted all these enaymea, wiﬁh the excention of
 monoamineuxidaa9, bub they hed no ;nfluumce upon tha

- tormetion or inactivntion of kall:?krenin, Kellidin end
bradykinin. - Gurtamn hydraaino derivatives, with
.‘hardly any blaod pro 3ure raduding prupmrﬁimg, nlae

._huve an qnalo#mus efiect ‘on these enzymea.'-rmhis -

.'observatian makes ¢t d¢££1¢ult to axplamn the

.hypetenglve p?operty of this drug on thig bas&s.

Anﬂther 1nteregtimg obserVation wos that of Douglass"
et ”g.(ga) who have ahown.that hydrulladmne inhiblts |
“hhe acetylation.ef aulphanilamiﬂe~ana glucesamine in .

pigaén*li#er exﬁrécfsg~‘jmhe wofks of Défranoeachi ﬁhd"

'zambani(gg) aﬁd Makine: et al;(lﬂo) dn‘fhé metaboliem ’
of iSQﬂlﬂﬂ&d, and the work oi Jchnson(lol) on. soveral
{0rﬁmahic and heterooyalie hydrazldes have demonstrnted 

that aoetylatxon is an-important paﬁhway,qﬁ m@%mboliam'i f V

- of these dompquhds. ,JThsyfhavé 6on0luded fhmt this'-

inhibitionl19 pf a?quanﬁitativejnatu?e.and appoars to.

‘e /-
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bc due  to- Lhn drué bcmng abotylaued by aaetyl—ooenzyme
A, bheruby 1ndicatln{ & dlﬁbUﬁbanoe in the metabolic

.funct¢on of a living ceil;'

In %ﬁﬁmary; fheﬂéhafchdlogieai effecta of
‘hydrallaaiﬁe nre not well understaod but appeat 0 be
.relqted to dlroct vamcular effcct &, and perhaps also
TR changes in'vaaomotor regulahlon. Raserﬁine

produeeq definite affects on. the centrai'ﬁervous syaten
‘tc produee 1ta dharactermstio tranquillizmng effeot

, whilo the hypotansive charmcter of uhe drug @ppears

to be seeanﬂary in ormgin,. The means by which it
does g0 are not knﬂwn.: Héserpine does rélease~
;j-aydroxytryptamlne and nﬂradranalmne £rom brain and
(other tissues,. bub it remains to Do peen whether thig
liq purely comﬁaidonﬁal or whabher it doeg in fact

give smome .clue. to its mode of action.

The work describved in this thesis Wes undertaken
to. duvestlgate certaln sspects of the modes of action
of regerpine and hyéralldzine.ﬂ> The earlier part of
the theeis ig devoted to a gtudy of the pharmacological
prﬂpartied of hy@rallazzne and some related compounds.
It ds felt Lhat interpretation of data obtalncd in
such /




(PBe

'auéh‘ex@arimenms’wmuid give SOmé ihfarmation»as~ﬁo@ﬁhe -
\aaﬁion of resempine and hydrallazlnﬁ at aellular -
'level. B It appeara that “the fundamental dctlon of A
l‘reserplne or hydrallu&lne must ultlmately involve the B
‘ biechemistry of the cell, ag is probably true of all
pharmacologically actxva»aaenta., - With this fact
in mind,. the poasibllity of bzochemlcal gites of

acticn.has also been invwsblgated.
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© QHAPTER LI

- DXPERIMENTAL WORK = -

‘ﬁé%érials-

Throughout the theqla the names of certaln drugs
have been abbrev1ated. The 11qt of drug s uaed

, 'tOgether wmth their shortenﬂd names, is as followatw.

‘(1) Acetyldhallne chloride ia degeribed as acetylm

";chollne
'(2) At?opihe_éulphate, | W g atrqpmne
(B)T(&)gmhbéeurariﬁe:' o - »
chloride _ S " " fubocurarine
(4) (o )ﬁAdrenaline L o . o -
| hydroohlo:ide - oo o w W gdrenaline
. . . /
(5) )mwogadrenalins ; . . _
: bltartrate L " " " nor ndrenallne
‘;(6) Histemine acid ~ :: |
phosphate ‘ i w ¥ " histanine
'(7) 5-Hydroxytrypbomine
o oreatmnlne pulphate " . " " B.hydroxye
' : ‘tmm?mhm
(8) becameﬁhdnium iedideﬂ‘ " " % gecamethonium
(9) Nlcotine hydrogen '_ K f | A
tartraﬁe | " ‘* " nicotine.

The composmtlon qnd mcthods of preparation of all
physiclo&ieal aallne solutions used. in this investi qtion

are t0 be faund in Appendix T .

The /'
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The conventlonal abbreviatiOns for volunes and
welghts of the matrno qystem.are uand throughout

- thig the Eiiif},j-

In‘%he'first partj(ﬁ).of,this chapter, the various
ewperimenﬁﬁivproaeﬂurea empioyed are ﬁewcribed, and
the second half (B) is devoted to the, resuLts. The
4pharmaoolegica1 properties of hydrallazine,
‘dmhydraliaainc, 3~pheny1~6 hydrazino~pyr1dazlne
hydrochloride, l~hydrazxno isogquinoline. hydrcchloride
!and 3-6»dmhydrazino~pyridazina nmtrate have been

1nvestlg%ted (Eig._ 1),
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Ao BXPRRINENTAL

1. BXPERIMENTS OW THE BLOOD PRUSSURE
OF_THE ANAESIHRTISED CAT

Mﬁthdd}

Catas of either aek, Weighing bét&eeﬁfa.o and 440 kg
were useds Ansesthesla was induced hy means of an
intraperitoneal injection of chloraloses, A.one per
cent spolubion of ahloraloSeKin aistil}ea-waﬁer wasg -
0ade o When. this solwbion wos used, a dose of 8 ml,
per kge (80 mge per kg.) was usually suffiaientAtb

profduce surgical snaesthesia in about 30 minubtes.

In sonme catéipentobérbitone'was used as the
anaesthetics, 60 mg, per kge injected iuntraperitoneally

was found to be an adequate anaepthetic dose.

The anaésthetiaed cat was lald on ite back upon sn
operating table; the legs were secured to the btable
and the head extended by pessing a string through the
‘skin.at the apex of the lower jaw; The akin oovering
the neék Was cut away from the sternum up to the apex
of the mandible, The fascia covering the tradheé wéa
divided at the midline and the blunt point of an

aneurysm needle was passed between the muscles of the

neck and thence around the trachea. A 'strong linen

thread /
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ﬁhread wag pasgsed around the trachea and a btransverse
incigion made by means of a scalpel. Thé cut edge

of the partly severed trachea was held in a pair of
blunt forceps sand a tracheal cannula inserted and tied

into place. This was done as a precautionary_measure

- in case it becamme necessary (due to drugwinduced
depression or follure) to keep the cat alive. by means
of artificlal respiration. . The amount 6f gir enﬁeging
and leaving the ecannula could be controlled by means

of an adjugtable sleeve or sgide tube.

The external jugular vein, usually of the left
pide, was then cannulated. To do this the skin of the
left anterolaterdl paxt of the neck was removed and
the left external jugal&r~véih-exp¢sed¢f The Tascia
covering the vein was earefully feﬁdvea, a thread‘wés
$ied around the cephaled end and a bhulldog clip was

" put on the vein on the cardiac agpect, A small
trangverse cut was nmade in the diiated vein by means
ox é pair of sharp pointed iris gcissors. A vein
canoula, filledﬂwith a solution of heparin, was then
inserted through the incigion with the pointed end
towards the heart, The cannula was connected by

means of rubber tubing to a 50 ml.'bnrette containing

normal /




“normal physiological saline. Ali the air bubbles hed
been previously rémovéd»fromhthe gystems. The
obgervation that the saline in the burette ran freely
imto the vein indicated thet the cenmula had been
adrréctlyqinsertédQ  Having completed the
connulation of the trachea and of the external jugular
veln, an artery Oaﬂnulalwaa*inserted info‘one of the

éarbtid arteriea,) The artery was first tied off ag

:neaf‘ﬁo the hea& a3 pogsible: a bulldog ¢elip was then r3

placed on tho artery about threc CIt & below the
lig ature and a thread was pasmed under the vessel mldway
‘between the ligature and the bulldog clip. A gmall
~\trahsVerée cut was;mﬁdé in the‘artery,by meang of a
. pair of gharp pointed iris goissors ¢ An att@ry
,canﬁulﬁ, filled with a solution of heparin, wae then
inserted ﬁhfough the incision with the pointed end
towards the hewrt. ~ The dannula was'éonnected to'a
meruury manometer, and the gpace | betwcen the Mercury -
ond the artery fllled thh a bwentymfive pexr cent
golution Qf ﬁpdlum‘ﬁhiesulphate ag an anticoagulant,
Air having heen diﬁplaced from the cannuls and the

prea&ure in Lhe manometer get at abcut 120 mm. of

meroury, “fhe artery Qlip was removed. A writing flag ,

on /
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14

on one arm of the mercury manometer recorded the blood

pressure on a smoked murface, :

Drug solutbions were %njeated into the rubber
cormection between the vein cannula and the burette,
Tach injéction was fo1lowed by the infusion of % ml,
of paline from the burette, The blood pressure was
uéuaily recorded‘from the cannulated common carotid
artery,lbut when a veflex pregsoy regpounse wag J
elleited by means 0£‘bilaﬁéral oeolgaion of the common
carotid arteries, the blood pressure level wag

recorded from one of the cannulated femoral arteries.

