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CHAPTER%1.

LNIRODUCTION

Despite the lncreasingly imporiant ral@'mﬁ synpthetic
drugs in modern ﬁh@rapeutimgg drugs of natural origin are
still widely employed clinically. The last decade has
witnessed the introduction of a number of new therapeutic
agents derived from animal and vegetable sources, ithe
discovery and development of which has pavalleled men's

ingenuity in the Cleld of syntha@i@vﬁrugé.

A number of the newer naturally a@murwing'ﬂrugég Q%g.
the antibioties and the stereld hormones are #éw dlscoveries,
'whilﬁt others are older established remedies which have
been used for & considerable time in Folk méﬁiaineg and ﬁhi@h{a
have come 1lnto prominence as a ﬁa&uitle nawfﬁhémical |
't@nhniquea which have enabled the active principles o be

isoleted, purifled and prepared on 8 commercial scale.

Btriking erxamples of this latier group are the isolation

- and elinical use of the purdfied alkalolds of the Rauwolfin

and Veratyum speciea. Urude extracts ana]pr@péﬁations of
the alkaloid-bearing perts of thess planis have been used

for meny centuries, Rauwolfia in Indla and China and Veratzum
in Burcope and America.  The extraction and purification
of . the astive prineiples of these plant species has made
pogaible the chemical and bialwgiéal aﬁamﬁaraiﬁa%ien‘of the

Adrugs/



2.

drugs and paved the way Tor their rational clinical use.

Although the uwmuhlﬁmam@ gide efTeets someblmes

LY

associated with the aﬁmm hr&twam af the Vaﬁquyum alkél@iﬁs
and the introduction af;m@ﬁ@-raliabl@ gangllmmla ﬂln@kiﬁg
agents has t&n&@d'tm eéméé’& ﬁédﬁétidﬁ”iﬁ the elinical use
of ﬁh@zpﬁﬁiféﬁd peinciples of the Vcwﬁtrum &jkdlﬂiﬁﬁg tﬂey
are %tiRl regarded a8 therqyeuﬁieaiﬁy usafml apants for use

Cin the m?catmem% af gome ma&a& @f hyperbun 1Qﬂg= This dppli

 'ﬂﬂP@ e%@euiqily %0 Lh@iﬁ use in. the maﬂdgﬁm@ﬁz wf the

hypertension whl@h ir@q&ﬁmbiy macur&’&n‘th@ t@ﬁ%%ﬂid of
prﬁgn&nﬁyg

The ancient Greek hevbalists were f%mlli@? wzth the

&

pharmacological aﬁtivﬂ of the: erztrum &lmaimiﬁﬁ? and af
thelr pources. The plant Gall@ﬁ by Dioseorides mf,Anaga?bal
E“€\£%°355;\F°%599 the white hellobore, is described by him in

- his herbel compiled ln the Firvet centuxy A.D.

Both Hippoeraies and Theophrdsius mentioned the white

nellebore in thelr writings, but failed to give a descriplion

- sufficiently complete to enable the plant to be identifisd.

wiﬁh amy geviainty. Bome leter writers have indeed doubted
Wh@%ﬁ@r zna ﬁell@baﬁuﬁ albug described by these two writers

is i@anﬁiaal thn the V@wmuw album Tound in present day

kﬁmr@p@af



Burope.

Dioscovides, who was the firﬂt}aflth@ Greek herbalisis to
systematlze the Gve@k-mﬁt@ria meﬂicag giving precise
instructions as to. the cultivation, collection and sitorage of
madicinal herbs, gave a full account of both the pharmacology
and botany of Helleborug @%&ggg Frowm this description and the
illustration drawn by an unknown Byzaniine ertist (but based.
on the drawings-of‘crateuaa the Greek bmtaniﬂt) in 512 ﬁ,D.a

it 18 alwmost certain that the two plant specles are identical..
%ibthorpg in the Bighteenth century found BO%& the white and"

black hellebore din Greece and in the list of synonyms citved by

Diocscorides in his monograph of Bllgborug albus he gives

Vér&trum album as the name used by the %omané, The botanical
ﬂ@aeri@tian givmn'by Dioscovides is admit%édly'mather VAague,

“but the poﬁ@rful ematic and at@?ﬂutatmfy effects of the dried
rhizone d@ﬁcribaﬁ so vividly by him, and so characheristic of

dried exiracts of Verabrum glbum, leave litile doudt that

Elleborus albus and our present day Yeratrum albun arve the

game plant.

The an@i@ﬁﬁ phyaiclansg W@wa'fully aw@re-ef‘the'pgt@nt
nature of the whiﬁé bellebore but this did not prevent them
Trom adminiatering it as the dried root indiseriminately in a
o |

wide vaviety of condltions, Hippoorate in his Apyhorisms

recommended/
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rauammanﬁ@d its use in mamiag mgldnmhai¢&g ngmragmg
eiaphantmagiﬁg pilegay and ?ahﬁemg but ng conasldered 1t La
be safer 1€ ;t firsuly_eauaﬁﬁ vamzting. He must have been
aware of bthe toxle nature of white hellebore because he
considered it to be wngsafe for sdministration Lo persons

of weak emnatitntiana’Ghiléwﬁn;-Qld“mem,aﬁ@,tnqsé wufferiﬁg_uf
Trom pulmonary éam@iaint6§ and aﬁ@n in rdhuaa p&tienté it waa

considered Uise to add an inert diluent,

The Réﬁam& were well awaraigf ﬁh@’pﬁéyevtiﬁa of ﬁh@_@hiﬁaf
,h@liobofe whgeh Lmey called V@ﬂ@ir@m 1bgg.,5‘wh@‘ﬁoman“ . |
ﬁhvataiau and. pralifi@ welter on m&@&ﬁmi avb jects, Uelsus,
who 1ls believed to have lived a generation before Galen,
frequently. m@nhiﬁnn the use of white h@ll@bm&@ in his "Treatise
an‘Mediainé?; He recommends whiﬁ@ h@il@bar@~%m the drug of
éhmicafin'eaéea wiere it is desired to produce vomitling, and
also advocates the use as'a aL Liv for tﬁeitr@atmen% of |

vleors and in eplilepsy.

14 is interesbting to note bhat ﬁo%h Biﬁ%@wyiﬁeg and
Celsus counsel tna use of wmﬁt@ hellebore brulsed in vlnagawi
far @&z@rmml &ppiiﬁabian inmraby %ﬁt?&utlﬂ& the al?al@ld% 1nh?«

solution as thelir acetates,
During the dark ages that followed the eelipse of the
Gracco=Homan clivilisations no mention can be Tound of any

mediceinal/
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medlceinal use of Yeratrum @%ﬁ@%,> Goodman and Gil man %ta%@,fr
that the plant was used in-tha Miﬁale Ages far BOLCO LY amé |
in mysiiaal rltes, Orf the imw medical books available Whiwa
were written duving this period neither the %faﬁaiaﬁian by -

Heinrioh of “"Bin Mitt@len@liﬁahaﬁvM@ﬁizﬁnhuﬁh“

publiﬂh@ﬂ,im
1328, nor the “"Science of Cirulergie" of 1380 make any

mention of either hellesbore op gggﬂggg@,ggyﬁm.

With the advent of the Renaissance a:ﬁ&w interest was
taken in the Jdruge and hevrbs whlch f@f'many @anturiaavh&ﬁ
be@n‘ﬁha province of wise women and charlatans, The
treatment of di@éa%@ began to become more ratlonal, 0&@Vi£l@é
states that the white hellebore was first cultivated ﬁn thi
-couniry by ihe Blizabethan herbalist G&ra?ﬂ? in the Bixﬁ@énth"
century who deseribes the plant in his "Histowie of Plant”.
Avicenna in the "Canon of Medicine" an Avabic work £irst
published in Britain in 1523 mentions the uvse of hellebore as.

o purge but glves no ﬁauailgg and this vefarwn@@ may W@ll
refer to Helleborus niger. The i@mnoalaﬁtia German physiclan
and mystic Paracelsus born in 1490, had great faith in the
powers of hellebore to effect a cure in epllepsy eand gout.

ﬁa divected that the root be gatharmd in the wan:ng of the

moon Whegzlt im in the slgn Lmbr& and on a Friday.

The/



- The walifiﬁ %@w&ntﬁ@ﬁth @ﬁﬁﬁmﬁy wwltwy-aﬁ mmﬁ&ﬁﬁl tax%ag
Nicholas Guip@p@? in nis 1652 tyanﬂlatﬂmﬁ of tﬁa Eharma@amea%at
L@ﬁ@inﬁn&lmﬁg &ivma WhL%m hﬁila&@?@ oy %n@ammwmyt aad a&m&roa%]
compounds @anaaining the dr?@ﬁ fﬁﬁ%o Hﬁimmmmmntﬂ very ‘ -
unfavourably @m the use of whl&a h@lleﬁmvw anﬁ ite
@@@p&&ationﬂ; uma@w?tha‘mammgfaph;fmr Whitﬁtﬁéllﬁbﬂﬁa he
WJW?iﬁEﬁgx”Thé'fmﬁﬁ of white h@llé@ar@“wffaﬁéé%@wérﬁ’baing
grabed and @ﬂufﬁ@d«uy the nose @avmﬁ hiam@ézinﬁf kil L@uh,faigé;
and mlce ba&mg mix@é wiuh uh@ﬁﬂ mﬁ&te‘ BN :N but a BEUTVY -
umhnrilah maﬁicin@ heing @&k@ﬂ %nwawd Ly and tﬁar& ors @@atm
:l&fg alone than us %ﬂ“ ’ ﬁﬂ has even more m@a@hinw oriti @l@m

&ha London &mlia&@ gz iwﬁﬁru@&iﬁﬁﬁ for mmknn& M@l

,1ﬂallabgratnmg 1 quote “Whab a monﬁt?wm ha?wen@am hory i&;@;

h prdble ?@Q@ipt hava wWe g@t»h&f@ _ &*pmg@@*@f‘whzn@
h@ll&m@fe bmg&aa in £ﬁuv @n piat& of water to a@?@n,ga;};@;{@a
pu@ga'maiaﬂﬁnglv say. bhmy bus for Wh@m9 - For wen or beasd?