In a number of ansesthetised cats (pentobarbitbone
or chloralose), the blood presgure level wag raised
by the contlnuous infusion of solutions of adrenaline
or norsdrenaline, and drugs were injected when the
elevated blood pressure level had become gteady. The
- concentration of the adrenaline end poradrenaline
’ﬁsolﬁfidné'whioh wefe:infﬁsed was 0.10 mg. per wml. and
the iate‘dfkinfuaiaﬁ Wéé 1.0 ml, per minube Lrom a

Palmer's constent rate slow infusion apparatus,

Vagopressor Reflexed.

Phe /
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The éffebta of drugs on various pressor reflexes
| ,were studied by aomparlnb the nature and magnitude

"of ﬂhe reflcx responsea observed before and after their
1ndcotion. ” At leaat three wniform- reflex responsea =
' were obtmiﬂcd before: dru 1nJaction. Pressor |

L respanses were obtalned following the elicitation of

"f?hL :Eollowing re:flexes -

(a) Carotid Smnus Preaaor hoflex. . Bllateral

~ooclusion of the common carnﬁid ar%eries for a period
- of twenty.ta.forty aecondmz this reflex was elicited
: either by piéoing'bul;dég eiﬁﬁa on tc’ﬁhe arteries or

by yulling ﬁpon'ﬁhreads 106peaTlodééiy around thems

(b) Qoolusion of the Abdominal Aorta. The abdominal
cavity was opened. by & midline. incialon..’whe rectus
muscles and the fagolae were retracted, the viscera |
‘ pushed'to‘the‘right and. the abdominal aorta carefully
digsected free from the f@édiﬁfaﬁaipoint”a little
below"fhe-diaﬁhragm. A thread was ‘then pasped loosely
around the aor%a'by memﬂa:of'an-aneurysm?needle at é |
point just ab0vé‘the origiﬁ'af’the ooeliQC‘artéry. ,

- The abd@minai,anrté wag occluded for fifteéh to foxrty

séconda“by ﬁulling ﬁpon thé'thréad«

(e} ./
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(c) btlmulqtion of the. Gut Central Bnd Of the

parvical Vapuse - The rlght vago~sympathet1c trunk

was caroiully dissected 1rae from ita qucia qnd
separated;from adj@cenb gtructures. The vagus was

then freed fLrom the aervical sympnthatic trank with

vhich ;t runa. The vagas wag divzded by means of
sclagors at as low & point ln the neck as pOSSibleu
The central ond of the cut vagus was placad upon a
pair of platinum electrodes which vere connected to
the output of a stimulator. The nerve was stimulated

‘by maans of square wave 1mpulses at a irequency of - 800

‘-'-~w.m

width of o.; 0 1 0 magece. Shimulation wasroontinued

for periods afffiﬁteen to twenty seconds.

(a) Stimulation of the Greater Splenchnic Nerve, - This
nerve Jjoins tﬁe coeliac ganglion which ia situated a
little below the coeliac artery nesr to ite origin from

" the aorta, énd distributéé'fibres o0 the renal qhd |
suprarenal plexuses end to the other abdominal nerve
plexupess The coeliac ganglion was carefully
dispsected free and ﬁhe'greaﬁer splanchnic nerve t?aced'
upwards and cleared f£rom fascia. The nerve was

:'d1v1dcd clo~e to tho gangllon and the ocutb central end

was /
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wéé.plsced'uﬁdnlévéaifiof~plﬂtiﬂum“eléct50dés Wﬁioh' |
Kwere helﬁ in p051t10n by means 01 a . clamp, and the
j&bdomanfolosed. | The nerve was stimilated w1ﬁh
';flftean t0 twenty seconds bursts of- 1mpuiseb by neans’ 7
of a Dobbie HeInnes squnre wave stimulator, . at a

‘/ﬂgﬁ [frequency ci 800 to 1400 per mlnute, at 5 to 10 volts

[y e At A gy

27/“4 . and with a pulge Wldﬁh of 140 to 1.5 nPec, -

(e) 'sﬁi‘l_nula:tion of '_the Gut. céntml Tnd of the

‘Sdiatic ﬁéfve;} '.“The“ééiafid nerveréqﬂ be seen ﬁhénJ
mdlaseetlng the ﬁuscl@e of the ‘hip and thivh.ﬁ The:main-
"aclatlc brunk glves off 8 fairly large branch to the'*'.-
“inner surfaaaa of “the biceps, femoris, aemitendinosus
 and semimembranoaua. " The. sciatie nerve passes down .
‘median to the blceps and iomoria branchea supplylng the
'long alender euralis. - The main trunk Qf the sclatlc
nerve branohe“ in ﬁhe poylmteal space into tha lateral
hperoneal qnd tiblal nerves. The sclaﬁlc nerve wes
fstimulated»at a-polnt above the emergence of the
- peroneal and tibial Nerves. The nérve wag caréfully
freed from adher;n? connﬁctlve tigsue eto. and divided
by means of sclasors. the eentral end wes placed . |

."{acro&s a pair of plaﬁinum‘elecﬁrodea which were

“connected to a Dobbie, McInnes squere wave stimulstor,

The /
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The narvé wag ‘gtimulated by means of square impulses

at a frequency of 800 to - 1000 per minute, at 10 to 12

,,,,,,,,,,,
B (O

- volts and Wmth 8 pulse width of 0.5 t0 1.0 msec,

aLimulahion.was conbinued for periods varying with
different Qaﬁs but did not exceed 40 soconds.
Conditiona were maintained constant Ffor the particular

experiment.

(£) W ;xpéxiaa The cat was allbwed to inhale a
mixture of 95 per ebnt nitrogen and 5 per cent carbon

dioxide Lrom a Bouglas bag for one- bo Lhree minute

»periods. ; (e

(&) Local Applicetion of Dfuga 0 the Region‘of

Qardti&“Sinnaw Both carotia arteries of chloralose

anaeatthiSed cats were exposed by diasecfing away the
museles and aonﬁactive‘tissue. Anterior

to the. bage of the ocoipihal artery, the common

: c&retid dlvides inio twe branches - the smaller internal

ot which the bfmnchlng takes place is.called the

 @issect because of the bulging of the carotid sinus.

and lerger external carotid artnrioa. The place

carotid Sinua efea.fA Thig ie prominent and easy to

the sinuses were exposed carelfully. Care wag taken to

avoid /







'avmid-laSQTQf-blaédaby tying. off the @@I@teral Vesrole ;féﬁf'
“lduriny the entmre oraceaure. In order te 1imit vag&l

“fﬁflexea, hoﬁn the vagi vere qovered. The systemmc f;ffﬂ;;f

’ blmmd prea&ure was recorded- from on@ fggernl artery =
. ,,«’ n”{&“[ﬁﬁ

I

| T“:uging & m@raury manometer. ~ The drugs were w@plied?

“.‘ to the Wﬂlla of the mrteriaq of both the anratid

sgxnuqes by gently 1njeet1nm 1 ml. of aalutmon into the

‘alnua areas (Big,?.z)

. 2s DXPURTNT HNES 0N WHE BLOOD PRESSURE’
; OB SPINAR OMIS. .

'Mgﬁhcd..

, Oats wmﬁhin the wel t range of .0 to ﬁ.ﬂ kg. were
’glven amrcpine (l 0 ng e per kgs) by inmraperutcneal
;mjectlcn, about LW mlnuieﬁ baf@re induobion of
'anaestnesih by Bther. Tha comnon: earabid arteries
.ware dlqﬁected fﬂ@& from the ﬁcOQm@onying vagom
sympatheblo hrunks and tiea.' The %radheﬂ was ﬂext freed
£ram adjoinxn& L¢Bsues and’ cennulated. ’»mhe tradheal;su‘(ﬁ
dnnula was conn@cted by mﬂams ‘of - rubber aubing to a
hottle oonba1n¢ng euher, : The e&her-bet»le could ba L

Joined ermdLy and &daxly'by meqnﬂ Qf rubher tubing tc

an /
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an artiticial regpiration. pumps Mie cat wns then .
ﬁurnédiover;handiﬁhe‘s?inalncord exposed in the . 7
_vicinity of the long épine»of the second ceivicala
vertebra, The bony covering of the spinal cord and
| finally the cord itself were cutb by'm@ans:of bone
forcepss As soon as the cord was transected,
artificial reppliration was commencéd. Bleeding was

afrested by means of cotton wool swabs goaked in hot

normal salines A probe was inserted through the
foramen mognun, pushed up into the brain and the brain
destroyeds Ihe cub end of the ppinal canal weas
plugged with plasticine esnd the ares swabbedzclear. The
skin over the back of the neck was closed with the aid f
of surglcal aiips, and the animal agein turned on to
ite backs One of the carotid erteries was canmmlated
and connected to é conventional premeur@'recoxding
aystem filled with a 25 per cent sodium thiosulphate
 solubion, A mercury manometer carrying a writing
“flag on one arm was incorporated "into this system and
arranged s0 as to record the blood pressure on a smoked
surfaces,  The exterval jugular vein was caunulated and
connected by rubber Lubing to a burebtie £illed with

noriel saline ., Drug solutions were injected into the

rubber /




rubber'COmneetion‘betwean~ﬁhe‘vmin cannuls and the
burette,"-maoh 1nJect¢0n was followed by the ¢nfus¢on

of % wlks of qallno from.bhe burette.

In Qll~exp§rimgnﬁa, ﬁhé preparatibn wag lefd to
gsettle for at least oné hour before any.¢3périment wag
carried oﬁ$.  o drug was given,unIQSS the blood'
ﬁressqre level had?remained’constant for 15 to 30

minuteg.

3o BXPERIMENUS ON ISOTATED, PRREUSED
| RABBIT AND-KITTEN HEARDS .

Tha isalated hearts of beth rabbits and kmttena
were perfuaed aecordmn to the method of Langendorff(l)
Th¢s 1nvolvo¢ perfu91on of the coronary vegsels through
the aorta. Wegria(a), ¢n.hla review on the pharmaeology
- of the coronary clrculation, quotes several publlshed
criticisme of this methode It.ls pqinﬁed out thet the
recorded outfioﬁ §iil give a true picture of the shate
of tonus of the coronary vessels only if thc aorfic |
valvea are competent. | This is not always BO, In.the,
event of aortic 1neompetence, gome perfuslon fluid will
1eak past ‘the valvea into the left ventrlole and 80
into, the left atrium, arid thence o the exterior. lhe

increaaed /
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increaged outfiaw.ﬁay therefore exceed the true
coronayy oulflow by the amount of fluid which, has passed
into the 1e£t~vanﬁricley The volume of fluwid. dreining
~into the wvight atrium yie the venbricle is not constant
and, in addition, oannoﬁ be measured setisfectorily.

It ise also pointea.out tha't the volume of coronary
perfusate méy be increased by a ?urely mechanical
massaging effect which cardise muscle = stinmulated by
a*cérdiﬁﬁoﬁiéJdiug « hag upon the coronary vessels,
Under these cilrcumstances, an increase in oubflow
might be taken to indicate a coronary dilatation which
in faé% was not presgents  Por these reasons it was
decided that the £luid draining from the heary should
{be‘geaeribei'simply ag the Yoaxdiae oubflow®, In'spite
offthe.objéqtions reised to the use of this method, it
wag felt that the Langendorﬁf'preparatiﬂn would gtill

give some useful ialformelion about the effects of

druge on cairdiac function in vitro. By carefully
obsamving'ﬁhe.heartyréte, the amplitude of ithe
contractions, and at the same time mesasuring the outflow,
an estimate of alterations of cardiac function as wvwell

as of the tonus of the coronary vessels can be obbained.

Mﬂtﬁoda

e
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Nfe'thﬂd .

Rabbite and kittons used were within the welght
ronges of 140 to 2.0 kgs and 0.6 to 1.0 kgs respootively.
The mnimalvwas.killed by & blow on the head. . The
throat was éut ana$the blood allowod‘to drain out. '~The

animal was then plaéad-upon ity hack on a dissecting

buard and Lhe thorncic edvity expasea, care being tﬂhen
not to dm%age the heari with sciasora or other -
ingtrunentse The lungs were removed and B thread was
tied loosely around the aurtiq‘ardh proximal to the
origin of the innominate @rfgxy‘ The vehme~oavae

and aorte were then severed and after removing the
pericardium, the heart was lifted out of the fhorax and
placed in a dish of warm Locke's solution (Appéndix 1) .
at o tempevature of ébbut‘§7°c, andl cantaining a

Little heparin‘tc prevent the blood inside the heaxrt
from elofting;w 'Aistfeam‘of;LQQRa’s gsolution was
allowed‘to run through the superilor vena .cava from a
pibette, and. ﬁhe’heart-wasVaquaezed gently. After
waﬁﬁing, a aannu;a"was,tiedVintQ the sorta, taking care
that its tip wes dintal o the coronary ostia. The
preparation waaythen set up by connecting the ecannula
t0- the perfusion apparatus. Perfusion of oxygenated

Locke's /




Looke‘s\soiution, containing double the normal
concentration of glucose, was started at a constant

rate of flow and ab a pressure of 35 wmu.. of meroury,
eare being beken that no air bubbles entered the aorte.
Any blood rcma1n1n¢ in’ﬁha’pregamaﬁiog'was rapidlyv
waghed awsay, end ag a rule the heart sbarted bo beatb
inmedintelys  After sbowt thirty minuwbes, when the beat
had.bgéome,regular, a supporfing thread was tied by
mﬂans.df’é fine hea&le through the tip of the.left
Veﬂbriblﬁ A hent antomo]ogmo¢1 pin wag ancrted into
‘the wall,’ of the right ventricle and connected to &
Starling’s heart»levar-whidn recorded the contractions
~of the heart on the surface of a smoked drum. Doubling
’ﬁhe'nofﬁéj’ééne@ntvatiwn-of gluocqe in the perfusion-
';Iluid gave e wore active pr@p&?afaon,‘anﬁ one which was

-fatigued less easily. whe hocke's solution from the

- two fGSG“VOiTJ uged il@wod through hoabln& coils in a

‘ wator hdfh maznta¢ned Lhermostatxchlly at )700 The
two Qoils were connected by a glass'ﬁkpieoq'whieh was
joined to the asortic cannula by a shovt leﬁgth-af rubber
tubing.  mhe temperature drop bebween the thermostatic-
ally controlled watew bath and the tannula was never more
than 0.29C,

Hydrollezine /.



Hydrallazine and other dbmpounﬁs.were disgsolved
in Lockeisvaolution in oné of the r@servuiré~fo give the
coneenﬁration of 10,0 ug per mle The other bobtle |
conbainﬁd Lecke's sclution. - Solutions of other druge
in Tiocke's solution were injected by meansaof;a one
L e tuberculih‘syringe into the rubber tubing attached
to the aertic bannuia, The heart rate wes counted
'by:ingpeatibn of the traéing'or by direct observation,
and the  oubLlow measured at five minute intevvals .
by collecting the perfusate for a pariod of one mmnute._
In some expcrimenbs the outflow was measured by means -

of a uaddum oubLflow reeorder.

4. BXPURINSNOS ON Ui ISOLATED AURICLES
OF THE GUINGA PIG.

These experiments were carvied out in order to

‘study the action of drugs on imolated cardimc muscle.

Method s

Adult guinea ﬁiga of either sex were killed by a
blOW-on the head. The throats were cut and the blood
ailowed‘fo drain out. The hearts were removed as
zrapidiy,astpqasible and imnpersed in Well~oxygenated
Locke‘é3éolutibng - Using a pair of fine scisaors, ﬁhe

ventricles /



venmiicles were carefully removed and the'aﬁrieléa
plaeed upon: & cork mat and moistened frequently with
‘Locke's solutmon. A1l axtrancous tissue was dmsaeoted
Jaway unt 1 the horseshoe shaped auricles alone remained.
fhese were then suspended in a 50 ul. organ bath by

n means of two bent entomological ping to which fine cotton

- ‘threads were tied. One thread was connected to the

oxygen delivery tube at the base of the bath, the othér
to a Starling's heart lever éet-up_ao as 4o record thé._
contractions of ﬁhe'auricies upon a smoked surface.
After about twenty %o thirﬁy minutes, the beat of the
auricles had uéually becone regular and the éxperigenty
was commenced. All drugs were added to the bath a8
golutions in Locke's,soluﬁion, and by means of a one ml,.
tubéreulin syringe. The effect of each drug, other
than hydrallazine snd the other compounds, wes observed
for a period of éixty peconds, after vhich the £luid

in the bath was replaced. | Sufficient time was allowed
for the aurieles to regain»a nbrmal reguler rhythm and
ampllbude of. beat before the next addition of the drug.
Hydrallazmne and the obher compounds were added 5
minutes before each of bhe gtimulant or depress ant drugs

teﬁﬁedq
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Se 'EX.I’I IMLN J.’i:: UJ?OI\T RIS IS()LA’.[‘LD GUII\DS‘A
' ' PI& ILMUM. '

‘TMEﬁﬁod;

Guinea pige oi etuher sex, weighing between 0.3 qnd

o 0.5 11 .,we,ce kn.lled by a blow on the head emd the *bhrm-bs

ﬁl::cut in ordcr +to dramn out the blood. The abdominal

:"oavity was. 0pemed and & piece of 1leum about 3 el lonpﬂr

"Fwas removea Irom the roﬁlon ibout 3. em. prcxlmal to

the ileocaecal gunctlon. It was then freed from f
;extraneous txsaue and the contents Washed out by means
of a stream cf Tyrode's solution (Appendix 1.). .
—Threads were tzed to both ends of the se meﬂ$ which was
then %et up in a 2 ml, organ bath (Dlg.Z.)) contamnmng
,oxygenated ﬂyroée'u Bolubion. One Uthread was attached
to a modlfled frontal paini ertln 1@ver, and the other
. to a ook f&xed into the base of the bath. ~ The flﬁid
:1n the beth qu axygenated by passing oxygen through a
hypodermlc needle fixed into the base of the bath, The
bempcrature was maintalned thermostatiaelly at 34 to
35%. oolutlons contalning the stimulant drugs were
added and washed out automatlcally u91ng the overflow
prmnomple., Yhe inlet tube at the lcwer enﬁ of tho bath

wgs /
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lﬂwas Qcmnected via heatiné aailq 0 two rosarvoira, one

‘of ‘which gonﬁalne JTyrode'w aolution, “the other a

" solation of the gtimulant drug in the same fluida '.Thel,at

dcge of the sﬁimulant drug to be used waa dotermined 4
at the starﬁ of eadh exporiment by addina 1t +to the
babh by hand.\t The etimulnnt drug wag then dissolved
in Tyrode's solution to five the diluﬁion required, and
‘tha automatic apparaﬁua swntched on, ' The eleotrioml
.eonxrolling e@ﬁipﬁent replaced the aaline solutlon in .
.the bath by a qolution containlng the qtimulant drug,

at ﬁhree minute intchJls. " gince the solution

3 "oantainlng the mtimulant drug flowed into the bath for L

-five secondq, thera was complete replaoament of the

| solution in the batho RﬁpTOdHOLble submaximal

'coatractiens were obtained ta asetyloholine or hlstamine"-‘

“added wt three mlnute intexvala and left in Qontact with :

hhe ﬁiﬂsue fur ﬁnmrty meewnds. A the -end of this

period ‘the aeetyleholinﬁ or histamine solution wag &

-waaheﬁ out by the automatlc 4nflow for a period of five ;f

7seconds of ‘Dyrode's aolution.7 The drugcselution
waa added to the b&th by hand one minube before the
next inflaw of qoeuyleholine, S-hydrcxytryptamine, '-f‘

‘hiqtamine ﬂr barium chloride.j- Thig. poinﬁ in . the oycle_(jf.”

vwag /
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wog indicated by a ‘signal light placed in the cireuif;
The contractions.wére alloWed 40 return to a constant

level before. the next additlon of the druge.