ﬁmr tm@ m@ﬁiﬂla@ waulﬂ be $0 m&%am@ @mﬁ Pe Wll wmuln aat tahﬁ;gi

it nnL@ #; W@wc pmu%eé ﬁmwm hﬁ chﬁﬂau wiha 8. hmyn .

IL is vaxaum ﬁf@m ﬁalg@p@? o 0amm@nts Lhat the migﬁ
ﬂ@@m@@ of LOﬂiﬂ?ty and the. umm@f@aiaty of ﬁﬁt1@ﬁ of Lﬁim
drug were ?@il ?@@ogmiﬁed but pﬁ@pawmtlan& mP %hw ta?ae maJor

3Varmtﬁgm ﬁy@@l@ﬁ wara o wwmazn mlfieiml unt%l 39&49 durwny

e e

which/ | I
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which time very much more came Lo be learnt of theiv

gha?ma®®1egy and toxicology.

The m@ﬁiéaljﬁfﬁ%ing@faf‘ﬁﬁé'Eight@@nt& é@ntuﬁy mwniain
NUMSTOUS references ©o thélﬂﬂﬁ @? pﬁ@@awati@n@-cf whit@'“::%*
hallsgbore maimlytin @pil@b&y and ather manvai sive d¢ﬁorﬁ@f%

and in the treatment of ﬁkim @rupﬁigﬂ%, ‘Th@ﬁm geems Lo ha@?
1mean little @ aw@@@wm%imﬂ b@t@@@m the L@ﬂﬁ@ﬂ dﬂd h&mﬁﬁufg% ‘
Royal Colleges ﬁuwiﬁg this yuﬂ#@d ag the Ldiaﬁvﬂg |
thrma@@ymﬁﬁg off 1737 listvs th@_two guite ﬁxf?a?@n@ mn@ei
ﬂ@ll@gmﬁum:QWQHﬁ“ﬂn@ MPllgpmﬂgm nt;gr un@@% ﬂn@ ﬁaa@im@ d$1 jf
hellabore ?mwt Tt cb@ ﬁamﬁcn Fh&wmgganmnia QL the same %3ma
(17L6) lists the two @pnﬁmﬁeiy@ Ine coriiest W&ﬁaﬁﬁ@éﬂ.
mJinlcal trigl of ﬁ&g@;yvm a)h {0} wae reported in 1781 by
%f@ﬁjngg ‘‘‘‘‘
patients auffewiﬂg foom: na ania amﬁ m@ianmhali& the»majggigg‘
af‘unam@ﬂ twantvwahpwag W@amévea no han@fiim ?n\gam@ ééwééh”‘

doses of twd grains @au sad ﬁ@ma@a and . w@mxﬁixg ﬂnd @lmagb alT

casoHs ﬂhmwwﬁ BOME ?wrm of toxio ?amabﬁwna

Wmadvllla {1?%?) ﬁtd&&& tbat almhaugﬁ pwryaratzanﬁ of-

n@&gﬂm have. buum usad’ in a ﬂﬁmb@f @f mmnﬁi&ian& Ln@ d5$%&$96

2 RIS

Yer
in which its @fﬁ&@@@ﬂ@y soemns loasd @quivw@al apre ﬁla@a fets) QAi
the ﬁkﬁﬁa During. tn@ Bighiteeabh ﬂmntuvy the ﬁimlla?ity I”Sgéﬂ

bebween Lﬂﬁ ﬁm@&m@&m ﬂ@il@ﬂ@ya J@ra’wgm iw @& Qﬂd Vﬁ?@%ﬁﬁm

albuw/



-album was mé%i&a&;'énﬁ'ﬂigélbwlo<givaa a full account of i¢s
Choteny and nnawm@mmlm@y.‘ He noted that the ﬁnﬂinnﬁ of New -
ngland had ! @mhtmm of . @l@@bin? their @amgﬁm by the ua@ of
the romta of E@gﬁi&gm virvkde. A, part;mn‘of ﬁh@~r@mt W
givan HO @gwh individual, anﬂ_tha énm who wepisted the smetic
affect the léngaﬁt wam}éo@giaereﬁ to be the strongest and

,therefore.worﬁhy of the chieftainshlp.

The @mﬁly Winabeanth @ﬁntuﬁy @rongbt a ﬁﬁﬁﬂi seant
advance in the study of uh@ Varatrun yrmni@m Wihh he iselatﬁor
of the purifi@ﬁ princlple V@ratrine by Pell@ti%? and bavemtoull

in 1819, ‘These workers phowed that it was possible to imoleti

this principle from Veratrum album, Verstrum viride and also

Trom the seeds of the Beuth dmericon plant Yeratrum sabadilla,

' ke

The w&aﬁy.@vail&hili@y of bhils ngw &fng lad bm a marked
’.1ngrea$a in th@ number of e rpurimﬁuta] gbudios on both an1ma1
én@ humans. The @hérmaeopa@@@& of London (1824) and |
Bdinbuepgh (l&lﬁ)Abmth contain tinctures of Veratrum alhum but
H@ﬁnﬁe in‘iﬁaﬂ in his supplement 4o the Pharmacopoeias then in
use, ra@ania@d the disadvantages of the pOWﬂQ?@ﬂ root and
regommended the. u,@ of the newly discovered alkaloid veratrine.

%ag@nﬁielg

in 1&37 gave the Tirsd full account of the action of
verasrine on experimental animals and he noted that it showed
geneval iLrritant effect on a large npumber of unrelated

piosues. s



tlasves.

The diseovery of veratrine led in 1898 %o the elimination
of "veratrun radix", leaving veratrine the only official
prepavation of Yeratrum. The physiclans of this ers

fragquently neted the menifold sciions which this drug exerted

on the organdom.

Porelra™ in his Meteria Modica (1855) cited cases in
which emesis was produced by application of Yeratrum
preparatione to the abdomen, end as suppositories, and noted

that by whichever meang it was introduced iﬁ%a'tn@ body 1t

produced symptoms of Lrevitation.

Many wild and unjustified claims weve made for the
therapentic values of veratrine during the Nineteenth century.

‘@urn%ulllg

in his nonograph published in l&ﬁa»élaimeﬁ tﬁ'han
Ceured patients suffering from a'wiﬁ@ variety éﬁ'@liniaai
conditions 1n@lﬁding hﬁﬂrt.di%aa&@g rheumatism, parvalysis,
ﬁrmp&y and gout by ﬁh&'aimplﬁ_éx$@?mal application of a
veratrine miﬁﬁmﬁﬂﬁg Tﬁ@&a claing, however, were refuvted by
~Uopland gquoted hy'&ullylg in niﬁ‘yranmlatimﬁ of Magendle,
ORa. @hbs

In the B.P., of 1867 Yeratrum album rhizome was replaced

by the closely allied Verstrum viride and the aifference

AR RS

petween/
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bebtween the two species was conslderved to be so slight, that
in the Unlted States Pharmacopoels of 1909 they were listed

uader one dsfinition,

Cutter (1662)15 seemed to be the first to resord that
extracts of Veratrum species were effective in lowering the
arterial blood pressure and produsing bradycardia, and he
 §ﬁvm¢at@ﬂ its vee as a cardisc and arterial gedative. The
ﬁ&iue of Verabrum in thﬁ‘ﬁﬁli@fAQQ puerperal sclampsia
became recognised soon afber Quﬁ%ﬁrqa publications, and
Hart ;mﬁaiaib (1888) mentioned the use of a tinature of
Véwaﬁ@&m viriﬁ@,fe?nthiﬁ=eaﬂdibzan.H The B,P, of 1098
exeluded . hﬂtﬂ Vawatrum ﬁp@@iﬁ& bm inﬂima@ﬂn%evaﬁriﬂe made
from Cevadilla, bub in ih@ B.P. of 1914 veratrine ané

preparatlions of V@fatwinm were also excluded.

Duriog the latbter half of the Nineteenth century chemisis
sueceeded in isolating a number of difterent alkalolds from
both species of Yerstruu. The B,P.0, of 1907 listed
protoveratrine, Jervine, pseudojervine and rubljervine as
ogourring in Vﬁwaﬁggm albﬁ@. A ér@at deal of @@ﬂfuaionﬁ
however, existed and many alkalolds were wepafﬁﬁa which wers

elther precursorg or breakdown productes of existing alkalolds,

Eﬁﬁn&? in 1892 desceribed the phermecologleal effecis of

protoveratring/



l.ié

p?mtoV@ratwinﬁ’but ﬁhamﬁ‘i$'ﬁ@nb?'aagt0 the purdiy of the
drug uged. ﬂéwwvwrp none of these alk&lmidgwara proved to
be in a pure state and much confusion arose during the early
half of this cenitury ag to the precise chemical and
pharmacological identitly of many of the ﬁéwﬁﬁll@ﬁ pUPE
alkaloids.  fven in ﬁh@'lga& editlon of ﬁgllmam*s Manual

A,

of Fh&rmamolugylg the pharmecological actions of Vervatrum . -

album and Veratrum yiride were stated to be due to the
pregenceol prmtav&rm%rim@'am@ all threa wewre described under
the heading Verabrum but it is naw‘kmmwm that pwetgveraﬁriﬁ@
only exists in &ignifiﬁan% amounts in ggggggg@'ggggg.