6o EXPERIMENTS UPON mnm ISOLALED RABBIT
| mro;m:,mnw.

ethod »

Rabbits of either sex, weighing:betweén 1,5 and

245 kge,were killed by a blow on the head. The throat
was cut and the blood allowe& to drain out., The |
abdominal cavity was opened and a pieee of daodenum
-abouﬁ 4vem¢;1png remﬂfed. This was freed from fatty
aﬁd other tiééuea. i Threads were tied to both énds
of the segment, and é piece of duodenum set up in a
,n.4o,@1./orgag bath containing oxygenated Locke's

‘solution at 37 0.5, The thread at one end of the
- duodenum wag Ffixed to the lower-émé‘of 2] gléas tube
Supplyipg oxygen to the bath, and the thread at the
76thervenﬁ‘waa attadhed to a modified frcntal}point
v wrmtlng lever giving a magniflcation of 1 in Be
Adrendline and acetylcholine in solutlon in Lockei
solution were added to thv bnth by weans of a’ one mle

tuberculln syrin @, and the effect was observed for two

minutes /
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minutes, At the end of this period the fluid in the .
baﬁh was replaeed several times by running in fresh

Locka ' solutiun. TPRE T next addlﬁion of adronaline

- or acetylcholine wag not made until tho tissue regaiﬂed

:its oribinal‘length. The solubtion of - drugw viag
added to the bath two minutes before adding acetylcholine,
adrenaline, histamine or barium chloride and the eiffects

'observed.~

7+ EXPERIMENTS ON. THE ISOTATED RAT 'UTHRUS

Virgin female rats, welghing between 150 tb 200 g.,
were brought inta oestrous by the subcubaneous
injection of 0,10 mg, stilboesterol per 100 go body
welghte Ihjeqti@ns‘Wére‘gi#en 24-h0urs before use.
The animals were killed by a blow on the back of the
head, ﬁhe»throats_cﬁmiand‘the blecd drained oute The.
uteri wére removed and placed in ﬁhe-@Xygehated

:Dé dJalon's soluti0n (Appendix 1.

Segments of uierua'werélfiaed from fat and other
tlapues.  $hreads were tied %0 both en&s-of the
sagmentsiwhich were then set up-in a 2’0y'5nml. organ
path at 29%  One thread wes attachod to & modified frontal

point /-



"point wrmtinp Jwver, the other to the hook foed nto
the base of the bafh. - Drug qolmﬁions were added and
»the,bath;Waﬁhgﬂ“qutwautomgtlcdlly ua;ng,the overﬁlgw-
priﬁoipiey,' Some uteri showed &E@mﬁanaoha-activity |
and therefpre had=tQ be rejected. -TheAinlétvﬁﬁbe~at
fhe lawer»énd~of the~ba%h‘wa9 eonneoﬁed\via heating

eolls “to Hwo reservolrs, one of Whth contained. the
‘_phys¢010gxcql golution, the other a solution of ‘the
“ drug.- ;Thevutemuu,was sfimulated by using
dCOty10h01¢ﬁﬁ, earbachol ox )mhydrcxytrynLamlne. 7
@he approximate d ge of the drug Woe determaned previouam}
'ly far paoh ekporiment. 1 wos Then ﬂissolved in

“De J@lon’q solut¢on to obum¢n the Tequxred dilution and
Lhe aubomuhio apparatus wmtched On e Yhen ﬂhc regsponse -
'io bhe drug had beeame conatont, hydrallagzine or other
drugs-were added 6Q-seoondakbefore'bhg,next addltion

0L tha pabmaben.‘ The contraotiona wér@ allowed to

w-return Lo bha eonmbanb levcl beforn the no@ﬁ nddlbion

of hyﬁwalladlne. Othnr exporlmentml detalls are
~gimilar to thbée doscribed for the guinea.pig

1leun (ps62),.

-. 8, /



s LSOLATED RAT

: ?HRENIC«NLRVE DIAEHRAGM.PHLPﬁhAmION

The procedure adopted wes essentially that described
by Bulbring(®), | Adult Tats of either sex were killed
- by a blow on the head, the threoats cutb aﬁd the.blood
allowed to drain out. The rat was then laid on its
back upon_a‘ccfk~GOV6red diasectin@;ﬁﬁard to0 which it
:ﬁaﬁ pinned., ‘AThe glkin over the chest was removed and
+the thorax 0pened along the right side of the sternum.
The frontal part of the right thoracie wall was removed;
The madiastinum behind the.sternum was severed, and a |
cut was mede just above the frontal insertion of the
diaphragne Care was taken ndt to damagg,thé phreniec
nerve which is sometimes atteched to the ribs. The
front@l*paxt of<the left thoracic wall was then
‘fembved'aﬁd'tha7ﬁhrénic nerve exposed,- Both lobes -

of the left lung were removed, and the left phrenic
_nervé"aarefully.ireed:from fat and other tissues: the
utmdst‘cére;ﬁas_ﬁéken not to injure it. The left
aﬁdomihai_Muécieﬁ were cut slong the costal margin.
Holding ﬁhe'léﬁt rib with a pair of forceps, a segment
of diaphragm. was then dlssected outs Two convergiﬁg
cufﬂ were made through the ribs towards the tendinous
part /
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part of the dlaphrﬂgm, and parallel to hhc dlrectlon'-'

ofvits muscle fibres. The cuts were made about

5 mne $0 the right and 5 mm. t0 the left of the pointf. |

A.where the Dhmn:w nerve entered the - diaphragm..

B The strip of alaphragm wag dLSSGOﬁGd out beyond its .

tendinous yart with about 5 coe of phren¢c nerve

attached ho 1%. - The flnal prepqration viae fone

 ghaped, 2 mm. wide at ﬁhe tendinous onﬁ and about 20  ‘

e wide a$ the. costal mmrgin. The costal margin of

the diaphra‘m aegmﬁni wes Tized to a J«ghaped glass

rod by means of platinum wires, @nd a thread was tied -

around the tendinous end . The prepargtlon was ‘then

set up in a 100 ml. organ bath (Figl4 ) containing

‘douhlé glucose. Tyrudeis'sblutian. ‘Phe J-piece held

| ﬁhe comtal mmrgin of the segmanﬁ in pesltion at the
 botton of the orgﬂn bath, while the throad tied at
Awhe tendlnaus end was flxe& to a 1¢tht disotonic
heart 1ever wr¢t1n upon a smoLea drum surfaoo. B
‘Tyrode'a{aolu@mogt,Qont&inlnc double the usual amount
“pfggluaaéé;'was‘éu@blie&‘to the bath fram.a regervoir
1'via the heaﬁing coils. The temperature of the bath

way malnbained ﬁhermostablcdlly at 29+ 500, A

,31ntared glass dlatrihution tube was fixed ab the bottom |

of /'



of the bath to provide a vigorous supply of oxygen
with whichvﬁhé‘ﬁath'fluid was éerate&-in a form of fine .
pubbles. A thread was now tied to the cut end of the
phrenic nerve and, by means of a fine needle, about
-@he'éﬁ."of %halphrénia ﬁarve wes drawn into a fluld
eiectrodé(4§." @he‘fluid electrode cﬁnﬁaining
tﬁe5ﬁerve was.filled with double glucose Tyrode's
polution and the hole at the bottom of the electrode
was senled off with soft paraffin. By this
arrangement, the fluid surrounding the nerve at the
point of stimulation was not in electrical contacé
with the ﬁlui&"éurrounding thé.muscle in the bath,

The n&rVeras 1eft=suffiéient1y slaok to allow for any
movement caused by the contraction of the diaphragm.
Single sguare wave limpulses were a@pliéd to the nérve
by means of a Dobbie Melnnes squere wave generator at
a frequency,Qfmgwﬁnggwggfwﬁgyute,,at 8 to 12 volis,

1 the pulse width beiﬁg O«b to é;b magecs, In any one
experimént fréquency, voltage and width were kept

congtant ¢

Drugs (in solution in double glucose Tyrode's
golution) were added to the bath by mesns of a 1 ml,
tuberculin syringes The drug was allowed to act for

three 7/
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[threeAmiguﬁaaléf%aﬁ Which the mymede}s-sélution\in,%héfl
“‘batﬁtWQs,éhéﬁgé&, :‘Batweenfthe addition of one dose of
’the‘dfﬁgﬂamﬁsjhé»addiﬁian.ofvthe nﬁxt;,there wag én'-
interval of:gbcu%:15 minuteé;auring.which %hé Tyrodeis

amlutibn:wa& changed severai'times.

West(S) Obaerved that Lhe preparatlon gave a
_oonstant response oi good magnlhude for a longer permod,
1£_ﬁhejbemp@rature of the bath was 1owered from 37°0.
to‘26°c; He also found that the rate of recovery of
the muacle after the addition of a do@e of ﬁubecurarlne“ 
waa greatly aecelaraﬁea by addmng pobassmum dhlorlde
ta the bath afﬁer the tubeeurarmne bad heen wthed out.
Iﬁ.the QreSenx serleﬁ of. experiments, 1t wae obaerveﬁ
'Ehat 1owering the bath Lemperature ﬁrom 3700 to 299
without adaition of pota mium dhlormde gave a
aatiaiaatory recovary, and that Lha magnltude of the
':'musele contr@etlon waq maintalnﬁd in & satisfaetory )

mANNELs

6), uaing the phrenlc nerve»dmaphrag

cnon
‘prbparatlon Loy the apsay of curarewiika qubﬁtances, ”
allowed tha olution oif tubocurarine to act for 3
m;nu§e$,<a In Lh@ @xgerlmﬁnma degeribed in thig aectlon,

. 'thig /o




this feature of Chou's techaique was adopted because
it was thought thet if the drug was allowed %o ach
upon the tisgue Tor long enough to produce its
maximal effect, then so much time would be needed to

wagh the drug off the receptors that few comparisouns

could be made upon one preparalbions

Hydrallazine and dihydrallazine were allowed to

sct for 3 minutes before the drugs were added.
9, EXPURINENLS USING THE ISOLATED FPROG_REGIUS
ABDOMINTS MUSOLE.

-leth Gd »

The procedure used Ffor prepering the mugcle to
record the effeets of drugs was eaﬁentially gimilar o
' that described by urn{),  An adult frog wes stunned
by means of a blow on the.heaa, decapitated and pithed.
The frog quxlaid on its back upon a cork covered i
.ﬂiSSééﬁing“péard to which it wag pinned. The rectus
mugcle was exposed by ocutting away the akin of the
abdomen, and then it was ttissected from its insertion
inﬁé the @eivicigirdle to itavinaarﬁion into the
cmrtilage"of-the pectoral girdle, The rectus muscle

was /




T2,

“Wag ffeed from the underlylng connective tissugs; |
remﬁv9d.fxdmlthé frog and then suspended in an Qrgén |
bath of 20 ml. émpaeiﬁy byAﬁeané»of two threads tied
0 either end of the muscle., A loop was made in

the threaﬁ et onw end in order to fix the muscle to |

the bent wire in the bnse of . the bath, and a long

thread left at the other end. 'The 10ng thread was ﬁied

to a modified frontal point writing lever.which gove

a magnification,of 8Ato 10 ﬁimes. The bath contained

20 ml. of oxygenated frog Ringer's solution (Appendix 1)

at room temperature. - "Acetylaholine,

dec&meﬁhonium end naeotinﬁ were disuolved in frog
Ringer's golution to give the concentration. requirea and
added to the bath by neans of .a Qne ml. graduated

tuberculin syringe,

dolutions of drugs were added to the bath in
similar way. Uniform‘aubmﬁximal_contraétiona to the
same dose of acetylcholine were obtained before the

effeots of drugs were studied.  The time interval

between each dose of aaetyleholine was six minutes the 

remulting contractiéns Were recorded for hinaty secondd .
With nicotine and decamethonium the time intervel

bhetween /
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between doses waajabout 15 to 20 minutes;” fhe:

) - VI resulting contiractions weré‘recor&ed'for\ﬁaﬁminutes.
The bath was washed out Withifreshffrog_ﬁinge:fg )
selution.betweenidoses of acetyloholine, decamethonium
and nicotine. ﬂydrailaaine and'othei eompouhds Wére

added one minute: before the next add;tion of

acetylcholine, decemethonium or nicotine., ~ Before the
next addition of drugs, sufficient time was allowed

for the muﬁeleito_regain'ité original length.

The effects of drugs on the antagonism of
atropine and tubocurarine to acetylcholine were also
observed.

10. FXELRIMLﬂTS ON THE NICPITATTHG MIWBRAML
T OP THRE ANAUSTHETISED CAT.

Method. -

In these experiments cats of either sex, welyhing
between 2,0 and 3.0 kg., were used. The ¢at was
anagesthetised by mesns of an 1ntraperitaneal injection
of chloralose, and tracheal and vein cannulae inserted
as-deseribed on pages 46 to 504
The head was rigidly fixed by pasging a brass rod
between the jaws and then bying the jaws firmly tagﬁﬁher‘A

with /
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wiﬁh atring. The ends ofjtha rod were then gripped
firmly in clamps, and these were supported on uprights
fixed to the Sidé of»the operating téblé. IMBy méans
of a finé neédle, a sglilk thread was passed through

“the mid-point of the margin of the nictitating

menbrane df;the righfseye, and was tied firmly into

:place. The_thread was then pulled forward}and ﬁouone
side;.thus,making an sngle ofvabout“ﬁopfto thé long
axié of the cats It was then led around pulleys

| and"a%taqhed to;a frontal point writing 1ever.v The

" contractions Qf the nictitating membrane were recorded

on a smoked surface,

”he rlght ccrvlcal sympathetic chain was now
&iseected out and o Tine cotton thread tied tightly
around it at as-low d_poigt‘as.gosaible lnhbhe;neck.

The chain wéa severed above the ligaﬁure‘aﬁé Low in the
neck.f‘ Yhe ocut pre anW110nio cervical sympathetic

chain wasg then placed upon @ paxr of platinum electrodes
and ‘kept moist with normal saline, Contr'ctions of the
nletltating membrane were elicited by stimulatlcn of

the cervieal sympathetic by means of square 1mpulaeﬁ

at a frequency of 800 to 1,200 pe? mlnube, 8hto 15 volts,
the pulse width being 0.5 to 1,0 msec, In any one

experiment /
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experiment frequency of atimulatipn, voltage and @ulse~ﬁ

widih were cénstant, The nerve was shimulated, at
3 minﬁté»intervals, fér 15-seoonds.- H&ving'obtained
standard rapréducible responses of the nictitating
membrane by stiﬁﬁl&ting the nexrve trunk, solutions 6f*
'druga»were'injec%@@‘iﬁto-the externai=jugﬁlar vein one
| minute before the next p¢ried.ef stimalation.
Contraetianm of the nictitating ﬁéﬁbréhe;%efé alsbi;i:
obfainéd in response o adrensline 0? gggmdrenalinﬂ;. 

and the effects of drugs sbtudied.
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lq BXPERLENTS Of 1HE BLUQD ’RDSSURL OR THE
&NAI"THhTIb%ﬁ CAT

Hydrallaﬁine;‘dihydrallaﬂina‘and 316 dihydrazino

pyridaﬁiﬂe nitxaﬁe in doses of from 1 to 2 mg. pef‘kg.
pro&ucedla delayed and &ra&uml‘fall in~blbod PIessure.
- with Slléht stimulation 0£ respmr&tian and Heart-rate.,
After intravenous 1n5eetmon of hydrallqamne, ‘the blood
pressure did not fall suddenly, but relatively slowly
within 10 to 20 minutes and then remained for hours
at this lower level. With an adequate dose (L mg. per
kge), the pressure sometimes remained lowered for 6
to 8 hours, Bven relatively large doses of the
hydrallazines and pyridazines did not usually cause
any abrupt or marked f£all of pressure, such as i
obtained with genglionic blockers or after hlgtamine
raleaseg A correlation between the extent of the
hypotension and the dose used was rather difficult to
demonstrate sinece increasing the dpse‘did not increasge
the extent of the fall in blood preséuréfbut,Aat most,
i f prolonged the duration of the effect. The extent of
the f£fall in blood pressure was dependenm, at least in
part,von the initial b100ﬂ.yre&3ure,leve1; tha h;gher
the latter, the more morked was the fall. Increages

in /
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in. re&piwa#ory'mnd cardiac r&teé wefe not-prblongedvand"“
soon returned 0. the control 1ovel. l@ﬁydrnz¢ne
igoquinoline hydrochlor;de and )-phenyl-b hyartzlnom
pyrldazlne hydrcchlaride in daaus of 1 to 2 mg.'por kg.
ocoas ¢0nalbriailed t0 produoo 2} fnll in the blood

presgures ingtead thoro was o gradual rise The
cbbervatlona reeordea 1n thig thesis are ~gimllar to

thos e of Ieia, Groad Trlpod and Weier(a)

Hydrallazih@ QxhyﬂwallaﬁLne and lnhydraélno
igoguinoline hydrochloxride in the dose of 1 mg. per kg.
altered the pressor response to adrensline (0.15 to
2.0 pg.~per:kg;)'inﬁo a biyhésic proessor, depr&ssor
responge indicating an effect upon adren%lmne—mnduccd
vésocdnétri&tion but no effectvupon.the gtinulant

@i action of a&ronqllne on Uhe hcart (Tige 2.5),

ol

b i 1

1~hydraa¢no Lsoqulnoline hy&roohlsride nnd Swphenyl-6
hydraalno,pyrz@azmn@-hydrochlerx&e had &1milar effects
against adrenéline-buﬁ7occéSiunally failed to reverse the
responag} Hydrallaﬁmne, dihydrallezine and %36 |
dihydrazino pyridezine nxbrqte (1 mgs per ke .) partlally
aniﬂgonlued the pressor response to noradrcnalino ;
(0.5 to 2 pge per kg.), but the other compounds ﬂ;d
1ittle or no effecte Hydrallaylne and other compounds