During theklaaﬁ two decades an ineressingly large‘
ﬁumb@r of alkalolds have been igolated in a pure state and
a number of pr@p&ﬁ&timnﬁ of both purified alkaloids and
biologically &téﬁd&ﬂdiﬁ@d extracts of both Veratrum album

and Veratrum viride sre commereially available,

The term "VYeratrum alkaloids" has been used by authors
a3 a generie name for a numbeyr of élkai@ia& occureing in
various specles of Veratrum, & genus of the family Liliacéggf
Various specles of Veratrum from which the alkaloids have

been isolated are listed in Table 1 papge 12.

The majority of the commereially extracted alkaloids are

obtained/



- dable &

Dotanlcal Sources eia,

of the Veratrum SHeries

of Dyuga.

Snecies. | Familv.
Veratrum album Liliaceae,
Linl’l@' —_— o
Vervatromn vivide

Alton.

Veratrum sabadilla Lillaceae

Adton.

Teratrum Cimbriatuom Gray.

Liliaceas.

Veratrum eschscholtzil
Gray., lilisceaa,

dypedenus venenosus
WatS. Liliaceae,

Voratrum nigrum

Liliacess,
Linne, '

Liliaceaes

‘Devil?

‘Schacht,.

Oiher Namen.

Whit@'méllabére.

YHellsborue albus®

Buropean Hellebore
Bneezewdrt, :

Green. Hellebore
Amcri@@m Hollebore,
Swamp Hellebore
indian Poke

Ltoh Weed

Poke root

Palge Hellebors

g Bite

Dick Ritter

. Barth Gall

Bugbane

Tickle Weed.

Sechoenocaulon

officinale

{(Bchachi) A.Gray
Agagrosa officinalis

Lindley. Splke=-
Flowered Asagrosa
Veratrum officinale
Helonios
officinalis Don.

Central &

Bouthern huwgg@.
Narth@rn Apia

& dapan.

Bagbern Uﬂi&@@
Btates of '

America,

Canada..

Mexico
Guatenmale
Yenosuela.

United States

of America.

Bnited States

of fHmerica.

United Stasten
of America.

Augtbria.



obtalned from Yeratrum albuom, . i@g@&gy@ viri ﬁg,an@\

Veratrum sabadilla. Veratrum album and Yeratrum viride

avre closely ralata& speeies. They arve herbaceous perennlials.
growing to a height of wp to Lour Teet, The plants heve

an upﬁight-whizeme and long narrow leaves, - The major
difference between these specles ia in the colour of the
fiewaﬁsg as thelr aasnes 3m@iy Veratrum album bas white flowers
and Yeratrum virvide greenish while ones. These two spscles

arve found in the temperate latitudes.

Verstyum pabedills 1ia a tropleal gpecies found in
Central America, It is a herb which grows to about five
faet in hgighﬁ9~having long thin leaves and grows from a
bulb and not a rawamm@. The fJQW@ra aﬁ@xyellﬁw and produce

dark brawa 868 d&,

A ldlarge number of alkalolds have been ghown to cceur

in Veratrum album and Verabrum vivide, these ave found in

largest guantities in the roots and rhisome. Only a small
number of alkaloids have been found in Yeratrun gabadllls and.

N R A NSRRI N LIRS

these are almost entirvely confined to the seeds.
The detailed chemistyy of all the Veratrun alkalolds
has not been fnlly @lu@ﬁd@taﬁ, Qver Torty alkaloiﬂ% have

been isolated ffam tha dtfxer@mt V%gg&gg; dﬂ@@i@% but gome
ot/



gy

tﬂ@m@ mww mn&aumm@ﬂly d@ﬁ”\@&blﬁﬂ pr@dnm@ﬁ d@wmve&.fﬁmm
the na&mr&liy ﬂ?ﬁwﬁﬂxﬂg a?kalmidv b&@miﬁ@llyp the alkalmlda ;

'3&11 aﬂb@ thﬂ&% waﬁ},l i 1@@ g?@ﬂp%g th@ ﬂlkanmﬁwag whﬁaﬁ

mav‘ba aew anﬂavg ox aawmiafv hﬂ%@ag ﬁh@ @staw alk&iaiﬂm aﬂﬁ ;ﬁ@

f‘mh@ glyﬁ@ai@% glg@lwi@ag ‘ﬁs_ .

Y B

mh@ @ﬂh@ﬁ ﬁ?kaza}dm ﬁan@im% @f b@whlary ﬁmmn@u @*“@fif&ﬁﬁ
: w&%ﬁ‘ammpla organia aﬁd@&@ Lhﬁy m&g %@ ﬁmﬂbaaaﬂ w;nh onay a‘l}gﬁ
*.tWﬂg three’ mr faur m@i@wmle mf avxa Lm gtva mmueg Ql tri ;5
or tetra ?uﬁ@ﬁ ”j W&w mmaa ama ﬁi @ﬁb@z A ‘a muvh L
'mheﬁu@v @uwatimm o mu&imm mn& 8- gm&u§er w nmlamb BeHLOL

mm@n hﬁ@ ﬂ@meiawﬁ@vAﬁah W& NG thﬂm Lh& awiiana %&%?% am%@r@
h&%‘tha KQ11 iﬁ~m1@06 %T@ﬁﬁ&@ﬁfp§@ﬂu@@6 hg @ﬁ&h type& l& |
.ap@r@&jmm aly th@ ﬂamaﬁ; ﬁww&m&& Qf aa;ﬁ iL is ihm %ﬁ& aﬁﬁ
vb@»xa @@t@rﬂ &ﬂ& pr@parau}@nw umuaﬁining'a h&gﬂ yrayaf& ﬁﬁ‘:
of these, g, ”V@m&laiﬂﬂﬁ Whig&,&rﬁ mainly\uﬁﬁﬁzin\“

therapeutics,

'ﬂWQ%mv@r@ﬁwin@ L may be taken as an7mmamp1@‘tw show th@‘“"'
,@@nmuiLijam af a; &yﬁiwal @vtar alkal@iﬁa‘ Tn@ m@1e@ﬁ1@ Ag

' ma@m ag of 8 mnl@cﬂmm of the. alkaming p%mtgﬁﬁrxn@ ﬁabarsfi@d

'»}w%tu une mal%wula gach of (w) mdwmathylwd@ hy@wawybubyw&@

@u%a and. ( } ahﬂmabhy bubyrim aelid am@ &wm mulamui@s of

1 G aniﬁ fg‘

T E&&, ig @m&a 16, &h@ @anméltut:@ﬁ of
vhe alkamiﬂ% @ﬁ@%@V@@An@ hdﬁ n@f y@b beasn’ @lvglmatéﬂ baﬁ

Bartons



Barton et @@&g&g gugegeated thal the sbructure may be alas&iyi
r@lated-té @hat'Whi&hath@yihaVE;pﬂgpaaed for sevine whieh
contains the unilgue ﬁg%wdlhydfaxyéﬁgékmmxiﬂa Bystemn.

Barton's suggesited formula for the alkamine cevine islahmwn

in Pig. 2. ..

The gecondary alkamines, g,g. veratvamine are combined
in the plani with one molecule of D{+)=glucese %o give the
glycoslidlce alkalolids. These alkalolide have little

nypotensive action and are not vaed therapeutically.
m&Mm&w@%mgmmaﬁgﬁaﬁmmé@&m%ﬁ

Present day medical opinion is somewhat divided as to
the value of prepavation of th@'V@r&trum alkaloids in clinical

practice.

Pure alkaleolds, .. protoveratrine and standardized
preparations of mixiuves of the alkaloids, e.g. Veriloid
have been used in the treatment of hypertension resulbing

_ : , o : Y e 2 65
Trom & aumber of different aetiologigal faeﬁmr%slg “e

Benign essentisl hypertension can be conireplled by
a number of more suitable agents and the use of the Veratrum
alkaloids in this condition is of limited value,

T ne treatment of cages of severe snd malignant

hypertension/



Protoverotrines A and B

Protoveratrinc A \

ATSI0l4.N

2 molecules of ocetic ocid
I molecule of C-)-«t-methyl butyric acid
1 molecule of (+)-«- methyl-«'Oxybutyric acid

h Protoverine

Protoveratrinc B CAlkamine)
c4l
2 molecules of acetic acid
I molecule of f-)-oc-methylbutyric acid
I molecule of (+>-oc-methyl-«-oxybutyric acid
Mg . 1.
OH OH
OH
OH
OH

OH
OH

Mg. 2.

Struotural formula of CoTlna,

rolatad to Protoverime.

am alkamlmi#



hyQGWbﬂm@imﬂ by . Lhﬁ Yeratrun mllﬁléid&aha& %@@ﬁ Wiﬁ@lyf
phudled. xh@.magﬁwi%y of veports indlcate that this drug -
is of definite elinical Vﬁl&@g«@%@@ﬁiﬁtly in vﬁﬁi@nﬁg wh&ﬁé
- the use @fagémglimn blocking drugs is @@ﬁ;rainﬁieatwﬂ»

On tha other hanﬁ Bome - anwqtlgabmw@ : - edalm %hab there.
is no significant difference betyeen bh@ results @htain@d

- by @f&l adminkotration of prepavations of V@ggﬁrgm andl g

A AW

- placebo.

SRR 28 ,
SBpuehler and Wyss  have reported excellend rvesulis

ﬁ@am Eh@ mrél aﬂmﬁhi%ﬁr&ﬁi@n of @rétmvaﬁmﬁmin@ in patients
ijh pevere nyy@ﬁt@nammn. | %h@ value of thw‘ﬁ@g@&yﬁm
lalmaamiﬂ% in ¢liniesl prastice has h@nm cwi%i&a?ly ?@Vieweé
;bynaa@hlew anﬂ.ﬁgwﬁag?g and xuwtham reforences mﬁy b@ 1auﬁ& |
a%m@“@a | | -

thhaugﬁ pﬁ@@mrm&i@nw of Yaratrum ore now varalv used
in @hm ur@mtmamﬁ of egssntial hyy&rﬁ@m@f@n mhay gtill find an f

'4¢my@wa&n& place in the therspy of boxaemias of pregnancy.

'Th@ %ewm toxaemia @ﬁ progononey is used LQ deseribe a
numb@ﬁ ax related pﬂth@t@gieai conditions which may oeceur
duving pr@gn&ﬂﬁy and. of Whish tha setliology is miﬁll @hscuygﬁi'
JQM@‘Gf'ﬁh@ﬁ@g for example w@w&iaka o engephalopathy and aaut@;

yellow atrophy appear 1o be a@fiaimmmy-dia@a$@S»bat the mmsﬁvl

Proquently/



ffﬁ@qu@nm¢y macurw&ng mﬁ ﬁﬂ@ %@%aumla@ 1m prweaimmp%La
'tmx@mmi‘ : ?ﬁGW&ﬁl&mﬁﬁi% 3@ iﬁvmw&ab}y &acmmpmgl@a by o
hyp&ﬁﬁwﬁ&iﬁm &u@ xr@gu@ﬁ&ly by prnﬁ%iﬂuria &mﬁ mﬁﬂ@ma, Gth&ﬁ
_@amm@mly wammww&mg mvnptmm% inmludm h@aﬁamnaﬁ pigﬁﬂtwie;
pain and visudl dlqtu@@anv@% uhﬁah &F@ Qdﬁﬁﬁidéﬁﬂ Wi bk tha

hyy@rt@n&ion mné wmnma an& ﬂﬁ#@n&mgmvtxgal ﬁp&@t 8, whﬁah"

tag@thﬁr uitb tn& pr@@e&ﬁvr&ﬁ &md @nﬁema awa aviaena@ @g a S

~fd¢a%u§n@d palt and Wﬂﬁ@? h@lﬁn@@. 1 ?ﬁw@a &mpﬁi% iﬁ

| umtr@mﬁ@ﬁ 1t raqa@ﬂtlg ﬁ@??l@@@ %mb@ @alampﬁia, a aangerau&

'la@mdlﬁimu whi@h is mh&rﬁ@tﬁvﬁﬁ@ﬂ hy wmnvwlaiana Whimb mﬁg‘ba

f@llmwmﬁ hg ﬁ@ma.

Thé’?ﬁ@@‘y’v'&ikalaidé 808 mniy of vélu@ in'ﬁhnfﬁr@aﬁmemt“j

mf tho pyaw@ﬂlampﬂiam@almmqua ﬁyﬁﬂrwm&, the tWo - phases of

T whimn are in faok ﬁ&f“@wen& ﬁu&gm& @f une sam@ ﬁiﬁ@ama.

”h@ p&%n@ﬁ ﬂ%&lﬁ of y%@waaiﬂmpﬁia ig mﬁill not ﬁully
unﬁ@ﬁ&ﬁm@ﬁg bub EAN ham 1@&& bmﬂn “Qbﬂﬁmiﬁﬁﬁ uh&% tha .
Tﬁamﬂ;tﬁﬁm im &cm@mp&a ed by a M¢ﬁﬁe& ﬁlﬁ@ in ﬁﬁ&@ria3 blaﬁﬁ

pv&ﬁauv@, an imaf@m$@ iﬁ ﬁl&ﬁﬁa?iﬁ pr@&&&r@ b@xuy ﬁf

-“@ﬁ?%l@uim? ﬁiﬁﬂifiﬁﬁm$@¢ Vutﬁmwiﬁ 4n 1862 ﬁh@w@a thmt bh@ p;?

"vwﬁuﬁ%jﬂﬂ i &@%@?@@1 ﬁimmﬂ wrﬁmwura £a110W¢ng the (
aﬂmimzatrmh%a& ﬁ?wﬂ pwagawmkgmn mf the ngﬁmmﬂm alkalaiﬁ%
;%9&3@?@& the thﬂ&%@ﬂﬁ?V& @ym@tama a&aaviat@@ wimh

pﬂewaal@@yﬁ¢a,/¢
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'_yw$MQ@l@mﬁ&i&¢'

*J Mizturwm @? tnw vﬁwjﬁﬁu% mlk&l&i@a wwrm usod thh va@v&ug
&@ywaﬁ Qf wumm@ms For. over, haiﬁ & @@mam?yg and madloeal
.@plmiém ag w@ ummir value was iniﬁ@& ag#ﬁ@ﬂJl‘ Eub the Gfﬁ@
plaa@ of the ﬁrmg m@w uh@ h“@&&m@ﬁﬁ oF @W@WQQldmyﬁjﬂ only
bw@ama awiuiaﬁlly a&%ﬁ %ahi% Wﬁth bhe ﬁﬁvﬁl&pﬁ@ﬁb of o

atanﬂmvﬁi%ﬁa and puﬁﬁfihé yy@yﬁwnt O

3&@@&&&“ haa ghowmn Lh&@ some_degree of a%m@x&liﬂﬁﬁ
'mramviwiaw ﬁﬁ@ﬁm erlsts in Pﬁtiﬁﬁtﬁ with praw@aiamy@ia @ﬁﬁ
racent wwrk has @am@nmtf@%mﬁ thau B mayhﬂﬁ da@v@aqe in uﬁariﬁa
3ﬁ 51§35%
in uamrgn@WmEWMﬂiaw %an@ @ aﬁﬂ~m ?@ﬁﬁ&@@ ﬁlaa@ntaj blood
3? 58

hlood flow mmen&@ wniah iﬁ ageonpanied by an iﬂb?&&&@

“1@Wﬁ§ : mew uwﬁk@fa have hoen. uaablm to &@m@nﬂtﬂqt@
any %aﬁua&i@n in bh@ blﬁmﬂ Flow to the mm@aiwq maﬁ the hragn
bt fﬁ?ﬁh@ﬁ}ﬁé&ﬁi%& arée n@@@adhhﬁfgw@-any aefinite conclusions

Cgan he @rmﬁg.-

Following the &ﬁminiﬁb?&ﬁ3$ﬂ nf phendapiised p?ﬂ@a?&@iﬁﬁﬂ

of vaa-g.mm wzn uﬁﬁg ,:} 3-%@.

EPGQQV@ratninﬁﬂl M? U5,

anﬂ af bﬁ@ pure: &lkalmﬁ&
ﬁﬁgaﬂfiwana r@@ugaﬁmnﬁ have hﬂen
- reported both ?m’maﬁaﬁﬁai and neonatal moréality, @od in the

ﬂgﬁ@ﬁiﬂﬁﬁﬁ mympa@ma of pro-eclampsia and eclampsia,

ﬁmwwx&hﬂf
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Tornt ﬁu

‘awéium Erom mha mvamatﬁimm hﬁﬁ ﬁhmwﬂ that a maﬁzm& Ansr aﬁﬁ
in effeabive uy@r&Mvalmgﬁ flow oceurred $ﬁi$@w&mg.%?aawmanh
with protoveratrine, Many of the wnboward and dangorous

- affaats upon ‘the f&@tﬁﬁ.@@iﬁﬁ y@ﬁm&$ £rom pr@ﬁaalampﬁig:
adm@i%ﬁ@mm‘&@@xﬂu@ te a ﬂ@@ﬁéﬁ&@zﬁm placental él@@d £low and
alt nougt no m%uﬁi@w aﬂ h@ @afﬁ@t of the ?@r@wggﬁ alkaloids
upon &hmﬁ hav@ bﬁmﬂ pﬁhli&h@ﬂ it is-likely tnat an increand
im myamﬁﬁ%&ﬂl h&mmﬁ ?i@w in ﬁmﬁﬁlaﬁLﬁﬂ by an inoy@am% in

yluﬁﬁﬂﬁ&& biamd fl@w.-

Tﬁ99im@nﬁ wl%@ he ﬁﬁgwﬁﬁmﬁuﬁlkﬁlﬁiﬁﬁ p%amptly conbrols
©wany of Lm@ aym@umma a&@@miﬁtaﬁ wi th pre-aelonpsia and i@,
ﬁh@v@fmﬁag ﬁﬁam@-@ﬂsﬁgwﬁﬁ'thaﬁ taﬁﬁﬁ acondltions may be due

o @?ﬁﬁwi%} vam@m@m%téi@ﬁi@m.am& that the relief affordsd by

the Yuﬁ@%wum qz&almzﬁa %m ﬁm@ to thelr generalised hypotensive

PR RO

b5

am%imm. | v&nsmauw& L3k @aati@am%@ ma& suggested that the
i&ahaﬁm;& w: thm @1&@@&& Q@&ﬂﬁ?ﬁﬁﬁ am pr@waaiampsxa glves
wiﬂa o the @@ﬂmatimn mf V&&a@ﬂ&ﬁhﬁi@%m@ substancss, %imilaw

tm bh@@m @maﬁuemﬁ iﬁ the ﬁmﬁha@mia Eiﬁm@y and these in %u?m

' wJ mm&m&wing &ha E&Lu ol ﬂl&ﬁ?ﬁﬂﬁ@ a? ynﬂimmaﬁlva

“gawm “imn o, iaeh&@mi& a? aho bwains klﬁnmy%ﬁ Gigaaﬁgva @vganﬁ

mmﬁ z&ﬁ.nag in aﬁd@%i&n:ta;maua&ﬂ@:hypmwﬁanﬁimm by o divect
aebion. up@m th@ mﬁtmvimimm. fHe postulabed that the sympioms

mmnnimm@@/



mentioned earlier as being characteristic of pre-sclampsia

may be due to imchoomin produced Lo these oygans by this
hypothetical vaﬁaa@mwﬁriaﬁa?‘mﬁbsﬁan@e. The Veratrum
alkaloids may wﬁllave the sympioms by a dual m@ﬁh&ﬂiﬁmy the »
redaction of tne yrxmﬂry wteringe lsehaoemia with a cmfreagen&;ng
raduction in the producition of va&mwmna%v&aﬁaw substance and -
a vapodilatation of ﬁﬁﬁ arterioles of the affected organs.