(1 mg per ku.) /
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(1ng=~pe? kg.) showed slight antagoniem o the
"depre“sor effeats of wcahylcholine and hmstamin@ |

'T(O 5 to 2 ,O kge per Kgede | ln some cats the Geprcquor,
effects oi acetyloholine and. hlmLam1nc appeared Lo be
slightly proloaged afiber hydralldalne and dihydrdllazane.i
VWinen the ad.amn:t.fai:m tion of hi utc;ua:l.m was followed by -#
:b&ﬁhdﬂiﬁ aepreeﬁarnproa 30T r&spongm, hydrallazine,
dihydrallazine nnd 1¢hydraain0_éggguinolineyhydrachloride
in o dose of 1 mggvpér_kg. S%rongly antagonised the

pressor component (Fige 246). -

’Hyarallaziﬂe'and ﬁhe'bﬁﬁer chemie&ily related
compounds-in-Qqﬁéen%rétibns*ef 1 mg. pPer Ko effectively
“and rapidlyire&uce&"ﬁhe'lﬂvel off the blood pressure
wh¢ch had been srLiEicx&lly raised by a oontlnuous
infus ion of adrenaline (10 %6 100 W per mle per min.).
".L‘hé blaod pre‘s‘s“are usually re’m&.\i ned abt the normotensive
_la?ei alﬁhéugh-the adfenalin@»infusicn'was continued,
Drags were nob S0 efﬁeative againgt noradrenal;ne

- 1nfusicnsg

Vasopressor Reflexes.,

(a) Qarotid Sinug Pressor Reflexs - The pressor |
response to bilateral ocelusion of the carotid arteries

was /












was ﬂQL albe ared fOllOWlnﬁ 1 mb. per kpe doses of the:
:-flV@ dru g5 oeate& (g 9.7). Diugs had 11ttle
oflocb even after l Lo 2 hourw. These ObEOTVltLGﬂq

148)

do nob &unporh Lmo find;ngs of Bein et e who
showed bhab This Jeflex re&ponm@ was fi@nifieantly~
diminished after hydrallagine adpinistrotions

Walker and. hls col1eq ues(g) however, could not show

blockade of the carobid sinus pressor reflex in dogs.

(b)‘Oéelusion 6f “he Abdominal Aortas Hydr&ilazine
and, ﬂihydrﬂllﬁdlﬂﬁ in.dn eg oj 1 mge per kge reduced
the pressor response to Qcclusion of the abdoninal
aorba {Fig.~258)é - Re sPonse% er@ rarely sbolis hed,
but wer@'diﬁiﬁiﬁhe&-hy'ﬁboutf60 per cent at the enﬂv
of one hour. The obhcr Lhrae compmuﬂd -did mnotb

reliahly blwek thig response and 10 some prenaratlona

no an%q*onm ST Was showm.

(0) bblmulatlon of the Quﬁ Qenbrml Lnﬁ oF Lae

_Lervicdl Vaguss The five oampounae, even -al 1ﬂrbo dose

| lcvola, had little or no ‘effect upon the pressor
;?eapnnae'ﬁ@-@l@@ﬁrieal»ﬁtimulatimn4of the'cqntmalneﬁdv
of the cui vagus:. (Flb¢ ?.9). These sb ervationé é£e in"

contrast LO thom@ of ﬁeLﬂ et al (8)

(ay /.
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(a) Stimulation of the/Greater Splenchnic Nerves

.‘:"

e

- Hydrallﬂaina and dlhydrallw&ine in doaes of 1 mg. per
ke reduoeﬁ conpiderably the pressor regponses to |
ut¢mulan10n of the central end of ﬁhe &reater ﬁplﬂnbhﬂlc”
-aerve (Flg.'p‘lO). The f£indings roPOrted here are

in ag reemenh with those of Bein eb 31(8) The other |
Lhree drugs did not cong 1atnntly block uhe re&ponseﬂ

and in some cata fuiled to antagonﬁse tnem.

(@) btimuiqbiom oL tha gut ngtval Lnd of the

Seiabic Nerves . Hydrallaszine mnd Lho oﬁhor oompoundq

tested antagonised the y»ressor response tb'stimnlaﬁion

of the cemﬁral=énd of the ﬁei@tic ne#ve-(@ig. 2411)a

Res pon aawere never cnmnletely aboli%heﬁ even after one

“houre

' ',(f) Hyﬁéxiag None of the compounds tested had any
effect upon the pressor vesponse to hypoxia (Pig. 2,12).
'Fvem hmgh dos @s, after a pro]onged time, hordly ‘
ﬁffeetcd the response. : The*obﬂervatiamm gupport those
of ﬁriﬁtan muﬂ hig. oallemgucs(io) but a 5a1n.9re in

contragd W1L1 ﬁhoae of Bamn ot 1(8)

(g) Loeal Applmudtlon of 3rugs to _the Reeion of

Uhe Garotid ulnua: Experiments were only done with

hydrallazine /
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hydrallazine. Hydrallauine 6 mg. in!l mle, of saline
way infiltrated gently arduna.boﬁh the carotid sinuses
‘of the cat.  This infiltrabion caused ﬂ<§;§§555fwgéi%;"
the systemic blood pressure (Fig, 2.13), an effect
gimilar to that obtaianed by Heymans(ll) using

adrenergic blocking agents including the ergot alkaloids,.
Thig points to a direct relaxant effeot upon the

mugele fibres of the walls of the carotid sinus.,

‘ Heymans(ll) hag argued that the drugs relaxing the
‘arterial walls of the cerobtid sinus and increasing their
distensibility,,decreaée the stimulation of presso-
receptors and thus induce reflexly a rise in the blood

PTOSHULE o

2, BEPERIMENTS ON THE BLOOD PRESSURE OF
THE SPINAT GAT. |

In spiﬁ&i cats, in which the blood preééure isg
usually\;owéred;to about 50 to 60 mm;ﬁg; by eliminating
the higﬁer nérvoua-mﬁehanisma regulaﬁing-ﬁlooﬂ pressure,
the phthalazine derivatives elther cause no diminution |
of preassure or have only a slight effeetQ | Since'
the vessels are almost maximally dilasted, the drug

appears to be unable to cause further dilatation; but

if the blood pressure is raised by adrenaline infusion,

the /







the phihalazines then mausé'éifall of pressure vhich
is reduced to approximnbely the original lcvel (Flg.2.14).1
Hydrwllaa¢ne and other eompounda altered ‘responses ta
adrenaline and noradrenq1¢ne in the - same- way as in the
 @maesﬁhetisea1caﬁ. The preasur component of the
gresponae‘to'hiﬂtamine was anbagonised by ail of the

five compounds.

The fact that hyarallazine cannot produce
'hypobension in spinal anmmnls cannot be explained
smmply on the aaaumpticn that these substances ure
effective iny in the presence of an intact eentral
nervous syastem, but'the explenation is brobably baééd
on the péxticular circulatory conditions - especially
the markeﬁlhypotansion which is seen after destruction

of the medulla oblongataaf

%6 RXPERIMENTS ON ISOLATED pLRPUﬁLD
©. RABBIT AND KITTLN HLARTo‘f

No differences were noted in the results obtained

when experiments were carried out either with rabbit:

or kitten hearté,' Perfusion of 1.0 to 10 pg. per ml.

of hydrallazine or dihydrallaszine caused an irreversible

decrease in amplitude but an increase in the rete and

in /







.‘;‘1n th@ outilow (Ei . 2 lb) o The decroaae mn” |
amplitude was ;radunl and b@onma evmdeﬁf within.a few |
ninutes after thﬁ start Qf the periualon af hjdrallazine. “
 ﬂolutiQn. | Deeranﬁed anplltuue aid not return to o
fnormml even mftar ﬁhe drug WaLE withdrawn.= luhydraz¢no
'1soquinoline hydrouhloride (10 WZe DOT ml Y
l‘irreveraibly decreawed thc rate, amplitude anﬂ oatflow

ﬂof the heart. :

 '”he ,noreased rate ﬁnd amplituqe of conﬁraotiona‘ -
t'fproduced hy adrcnaline (O GO to 2 pg ) amﬂ narndrenaline  ,1?
(0.50 to 2 ug.) were slightly pobenﬁiated by o
'hydrallaﬁino and dthdralladine ot a dose level of

10 ugi,per m1§,f7'Theae eompnuuus hsd littl@ or no effect
on aaetylbﬁoliﬁg (0,05 gg,).gndaced &epre&sion ofuihe

heart.

. ,_:_5;.;;@:&9 mpmm's Ol T :r: omm) ATTP{lCI:L.a o
e " c:m mﬁ GUINEA pm.

l When hydrallazine and dihydrallauine in concentrat-;"
ieﬁa of 245 %0-10 be per‘mlﬁ were addeﬁ to the bath,
th@re W& an Lnlbial 1ncraase in amplituaa aﬂd rate, |
| which waa followed by a- scoondnry dapre&mion. Oﬁher

’oampounda (?.g te 12.3 e per ml,) viere 1neffeot1ve

or /






o cauged a JaLl in rate and amplmiude. 'After'
waahlng the druwd ount the rato and amplitude were

restored 40 the origlnal levels,

| Hy&rallazine ahd»&ihyd%alla%ine (10 ug. per.mi.)'
caunsed élight'pdﬁenmiation of thelstimuiant effects

of adrenaline (O OBQng; pcifml') and noradrenaline
(04025 M&, per ml ) (Mige2. 16) but lanyurazmno |
_igcqulnolina hydrochlorlde (245 10 1245 pg. per mls)
and 316 d;hydrazino ‘pyridazine nitrate (2,5 to 1245 pge
pexr ml, 2 hd@ no effect or casused slight poteuﬁ¢atian,;‘“
 wh1le 3~phenyl~6 hydrazinopyridagzine hydrochloride, in.:
gimilax concenfraﬁione, had no effect. Hydrallazine
and. dihydrallaéine (10 to 25 pge. per ml) had no

effect upon histamine (0,013 ug.por mla.) induced
acomleratinn and on acetylcholine (0.0 to 0.10 ug. per

mle) 1nduced ‘depression of the auricles.

5- LXPERTVENTS ULPON iﬂb 1SQLAT%D GULNIEA
PIG LImUM,

In some preparations which were very sensitive to
higbamine, hydrallazine and dihydrallazine in doses
of 5;t6;2Q;Q8°@@r-m1' showed a direct stimnlent effect
'bﬁt‘iﬁ'éthér&-no direct action, even with high doses

(100 /
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(100 to 2004ug;pér wla.) ,. was 6bsewved,

| Gﬁﬁﬁfaé%imma of fhe guines pig ileum Tollowing
- ‘the addition to the bath of acetyloholine (0,10 to
el ug.pcr mlae ) were potentiated by 12.5 to l?bug.per ml.‘
foi hyarallazine Qﬂd dlhydrnllnylne (Pige 2 17). The g
”extont of pctent atlan of the amplitnde of aoniractlon.

dld not appear 0 be related to the dose of

:hydrallaamnﬁ. | Recovery to the original level was.

.'ugually promﬂt. Hydrallaaina and dihydrallazine
in smaller domes (12.5 o 25 pg. ;pem~m1;).p0tanﬁiafed
‘histaminé:(G,lktd_lsOLu;.per nle) inﬁuaed-conﬁr&ctioné‘
but antagonised them with higher doges (iOO o 125ug.
per Mle)e ’3~gheny196~hydrazinoDyridazine »
hydrédhlcrida.and léﬁyﬂr&zino ;ggguinoiim@ hydrochlor-.
ide (12 to 128 ug.jperimlg) éntagoniaed contractions
due to aecetliylcholine and histanine, but«3:6=dihydrazinQ '
pyridazine nitrate aﬁ'ﬁimiiar dose levels was

ineffective. .

defallamine and aihydrailazime (10" to 125 ug.per1 
~ml;)'p0téntiate& the response of the guinea pig ileum
Lo 5ﬂhy&roxytryptémiﬁe (30 ng. to 3 pgeper ml.) (Fige2.17).
5ﬁ§he§ylh6 hy&raginqpyridgzine hydraehloriﬁé and 1= h
bydrazino / - |
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hydrazinq égggpinolin@ hydrochloride (gﬁ'tm 12% pge.per
ml.) antagonised S-hydroxybryplamine vhile %16

dihydxamxnolpyridazine nitrate was ineffactive.

Oagtragti@ﬁs of therguimeg pig 1lsum iﬁduaed’bysbarium
chloride»(oqéd t0 0,50 mg. per ml.) were slightly
antagonised by 5~pb0ny1u6 hydra&inapyridarlne {

, | o hydradhlorzde (1&.5 to L25Lug., the other druge had

no efiectg,

4y 6 DXPERIMENTS UPON THU ISOLATED
AT RABBIT DUODBNUM,

| Hyﬁrallémine and dihydrallagzine (0.50 to 10 pg.per
per mL ) inereased the tone and the amplltude of

(Qgg;staltmc movemeniagaﬁ isolated strips of rabbit
duedenum;h‘ Bmghar domos (25 o 50 LEe DOT Wle)
caused a Sharp coniraction (Pige 2.18). The other
three,cpmpounaﬁ cauged a ﬁllﬁht 1nexease in tone at

" doges of 2.5 Ho 12,5 WZe per ml,

Contractions of -the ducdenum fOLlQWan the additlan
of aoutylaholiﬂ@ (0,402 40 0.10 pge per ml.) or
”sbammne:(a;m to 20 pg.per ml.) were poﬁenﬁiated by
1245 to 50 ug. per wml, of hy&r&llaﬁmua and dihydrallagine,
ﬂc@tylcholinamiuduce&voontmaetiona were slightly

. antagonised /
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antagonised by the other three compounds (2.5 to 12,5
Wge pOr mi,)g Gonfractianﬁ-due to 5@hydroxytrypta@ine
(L to 3 pge pew ml,) were slightly potentiated by
'hydxallgziﬂe and-dihydrallazin@ (10 to 50 ug,wper'ml;) ;
but the'oﬁher'compounds ked no demonstrable effeétw
Hydrallazih@:br dihydrellazine (5 to 50 pge per ml.)

and the oﬁher compounds showed only slight or no antagan—\
ism to ﬁhefreduefion\in tdne‘induced by 0.013 to Ol pge

per ml. of adrenaline or noradrenaline (Pig.2.18),

UTGRUS «

llone of the compounds had any direct effects on
this preparation., Hydrallezine and dihydrallagine
(25 to 50 pg. per mle) showed no, or alight, antagonism
to.adrenaline (0401 to 0410 pge per ml.) or poradrenaline
(Qe25 to 1 ag; per ml.) inhibition of acetylcholine
induced contractions. of the rat wberus. The other
three compounds Themselves anbagonised acetylcholine

anfl were therefore not tested.

- Hydrallagzine and &ihydxaliﬁzime (12.5 to 125 BGe
per ml.) csiused a slight ﬁaténﬁiatiéh,of'the réaponée

o /
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to acetylcholine (0.1 %o 0425 ng. per mi,)gyig.\8»17)
but the éﬁhqr~three eompouﬁdé (5 to 75'@@. pér ml, )
antagoniged ite  I-hydrazino lgoquinoline bydro-

chloride was the most potent.

ﬂydréliazine and dihydrallazine (10 to 160 TR
per mle) showed a.h'hagcnism 0 contractions induced by
‘ Béhyaroxytryptamine (0.1 t0 2 pge per mle)s:  Similar
effects were showm by othéf three compounds but 1w
hy&raﬁino‘gggguineline hydrdchloriaa appearéd t0 be -
a'putent.antagbnisf (2a5 to 25 pg. per ml,)
8. EXPERIMENTS USING DHE ISOGATED RAY
PHRBNIC NERVE DIAPHRAGHM PREPARATION

Hydrallegine and dihydrallezine had practically
no diréqt effects unless used at a concentration of
1l mge per mly when they . .reduced the twitch height of
indirectly sﬁimulated muscle. Hydrallazine and
dihydrellazine (200 to 500 pge per ml,)'almoaﬁ
completely antagonised the block induced by decamethoniunm
(0,10 %o 0,15 mge per ml,) and nlcotine (0420 t0 0440
nge per ml,) bubt had no effect on the block caused by
; tuboeurarine (C.Olv—to 0,03 mgs per mlé); The othér

compounds wexe not tepted on this preparation.
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| 9. TXP SRIMENTS JSTNG AHE  TSOLATED FROG
| REGTUS ABDOMINIS MUSGIE.

Hydrallezine, dihydrallazine aﬁd'lanyaraziho
¢30quinollﬂp hydrochloride (5.0 to 50 NS pnr ml Y
“potemtlated the responae of the iro raaﬁub abdominis
musele to:acetylcholine (0410 to O 50 u " per ml )
while thb othor two compounds (5.0 %0 25. pge peT ml.)
caused nﬁLther natentmatlon nor anbagenlsm.
‘ﬁydrall&?inﬁ and dihydrallazine in sxmllar dmsns
potentiated the responge of the iyog rectus muscle. to
0,25 to 0.75’mg._per'ml. of potaaaium_chloriaé; while
thedthér_thréé campoﬁnds had noieffeay“op'oauéed
slight anﬁagpniﬁmg ‘ Eeaéméthonium inducedvoontrécﬁioﬁs .
(2 t0 3 pg éer mle) wore. antagonised by all the five
compmund& but the doses required cf thIﬁllaE“ﬂC and
dihy@rallaéaneiwere hig@er«(pﬂ b0 100 wquger mlu);(
on ﬁhe‘othér:hand 50 puge per mle of hydr&ilazina oY
dihydrallagine potentiated the réspénae of nibetine‘

(1 t0.3 pe. ﬁ@r ml.) while the other three compounds at
acges of 2.5 to 12.57uv. per mie Shewed glight |
antagonisms Ffter deonmeﬂhnnmum was waghed out,

B0 pge per ml. of hydrallqolnﬁ, d¢hydralLaa¢ne or 25

to 50 pg. per nl. of 1~hyaraﬁinm Mgggulnulnne hydro~r“
chloride /
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hydrochloride ceused the rectus to contract even though
they had no direct‘éffecﬁ on the muscle prior to
decamethoniﬁm. After 5 to 25 pge per ml. of
hydrallagzine ox dihydfallazine, atropine (0,10 t0 2 pg.

per ml,) or tubocurarine (0.40 to 0.50 pge per mls)

did not antagonise aaeﬁylcholine induced (0,10 0
Q.50 pge per ml.) contractions. Tserine (2 to 4 pg.
pei mle) potentiation of acetylcholine induced
contractions was further enhanced by hydrallazine and

dihydrallazine (5.0 10 25.0 pgs per mla).