L6

A'&&@ﬁnﬁ hypothesis is that ﬁh@lhyp@wt&naimn goourring in
pw@»@alqmpaia is the r@ﬁul% of a distuﬁhed aa&ﬁ and water
balameag possibly hormonal Ln ariginv. The plaaamta of
p?@w&@l&m@ﬁia patients has beon shown to conisln an
amﬁiﬂiuw&tia aﬁb&ﬁam&é whiah~@®muma o o mueh legger extent
in nmwm&i.pmtiénﬁag and this gubstence may be the cause of |

- the aaltmﬁﬁ%af imﬁaiamé@. ﬁf thiﬁ ia the @aa& »hﬁ Veratrun
alkaloids will @nLy &iva agmpﬁamatxm roliel,

It may be @@lemﬁﬁﬁ that tk@ﬁ@@ﬁ@fiﬂial effects of -
Vaga&wqm alkalaia“ih@raﬁy;in the ﬁr@aﬁmemt of pre-sclampsia
andl eclempsia iz due entirely to the reflex lowering of blood
pressure which ﬁh@y iaﬁna@ and -not to eny dirveet sffect upon

the Qrgans or ti&ﬁﬁ@a"in#mlv&ﬁf

General P avmggal&ﬁgmgmmﬁn@ V@ﬂarrqn Alkaloids
A detalled rﬁV&@W of mh@ ph&rm&@mla&y of the Y ratrum

alkalolds would be mu% of glaee in this thesis, bul because

it/



% iﬁ mﬁw»ﬂém@'%w&lwa yoars ﬁiﬁm@fﬁh@'%ﬁ&ﬁ@@%‘waa'1@%%"
@xtﬁmﬁivmiv vaviawed ii U&ﬁ fa % hat 8 ghord &@@Quﬁ& of.

'pﬁeﬁam% ﬁag viewm wag n@ﬁ@ﬁmaﬂy‘q

1m 13&6 ﬁwag&w am& ﬁﬂﬁ@ﬁﬁﬁﬁg publimh@a an ﬁxhau&tiV@ aaﬁ

avitﬁﬁal w&vi@w ol tﬁ@ pﬁ&ym@aalﬁﬁy of thﬁ,V;(*t;w% alkalaiﬁa.'

e wwwk Bupsraedod pﬁavmmuﬁ w@viewaQLF 52 wh¢eh h&ﬁ d@ait
wl%h bhla mmhﬁ@mﬁ Lo @ vnrvamg ﬂﬁt&ﬁua iuﬂ@ 19&6 Lh@ |
:pwm%@nb %&ﬂt@ of Eﬂﬁwlﬁﬁg@ of %nm mvbéamt hag bﬁmn ﬁumwarﬁa@ﬁ
in twd w&vﬁaw&ﬁj 5l and in a Db af ha@ Mowe ﬂﬂtﬁil@@ -

' umﬁkﬁ tﬁ rmf@wanag 19,55 to 47

?h@ phaﬁmaaal&gi@&l aéﬁi@ﬁ mf the Yeratrun alkmloi&ﬁ i
%ﬂ@w&mﬁﬂtiﬁ'&@ﬁﬁﬁxiﬁ~mﬁiﬁiy vp@nfﬁﬁévéavﬁimv&éaﬁ Lar sysbem, :
the v@mviwﬁ%mwy wyﬁﬁ@m ond %ﬂ@ ﬁ@ntrai RQWVQW$ ﬁyatﬁm. Zn
doses @h@?@ n@ﬁayaatim l@valﬁ tha alk&tmi&& act upon nEerve

'?ibﬁmﬁ and @kwl@ka& and @m@ath.maaﬁﬁak

The ﬂ@ﬂﬁnﬁ%?g amines an@ thelr- glya@&iﬂaa baw& ma ,
hyymtwmaxva aaﬁimm mng nava as. y@ﬁ fm&mﬁ o alinical nae. _
| mﬂﬁy 8 @h&f&ﬁ%@?ﬁ%&d by an effeat upon the haaw& which ig
ahown, @y VOry £@w @ﬁhﬁ? ﬁrmga, 5 Phese alkalolds qyg ﬁ&u@h?a
of ”ﬂﬁ&gﬁﬂiﬁiﬂg $he @ﬂfﬂiﬁﬁ@ﬁﬁl@ﬁ&%&? action of both | |
aynpathoninetis gm@n@a_mgé.ﬁﬁ.@ympgﬁha biG newve stimulation,
This effeet is Fhought to e a ﬁigﬂ&y»aﬁkﬁ@tivw‘agtieﬁ¥ﬁpmn

thes
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the pﬁmémak@v of the heart aﬂ& i m@t shown by the aﬂrenargi@
: mle@ﬁimg ag%mﬂ%4 The majority of the work in this

paﬁhl@m£&ﬁ £igld has been done ﬁy’ﬁray@r and his wawﬁarkera
and he has used the term ”aatﬂaﬁaﬁlayat@m &gmnb%" Por &Fmgaf‘
exhibiting thiﬁ pa@tieu%ar p&mrmaaujﬂﬁi@ﬁl @rwﬂﬁrty¢_ “hme

BE
asuthor hag ﬁcm@atSy reviawaﬁ uhim subjeet.

The t@rtia$y amimaﬁ‘amﬁ their esters are vesponsible Tow
the therspeubic value and the typleal phawmacological aetions
of the verious préy&ﬁakian& phtained from the Aifferent j
Vepatrum specied,

Ihe alké@in&a,eﬁ}ﬁh@ oEter alﬁaimi&$'a11 ghmw glosely
related chemlcal afﬁaa%ﬁﬁﬁm and although qﬁaliﬁativ@:and some
minor guantitative Aiffevénces have been shewn to ooour
bmtw&en the aifﬁ@@ent astive alkel@i&a?é these differencey
| are of & mlnmf nature gompared to the similarities @xhibitaﬁ
by thom, Thepe differences are posaibly due to thﬁ'ﬁiffaﬁﬁﬂﬁ
acild mate@iaﬁ and may be the resnli ef diffevences in tn@

pevatraﬁi@n of the drug to ﬂiﬂ?@r@nt regeptor sibsag.

Much. of ﬁ&e.@mﬁliaw puabliahed work on the phmﬁmaeolagy-
of the Veratrum alkaloids was carried oubt using impure
mixﬁ&ré& of alkalolds and many pf the results are contradictory
Mostk of the wmfkﬁiﬁlthi& tneaiégwaéiaéérieﬂ'amt:Qﬁing aithar'av

mixturvs/



mixture of protoveratrines & ané B in the proportieon of 231 -
and was deslgnated protoveratrine, or with pure erystalline
protoveratrine A,  The pharmacologlcsl differences between
these twe forms ave very small and is quantitative rather than

9

5 ﬂ ~ : :
gualitative,””  The phammacology of protoveratrine mey be

taken as being typical of that of the obher seter alkaloids,

The most marked ﬁharmam@lmgi@al sffect fwllawing the
é&ﬁiﬁiatr@tian ox th@wép&uﬁi@'démaé.mf protoveratirine is @
rapid fall in apterial blam@.pﬁaﬁmur%‘&ammmganie& by
bradycardio. Thié has been éi@aﬁly d@m@ﬁﬂtraﬁed to oceur in

20,21,26,60,61,62 amgméﬁ to 66 67 to 69

50,59

man, Rty and other

laboratory enimels. Quantitative differences exist
Ah@tW@enﬁth@ﬁ@ ﬁyeaieagﬁg rodentsbeing mueh ﬁa?@ vosistent
4$@vtha hypotensive effeet than ave man, dog or cat,
Protoveratrine produces a fall in blood pressure which lasts
"fww up to two hours. This contragts wiith some of the other
Veratrum alkaloids, g.g. veratrine which produces a much mere

branglent effegt.

The bradycardie which sceompanies the hypotension ie due
to iﬁﬂﬁ@mﬁéﬁ vagal‘aaﬁiviﬁy ané.may‘h@ abolished by atr@pinag
vagal seotion?®99567 on gsoling or tue vagi to 4° ¢, 58 The
bradycardia may pbﬁ@mﬁiat&'th@ fall iﬁ'biﬁmﬁ‘pﬁsﬁﬂﬁﬁﬁ but this
@ffeat is not always sbown and pleys Littls part in the

produetions
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yf@ﬁmﬁﬁ&an of ﬁmﬁ.hyym@@ﬁ&%W@ wmﬁmmﬁ%@*

Frobovoratrine has no miw@@% ‘poripheral vasoallotor ‘
aotion nodihei mm=ﬁ 1% &ﬁvw mmy mgm@m@ﬁﬁmm&Jblﬁ Yo &ﬁﬁﬁl&@ﬂi%
- Blosking mﬁﬁimﬁﬁq but dn &igh@w dason it may enuse

vasoconatrichion.

Part of the £all in hlamﬁ‘@ﬁam&mwa in wndoubiedly due o
the elieitetion of Hhe ﬂ@mm?iwﬁaéﬁaﬁﬁ POP Lo, 594 929§g 269 '?hi&
vellew was Dirst demonstratod by Bezspld mn&'ﬂﬁw%? in 1&&7, |
bk a&ﬂﬁr ﬁﬂﬁﬁimfﬁ waprs published in an obscurs Jourensl snd
Lhe w@wgly of thelr work 434 not reowive any abtention until
3&?&@&&fl ?@Wﬁi%ﬂw?%ﬁﬁﬁ this effact, lmiﬁgmﬁiﬁm of thig
raflog rosults iﬁ y@y&@h@E&L Wa&&ﬁilmﬁ&timh:ﬁmﬁtbr@ﬁgaarﬁim
aecompaniod by P&%H&%&%@ﬁy aeprosaion. The afﬁaw&nﬁ y&aﬁptéra
@f what i now konown a& the Bezeld-~Jarigeh refloxn have %eﬂn
ghown LH oxist iu &h@ hoart and E%ﬂﬁﬁ»>,@&ﬁﬁﬂ&a‘ﬂ&ﬁ
demongteated tﬁﬁﬁrtmﬁ mejor recepbor aren i@’iﬁ the region
of the left mm%ana@y’wrﬁﬁwﬁa& had, rogepbovd also ooauy in
the lungs, stlmulation mz which producos %h@ Phﬁﬂﬁﬂt&ﬁﬁﬁ%l@

D0,5%, &ﬂ
ﬁiﬁ@%?ﬁ oL ﬁwa%mimﬂﬁy %ﬁﬁﬁ@& amﬁ W&&ﬁiﬂ&b&ﬁy ﬁ@ﬁf@ﬁ@ L e,

The afferent Fibroes f&ﬁ‘%h@ Beroldsdarisoh vellox ore
found dn bthe vagl and vegoel mq@timm provents the ﬁ@?ﬁiﬂﬁmﬁﬁﬁ
of the relflew, but even &fnﬁﬂ vagotony adwiniptration of

provoverabeine
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3 - r - 2 5{:;
protoveratrine, may still produce a fall in blood pressure,
mechanlsms other than the Berold-Jdarisch raflex are therelore
lnvolved. These mechanlsms have besen studied by a
number of different workers using differvent alkaloldal
preparations. This hypotensive response to the Veratrum
alkaloids in vagotomised anlmals has been varlously attributed

72 to 77

to depression of the central vasomotor cenitre, t0o
stimulation of the baroreceptors sltuated in the reglon of

» 50,59,63,66,67,75,78 to 82
the carotbtid bifurcation, the so-called carotid sinus, to

81,83

stimulation of the gfaoa@ ganglion or the chemoreceptors
f

of the carotid body. See Mg, 3. p. 27.

These different suggestions are probably related to the
use of differing preparations of the Verastrum alkaloids,
different experimental animals used snd alse diflferences in
the anaesthetic agents @mpléy@@.. in anégtt@mpt to
raticnalise these findings Wang et _slia . carvied out a large
series of experimsnts on both cals end dogs using purified
alkaloids of ithe Veratrum species. They concluded that in
vagotomisad animals the ester alkalolds, g.g. protoveratrins
producs thelr actlon by ceusing an increase in the rate of
Piring of thne carotld sinus barorecepitors. They esould finﬂ
no evidence tc¢ support any participation by the carotid bhody
or nodose ganglion in the producticn of this hypotensive
reagponse., No deprsasion of the vasomotor centre could be
demonptrated with the egter alkaloids but veratyine and

veratrldine/
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veratriding ﬁ@praﬁaéﬁ Ity huﬁﬁﬁhia effeet only played a

minor rele in the hypotensive response,

The hypetension Tollowing th@ administration of
pweamvmrat?imﬁ is @yababTy the. &gﬁuiﬁ of & ag%u#ﬁl
inhibltion of the sympatheli¢ nervous my@bamf‘\aa the

hygab&nﬁiva response Lo @vmtov@ratrine ig not observed in 63
dogs which th@ be@ntr@atgd with 2 gan%l¢@@ blocking agent -
or a sympathicolytie ﬁrug% : @Lhar wmrkﬁwébg have suggasted.
that the PO LoR hypotensive aati@m,Q£ @ﬁétaveratrine 15 duo

to actlive n@uwagenia dilatation.

’ The more P&@@ﬁm ﬂriﬁical work queﬁm& above, makes 1t
guite elﬁar uﬁa% the Yeratrun alhalaiﬁ% used in thepapeutics
For the ﬁ@&u@ﬁi@n of &rte?ﬁ&l %&ama pf@a&uwﬁ produce
hyﬁataﬁﬁi@m by a refllex prm@@&@ whimm L inltma@aﬁ at
a@n@mry wwa@puarﬁ proasent in the vaaau&aw bad which seem %o

be primavily‘bdf@@wgaphﬁvﬁ.

in addition to bthe reduction in arterial blood prespure’
*Whiéh Lfollows. the adwinistration of protoveratrine @%Eéﬁ
pharmaaalmgi&a;@eggﬁats hava Been observed. EE?aﬁmvaratriRé
has been shown to have a direct cardlotonic action
upon Lh@ faiiing heart., This effect is similaw t@~that of
Megltalls and this pavatiejlsm is not unexpected because
otk the cardiac giya@msaaa and ithe V@yﬁtww&‘&iyﬁlﬂldﬁ

hmve/
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have basic sberoid struchures, Therapentically effective
dosen of the Vergirum alkaloids occasionally give vime o
eardiac irregularities similar to %hose seen duving Dipitalls

, 55 :
thorapy.

The wéflm% vaﬁwﬂii&%ﬁ%i@n'éﬁﬂéu®aé;%y protoveratriag may
be sufficient to affeot renal and cerebral funetioning.
@h@g@zwﬁfawta may be m&ﬁ&ﬁa%ﬁa&'aﬁkéiiguwia i¥ he
glomevular £iltration rate falls oo low @s a vesult of the
wﬁdge@ﬁ prepsure in bthe rapal arbery. LT the cerebral blé@&-

flow ia decrsased fainting nay ogouw,

Bffeatn upanrwﬁﬁpiwati@ﬁ are rarely seon with |
"tn@wm@@umi@'ﬁmsag"@f protoveratring. There m@y‘bé some
pefler inhibitlion of vespiration due 4o %ha‘&timnlaﬁiﬂh'af
‘afferent vag@& rocoptors dn the lungs in. a @imi&ar manner o
%hé atimulmti?ﬁ:@ﬂ affovent wecoptors in the h@@%ﬁ and

- warotld &iﬂuafﬁ Toxle dopes oxerb o divect deprossent offeet

| s -
upen the vasowebor Genbre, “

The groatest @b%ﬁmﬁia ﬁ@:?h@ layge seale éliﬁiaal ﬁ@@ of
| the Yeratrum @&h&i@i@@f&ﬂ ﬁn@ treatment of hypewriension in
Cman ig thelx mﬂﬁk@& tendeney to induce nausea and. vomitling,
This effect occurs in dogs and i% hag @@@ﬂ'&hQWﬂQ:;tm»k@ due
to the é%imuiati@m of afferant ?ﬁaeﬁtﬁré ﬁiﬁ@ét@@ within the

nodones
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nodone ganglion.
Yhe effeets of p@mtﬂ@&rﬁﬁrin@ and obher E@vggﬁﬂm
mﬁkm&mi&w vp@m iaolated n@fv@ and musele Lo ﬁwain with in

ﬂth@ later pages of this thopls,

QQ@‘ﬁfg@gﬁ,ggfﬁﬁr&tﬁum.A;galmiﬁamﬁgiﬁgnﬁg  Leee tory.