10, EXPIRIMENS ON UHE NICTITATING MEMPRANE
oI THE AVARSTHENISED CAT.

Hydrallagzine and other related compounds in doses
of 1 0 2 mge per kge showed no direet effects on this
preparations  Contractions of the nicfitating
membrene induced by adrenaline (5 to 8 pgs per kga) .
were slightly antagonised by all the compounds (Fig.2.19),
excepting 3-phenyl-6 hydrazinopyridasine hydrochloride
at doses of 1 mgs por kg Contractions due to DOT-
adrenaline (10 pge per kgs) or preganglionic elecotrical
stimulationlof the cervical sympathetic were not

affected by any of the drugs tested.




(1)

(2)
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QHAPTER IIT

"This-chapter h%ﬂtbeen.devoted to the study of -

the ﬁquCb% of hydrallmzlne, dlhyGWQllaalnc,;3-phehy1~

’.:6€hyqraf1n0pyrlddu1ne hydroohIO?lde, léhydrazino LBOu'

quxnollne hydroghlormde, 5:6 dihydrqzlno pyrmddzine.
nitrate and-reserp¢ne on art@r¢a1 smpoﬂh-muacle.

The fallowiﬁg prepavrations have been\usedi"

1. (a) The isolated rat hindquarher
(b) The isolafed r@bblt ears

24 Iaolqted stripq of the thoracic aorta of the -

rabbit and aat.

Ze Ioolated strips of-horae_carotid arterys

In thls seatlon,hvdrallazlna and ather compounds |
were tested on . the is solated rat hmndquartors and rabbit
.ear oﬁ1y,' . Hy&rallaﬁine'and:reserpina were tested on
isolafed strlpe of rabbit and C%F aorta, ﬂnd on.horse

zrotid arterys
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Ay LXPURTHENTATL

l(a). 1**}&.4?»111&4@1% ON THE ISOTATED PURPUSED
RAL LD Ulii\{i.‘l‘:ﬁu .

iflethod .

In these experiments the pressure at which the

physiological fluid @assea'through the blood vessels was
kept constant, and alterations in the rate of outilow
0f the perfusion £lpid which were produeedyﬁyhthe drug
were reebrded by means of Gaddum's drop racbrder.

The vessels were perfused with oxysenated Locke's

gsolution at room temporabure.

Rots of either sex, weighing between 200 and 300 g,
were killed by a blow on the head, The throats were
cut and the blood allowed to drain out. The abdominal
cavity was opened by means of a longitudinal incision
extending Trom the aternum to the anus. The reoctum,
the oegophagus and the inferinr and superior mesenteric
arteried were divided hetweem.ligatugﬁa The sbdominal
viscera were then removed. Thils brought into view the
abdominal aorta which was cannulated. The body wall
end vertebral column were transected above the point of
connulation and the cannula attached to the perfusion
syétem.by means of fine rubber tubing. . The perfused

hindquarters /







bindquarters were sct up in the apparatus shown in Fig.3.l.’

Two wesérveirs are iﬁcluded»iﬂggﬁigwéﬁﬁgfé%ﬁs‘ﬁ The,f
rate‘bf fiow of fluid ffam the bubbie trap to the :
’fingeetlcn cannula is controlled by an adjustable screw
cllp, and can be adjmabed to a suitable rate at the
beoinnlng of each experiment. The 1njection cqnnuld;
‘(the design of which was based upon that suggested by ‘
Gaddun and ﬁwiatkowska(l)) (Fige 3.1), allowed the'drug -
éolutions‘tovbe ihjec%ed at é éanatant'rate. * Thls was .
qchieved by -injecting’ the solutxon with a tuberculln s
Byringe, fitted with a fmne needle, throu h the rubber
cap at a rate auch that the 1evel of fluid in the
c&nnula was unaltered durlng the process. The
hznﬁquarters prepar&tlon was placed on & wuslin rest
1ving;in & filter funnel. The outflow was led via the‘
filter funnel to ‘the conmacts of a &addum drop reccrdin&

asaembly(l)

” After settin& up the préparatioh, a uniform outflow -
record was obtalned for at ledst 15 mmnutes beiore drug
were ingeoted. Drugs were dissolved in the Tocke's
solution in one of thé reservoirs to mlve the desired
| eonCenﬁraﬁioh (10 pg.fpér,§1$)¢' The drug solutibn was
allowea'to perfuée;thrqughffhé'preparmﬁion for ld-
minutes / - |
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minutes and the same concentration of the agomist . .
injected again. After sbout 30iminﬁtes, the drug
pérfusiqnxwagistopped, the‘hinﬁquart@rﬂ perfusedﬁﬁiﬁh 

‘Locke's solution snd the doses of he agonists repeateds

“1(b). EXPERINENDS ON UHE ISOLATED RABBIT FAR.

- ‘Rébbits‘Were killed by a_ﬁharp blow on the héek_of‘

the necks It wes Tound thet gubsequent caﬁnulatién" ;”
\was mqre easily carriedieut'ifithe'fur‘atx{he base of

the ear was shavéa.ahd therpgth of the dorsal suricular .
aftery~$racéd'in ink beforé-killinw~tha animai. » If the -
animal was not bled, the: vaseels of the ear did not tend'->
to oollapse. The onimal wes placed on a dissecting |
bourd and a ﬁmali gtrip of skin at the base of the

ear removed. ~ The dorsal aurieular artery (the centra1~
vegsgel of. Lhe ear) was freed from aaherent tissue using i
the blunt disaection technique. A fine polythene
cannula, filled with perfusien fluid oontaining a little
-heparln, wag - then tmed into the veqsel. The ear wag -
severed from the head and connected to the perfualon ‘
apparatua by means of fine ‘rubber tubing (Fig. 3. 1).
VOther details are similar to those uppllad to the':
prepﬁrabibn./ |



preparation of the rat hindquarters..

2, EXPERIMENDS ON SURIPS OF RABBIT AND
GAT_THORAGIC AORTA

| Fpr,a&éh experiment a rabbit or a -cat, velighing
from 2 to 3 kgﬁg was rapidly decapitateds  The
descending thoracic asorta was removed and pléeed in
e Petri dish containing lyrode's solution at room
*températuree' Excess fat and connectivejtisﬁue were

trimned off. The whole length of aorta was then cut

s, along a closed spirel. During the ocutting « which

s ™~ wap done .with & peir of swall, sharp pointed scissors -

- the uncutvpertion af the.aoxta ’ whidh\wgs held between ﬁhé
thumbh and fingers of the operator's free'hand, was
gredually rotated and moved forwarde towards the scissors
in such a manner as to permit'a coﬁtinuoua spiral’
incigion. The resuliing strip was usuaily about 2 mme
wide and 20 cm. long and contained smooth. muscle Tibres
(the oireular fibres of the iﬁtact aorta). TFrom this
strip shorter stripe of 2 to 4 cm. invléhgtﬂuwere out

for use in the experlmenﬁﬂ. Durmng the whole procedure

of preparing strips of artery, bhe tiﬁsue was kept

moistened with Tyrode's solubion.. (hppendix 1)

Strips /




%8.

Strips of artery were aet up in-organ baths

containlng 20 ml,. of oxyﬁenated Tyrode'm solution at

37% 0.5%,. Drug solubions were wdashed out from the

bath by allowing fresh fluid to flow into the bath from
the.rQSQrvnir 80 as to'di3p1a¢e'ﬁh€'dbntents; ’,Genﬁract;
lons were recorded by means of a mddifiéa’frbntal'pbiﬁt
lever adjusted to give a 9~fold'magni£ication.. The
gtrip was‘kept‘under a ténsi?n‘oi Slwfgw~fpr one hour
before any arugg were added. The g?adual elpng&tibn
under tension is the result of a phyaidai ﬁrooess‘

in which certain,undefined1étrudtura1'elem$ntﬁ of the
~aortic strips slowly lengthen, and does7not appear to

be due to gradual loss of spontaneous tone.

Contractions oi the strips. were eliclted by the N
addition of a atimul&nm drug to the bath. ” Ganerally
- a gradual contraction starts and reaches a maximum
in aboﬁt‘s minutes.«w While‘ﬁhe’artery strip was still
in a staté of.éonﬁractién,xhydrallazinﬁ or dihydrallazine
was added to the bath. After the maxinum relexation,
the Tyrode's aolution was changed by running in a

fresh solution.

Certain observatmOns were nade on,Lho nature of

theae 4




these strips. Whe thoracic part of thé aorta of both

the rebbit and the cat was more gensitive to stimulant

u; drugs than the abdominal one.. The’acrtae'af cats

were more sensitive than thoge of rabbits.

"Freﬁaigtionévfraﬁ ﬁhe‘aortaé of cats and rabbits
were not very satiafaetary bééauaé thé'magniﬁude of
contraction or relaxatlon.waa usually small, Further~
more, the rcspcnqe waa slow and recovery proionged, 80
that the txme xntnrval between dowsey was often as
mueh ag two heurs. Many of the shrips were refractbmy |
to whimulant drués 1ncluain acetyleholing, 5w B

hydroxytryptamine and histamine : | N

3o BXPBRINENLS UPON STRIPS OF
IIOR A0k CAROJ.I]) ARTERYs

which responﬂed read¢ly te atlmulani drugs wag necessary
for +the »Ludy ol drug antmbonlﬁms. in ﬁhe prevmous
sc@tion the prepdrations desoeribed. were the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>