Wh@ dooe Qf ymwi i@&‘?@m@$rum almalﬁi&& m&aﬁ@@ to ygmauae
a hypmtamgi?@ re&gmnﬁ@ im man, anﬂ @Kp@rlm@nsal animaia in
Awamarxably_imwgaﬁﬂ’a~$@ta¢‘@w%a of 10 ugfim a 70 kg, man is
fr@éu&ntly %ufﬂ&@iémt %& @1iéi% 3 ﬁﬁ?k@@ fall in ﬁhé level

ﬁﬂ the blood PLEBENTYS,

Phere fe mm ﬁVidﬁﬂ@@ 76} jn@i&nt@ aﬁat in %h@”ﬁp@ﬁii@ﬂ’ly'

f maaive ﬁﬂﬁ@ﬁ the arug h&m ) ﬂiwaﬁﬁ &mti@m upoen vascular
émm@th musele, efferent nevye fibres or the central nervous
syaten anﬁ all ﬁ%@@?i%ﬁﬁﬁ&& gvidence paimtﬁ %0 the dfug
aeting np@m 9§ @rﬁni %@nmméy_%$@$ptayﬁfﬁ in all veriebrates
ﬂmma in many &nﬁ@rtahfa&ma th@w@ SRR fﬁﬁnﬁ a mmmbar af
&Affﬁ?@mb types of pensovy regeptors am@&bie af Tﬁ&p@nding
to m@@hani@dl ahamgaﬁg Qo fin g@fﬂﬁm&tiﬁﬁ @hangga dué to .
vawiqtiam in pwwﬂ&awog @kemiaﬁi aaangﬁﬁp u@mp@vatmfa ahangeag

@h&ngaw in th@ imﬁwmmity ax the Jlaht faliimq upon a

ra@@pt@r ang ﬁ@ gaiaﬁ

fhe @&a@t n&hvw mﬁ “$he m@aham$ﬁm by mhica Lh@&@ changes
ara @etaw&&ﬁ by ﬁ@nam@v @aa@@tmﬂﬁ g sbildl unknaun but
thewe/
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59, CG,@@ B0 98-
h@ﬁ‘h@en Qemmnstrﬁﬂ@& fmw he earetld shaus reglon,.

| 71,98 to 100 . 95,101,
Q&?mtiﬁ'ﬁﬂﬁy$ N vmgbt a%Wimﬁ _ pﬂﬁmwnﬂﬁy giratoh

890, @laﬁgg'l@r’ s a5 :
wmaﬁpt@rﬁg b Land gﬁ&mfif gtrateh y@a@n@mvas and it is

-wmaﬁﬁmi@ that &f?nzam@ 1mﬂmlﬁ@ﬁ frﬁm Lh@d@ w@ginua m@y %@
w@ﬁy@amtmﬁﬂ ﬁmr'a small. payy of Eh@ Waflb&ly iad&aad

&

"hyﬁatan%ive PESPONEE to the &ikﬂiﬁ&ﬁ;v

'Tﬁ&m@ P&%@@%ﬁ?ﬂ ape erelied phyaia?egi@ally by m@ahaniual
d@f@ﬁm&biqﬁ‘mf»&h@ mﬁnm@wy narve ending @f@dﬂﬁﬁﬁ by a @haag@
in pwﬁgmuw&*. A panbey of ﬁhﬁr zi mwﬁtmnva@ imﬁiu@ing ﬁh@
Vergtyrun ﬂl@ﬁlm%ﬂ@ oan ub?mu&&u& Lﬁ@ﬂ@ wm%@yﬁova &nﬁ.ﬁa&aa |
ana Gmmwwﬁg( have used. the Ly &hﬁmmﬁaaﬁm G5 #ﬂ@l@ﬁ?& 0
i ﬂfffﬁfémtiatﬁ %bi& bype mwgm the ﬁh@mﬁﬁ&fl@% wuich ﬁﬁ n@rmaily'
indtiated bJ @Etﬁvatimmﬁ in tM& ﬂhﬁmiﬂml’ﬁmmynajbman of the "

“ ':.d»z»} toing Fludd.

?ha pwﬁhitmw af @iyembiy bnﬁyzng £l Ghmﬂ?ﬁ - oseurring
at AENHOTY nmrwa endings &L bﬁr bl ma ctimulation ave vepy
»@ﬂaaﬁ=gm& #% the tim@ mﬁ,ww&%ing:thﬁ@uthggiw the majority
of thé'@ﬂh%@ﬁh@ﬁ;Wﬁrk refors to detallsd studles made upen
zrmiékivaig simple. *aa@p%GW%g‘ﬁ}ﬁﬁﬁh@ mipele spindle of the
ffvog Ahe .t%ﬁbﬁh r&ebpﬁgﬁy mf th@ @P”y?&%ﬂ and. the Fﬂﬂlﬁiaﬁ
‘hﬁﬂwpﬁﬁﬁlﬁﬁ &nﬁ bh@rnal wﬁﬁ&mbarﬁ af “the m&&?g Xndlwu@t
‘wﬁﬁudi@a of t@@ eff&@u% ﬁf mtimﬁlahim& ﬁ@ﬁ%&%ﬁ RETVE deiﬁﬁﬁ

ha?m been m&ﬁ@ hy r@ﬁarﬂimg %ﬁﬁ &l@@@fﬁ&ai 1mpulses in. aiagim

nerve/
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nerve fibres in the aflerent mnerves but this method can only
give limited information of thé chenges taking place at the

gengory receptor.

?nﬁ E@Eﬁ&gﬁﬁ alkaloids have been shown to have é nunber
90 to 92

of different eflTects upon sensery receptors, Falntal - ,
hag shown that the receptors may be fi?&f'ﬁtimulaﬁ@é by
these alkeloids which subsequently desensitize them to é‘
gbimulus which was previously auﬁfimianﬁly strong to excité'f
them, This author ewmi@ find no evidence to indicate
thet in vigceral stretch é@@@pﬁmrﬂ the alkaloids lowered
the threshold of exeltation to the normal stimulus, .g.
sensivized the receptor, an action whalch has been demonstirated.

. 93,102, 103,
for a numbser of volﬁtil& anaesthetics. | .

' 100 o
dJarisch and Zotterman however, have demonstrated that

the streteh receptors of frog muﬁe%a wére sengitized by
- 228 N

5

the baroreceptors

veratrine, They have also shown that -
of the carotid sinus were sensitized by the intracarotid
dinjegtion of varatrihﬁgftb‘th@mhéfmﬁl'yhyﬁialbgiaal stimulus

and to injected potassium chloride, These fiﬂﬁingg‘have
75
glla.

QLesty

besn confirmed by Aviado et

9, 100 21,92

Degplte the work of Zottermann gt alla, Palntal

]

is of the opinion that sensitization of resceptors in the

cardiac/
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cardiac region plays no part in the initiation of the

Bezold~Jarisch reflex.

The smoobh increase in the discharge frequency of the
affér@nt narvg‘ﬂhieh'ﬁaommpani@ﬁ the m@@haﬁisal dﬁformaﬁi@@
of a regeptor area duwing stinulation by tha Vératrum
alkaloids indleatem that the alkalolds act upon tho nerve
ending rather then upon the nerve fibra 1La@lf?J* The
Vegaurum dllaloida may aat by either depolarizing the . -

A 10k - 105
v@a@pﬁmr qna @nnanaing th@ 10@&1 rec@pbmw or generator
p@tantiai er by anhancinp tho mopativa aftapratantial of~
the recoptor.  As h&% be@n shown -Laterr both of these
me@han&wms may ba axp&aiﬂad o the bas;a of an a]tewatlen

in the ionic paﬁmewbillty of - the eell membrane‘

Alterations in the ionic. composition of tho milieuw of
the seunsory n@rve aading% haa been shown to have a mavked

offect upon the activity of afferent nerves, . This is
LS s
especially noticeable for the Ga , excess Ga  has been

shown to reduce op abolimhttha aativity in various alferent

nerves fal1awimg the stimulant effect of the ngatrum
93,94,99,100,101
alkaloids, qné to aanvcrt the abnormal responme to normal.

-

Potassium nblmrxa@ has been ﬁhown to navo 8. abimulant
3 90,94,100,106
effect uvpon a number of sensory nerve endiugu, but the

evidence/
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evidence Tor a a1ﬁ@at relationship between the effect of

E* anﬂ-ﬁh@»Veraggg& alkeloids upon sensory recepltors is

seanty,  Similerly no studies nave been published relating
alterations in receptor activiity under the influence of ;
the Veratrum alkaloids with chenges in the eoncentration of .
Na.. Further studies in this fi@lﬁ may ﬁiva a clearer
in&igh%uéufgath@ ra?atianﬁhip hetweeén iong anﬁ the &lkﬁlelda a&

Straub - hq& ﬁ@mmnﬂtrata& a al@aa aarralatian batwaan
’3"

Na fluxes and tn@ eharaa%@rl%tt& a@timn of the Vgratrum
alkalmia& On. Rerve., @r&ya? hﬁ% ﬂugg@st@ﬂ that ﬁa% plays -
moat imp@wL&mt par& in’ tha gam@ratlan of the receptor |
p@temtiai and it may be thab the wﬂgﬂﬁﬁﬁm alkaloids affect
gensory receptors in & similar m&nner to that shown by
Qtféublll o to take, plac@ in ﬁerva fibﬁﬁa and reviewed

later in %hi% ahap%&wg

The g 5@@ ﬁggiva& fgg‘ @wggﬁrggﬂg§$m%ggigﬁagﬁtu&¢@s

An extensive literature exists releling to the
al@ct?mphy&idiégiaél @ffeqﬁé of VGwa%riﬁ@ on nerve and
musele, and @ﬁi& wmfﬁ whieh glves an inslght into ihe
possible mochanism of action of thﬁ_X@gﬁ&Q@@\QlKQlOEQSM

will be considered im detail. s

Ags the eerlier studlen on the effects of the Veratrum .
alkaloids/
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alkaloide on the electrical réapansea.éf nerve and muscle
ware made using veratnineg the term vera%rinie‘fesponse
has been wid@ly appchﬂ ualﬂover thc varﬁuuﬁ changes in

the eleetr%cql activity whaoh meeuw Following treatment
with amy of th@_acﬁlve ggggggg& alkalomasg in parei@ular
“to veraitrine, Tois regponse i éhaﬁ&ct@riaed by the
production of g series Q£'wépetitlve resDonges following

8 single timuluﬁg ﬁnd:th@ responses in both neﬁve and
musegle show marked s 1maiaratL@5, The a?facwa of v?ratrlng
on nerve and muscle were flrﬁb ﬁe%cribod by Pr@v63u>§g
in 1866 but a ROre @ompr&neusmve ageount weas given in the

S0
following year by Bezold mnd ﬂiﬁua

The Lypical myogram of & waakly vepatfvni&wa fog
musele to a brief @1@etwiaai,stimulu$ ig a normal. twitch
amntwqctian foEiowed by partial velaxationg this isﬂin turn
followed by a slower ﬂ@éandafy rise and f£all.,  With
larger doses the indtial ﬁ@lagablon is abolished and the
curve prosents a smoollh rigse and may reach a helght Taygef:

ghan the inlmial Lwl&ch. ‘ Afﬁer a @onﬁiﬁerablg time the

myog am ovcubu&11y fallw aloWLy H0 the bage lines This

response was Oﬁiginﬁlly Lhought t0 be a aunuractuco but
110

Ruffler .&ing single flbre ﬁfﬁ@&?&hLOﬂ af frmg

ﬁﬂﬁb@f?uq musgle ahQWha what ubo espon&o N&m tcban c in

natur@@/



m%’. tUPe, .

V@ﬁmhrimia v»&paﬂﬁéa ﬁimilnw ta Lh@ﬁ@ Gbudlnﬁﬂ for

ﬁpcg muﬁaiﬁ have ‘been mhﬁaim@dy us&n& a wi&a Vx?ztty of

ST 112 B0 14
vertebpate @uﬁi&&ﬁd MeBCLES © and also, in
1185 to 117 :
vertebra&év ammath m&am&@* S Vﬂmgﬁ?@@iﬁ&timn of

the h@&ﬂb GABBER a prolongation of systole and this hag
bu@ﬂ taken aﬁ mvla@na@ of a aimitav e ﬂﬁmﬁﬁﬂ %o that.

5 -

ﬁhQWﬂ;Lﬂyﬂ @1@»&1 mm&ale,

VQ?aﬁyjnwg in o highav aanaeaapdu1an th&a ma mem@ﬂaary

50 a?iei&ggij"ﬁ%ﬁive f@@p@mﬁ@a in miseles, ‘Gan. 1@@@ to the . 7

6ava$@pm@nb mf rop@ii% ive g@ﬁp%§geﬁ ) narvea ﬁ%lmul&b@ﬂ
by & single b@iaf ﬁ@&mﬁima.iﬁ .”w ‘ Whe munw@ntvatimus |
r&qmif@a bo pf@@ﬁﬁ% fep@titlve fﬁﬁpaﬂﬁﬁﬁ in mu&&lm an@
uerve Libros - mr@ nigher than Lﬁ@ h*@mﬁ A&v&lm ”GQGRQ@ 1&
Lharwgou%iaﬁs bua bhe REYVE @ﬂ&&nﬁﬁ in bot h“aﬁf@yanﬁﬂanﬁ'

~@ff@ﬁ@n§ u@ﬂvanﬁ pyebens are Fﬁawn ta he mwwh MOTE ﬁ@ﬁait1Vﬁ

ﬁtajhnc zmuxoﬁ of drugs than either the NOPVED 0P musaler

th@mﬂalvemg and it seems likely ithat the vﬁvatrum ﬂlkal@i@a

GRS IALTR AL MWM

in th@r@@@mtic @an@@nﬁvatian Aot at BEAHBOYY nerve @nﬁﬁnga.

Rﬂ@mvazawg of the @&@@mri@ l &atﬁvity @f nerves’ ané
museles. Lw@am@é with vwraﬁriﬁ@ &h@w & maiked %mmiidfityg h
and in mu@elﬁg'pzrnliaﬁ ibe m&ahaﬂi¢a3 nhaﬂg ﬁhﬁﬁﬁ_lﬂ tﬁe;ﬂn”

wyogram/ : R "



YO g ra,

“he Veratrum alkeloids have a si mi1 ar eﬂﬁpﬁt on the
electrical changes Qecurlag foilowlné utimvidiiOQ in hwih
‘herve and muscle, and the diffsr@ngas bhetween Lhe HWO.

kb »Q
syatems appear to be guantitive rather chwm qua¢jbablvcu '

Although wark Qn‘the eff@@ts of the X@ggﬁgg@‘alkaloiﬂﬁi
on mechanical prééemaem'haa beea conlined tmfmusale
because of the teshnical factors invélv@ﬁg_ﬁh@ majorlty
of the bi@eieet@ical studies have been made using nervous
tigsue either as nerve buﬁ@lca; or moere recently, as

128
single £lbre preparations.

Geneﬁntmmtiéns of Veratrum alkeloids which are
sufficlent to lead to the development of ithe veratrinic
regponse in ﬂ@fVG “and muﬁcle waa ab one Lxm& thought to

110,136 ‘
have no @lTOPt on the vo@b nﬁ pﬁ@@nti&l although one
group of wgiferg repovbad a rise in the resting potential
cat mu@@la; L Mbre veﬁént'éviden&e points o a gradual
Cdepression of the- rm@iimggp@te lal, 1,80 some degree of
dﬁpo1aw1aaticn;, Lvaabl Jusing Lrog my@linate&'n@rva
fibres has pepopt@d chat vaﬁétﬁiﬁin& in eonceniraﬁiamﬁaf
5 ug per mlaxprudu@@& a d@@ﬁlé@i&atian'af 30 mV, higher
concentrations produced o magimua depolavisation of L7 wmV,
Lovente de ﬁolg}.haﬁ shown. that in long term experiments on

Prog/
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frog nerve, concentrations of verabrine of 10 ug. per ml.
can cause a partial depolarvisation which has recently been

. : R ] 4o
shown %o be accompanied by incressed K wrelease ‘and Na

}1-2 2 -3
uwptake,
120 : . : :
Witt amu QW&xne have also shown that the regiing

pmuential Qf frog savrh gwiuﬁ muscle flbres is reduced from

86 m¥. to Th wv, &fL@W treatment with verat?iéla@.

121 ‘
ﬁoman%@'ﬁé No has suggested fh&t there are two.

DProcesses invalvad in the maintenance Gf the resting
potential, a Tast and a slow phase, and xt seems likely that
the reduction in r@mtxuﬁ potential after Veratrum elkaloids
may be the result of an interference with the processes

which maintain this slow portion of the resting potenitial,.

The effect of the Veratyum alkaloids on the action
potentials of nerve and muscle seems to be vardsble, low

doses have been &hmwn to inerease the magnltude of the splke

potential in nerve, 118, 19§ ele, 112 and in the superlor

: . 124

@@rwiaal ganglion,™ ' but lmawaaaxna the ﬂwvg Gﬂﬂﬁﬁﬁh?aﬁieﬂ
. . 114,118,

further usvelly leads to a decrease in pﬂt@ublﬁl.

120 ’

In & precent @uhl&@ablmn Wittt and Swaineg have shown that
the action potential in single frog sartorius muscle flbres

was/



“ho.,

was reduced from 119 mV to L7 wV alfter treatment with
vewatﬁiéiﬂ@. As the vesting membrane potential was Th mVy
%hia.inﬂiﬁa%ed.that the usual feve@&ml“éf whe charge of the
membrane which uswally oecurs following & stimulus 4id not
occur.  The helght of the splke of a stimulated nerve
progressively decreases 'mf%@# treatnent with g§g§§ggg
118,120
Calkalolds, buw tﬁiﬁ is mainly due tm & decrease in membrane
potential with & corresponding decrease in take=off voltage.
This is sufficient to acoount for the decrease in the |

magnitude of the action y@t&mtial &@@n'im the tissues studied.

The actions of the iﬁgﬁgggm alkalolds upon the mewmbrane
potential and upon the riging phase and magnitude of the
action potential, are much less marked than tha&e‘upan the
Talling phase of the action potential and the accompanying
éfter p@tent131${ 11 pecns 1ikelyg therefore, that tbthe

very noticeable changes which occur in the second phase,
namely those affecting repolarization, arve tﬁaﬁéresﬁen&iﬁl&
fmr‘tn@ actlvation and sensitization of regeptors which give

rise to the therapeutic effest of the drugs.

The development of the w@ik@ in a ﬁ%&mﬁl&iﬂd neprye or
musele is imm@@lmt@&g f@ll@wed by 8@ ﬁ@&@ﬂﬂ @Qbmﬁbldl = the
negaiive after y@t@ntmal « tlie &lmatri@al Porm of this 18
variable gnd shows @Qm@ dagree of independence from the spike.

potential./



potentinl. In & normal electrical vecorvding of the action
potential the two potentials oceur so closely ltogebther thad
the recorded actlion potentisl il uwovelly ths gegult of tha

w0 Lackors,

The initisl descending phage ol thaj&m@iﬁﬂ potential
L f@llmWﬁﬁ:&y &;w@myﬁm@m% of ropolarisstlon which develons
at o much slowsr vabe, Thig is very sensliive to physical
and chemlonl changes and because of the elowness of this
component the wmegnlitude of resldual depolavisation of the
membrana gan be ipncressed by repstltive gtimulation,and
pubatanoes, goi. bthe Veratrvm alkalolds, wﬁi@n gan inerease
the effect of repetitlive stdwmulation probably set wpon thls
mlowar @mm@@n@ﬁ% af wapai&r&%mtia&. ?aﬁé component is nlee
responsible for a pnall portlon of the vestlng wnesbrane
potential and has beon tewmed the L, (for labile) ferection
by Lorente de m@;b mﬁﬁ.iﬁ iﬁ.yvah@bly_ﬁ m@éﬁwW@‘gf the @hmfgé.l,
.ﬁﬁﬁﬁﬁ&%i&ﬂ Hhat ogcurs and i%-%&iﬁﬁﬂ&%ﬁﬂ_%y‘& DPOGOSH
A1 Perent fwaﬁ mmyjéf thope responsible for the development
of the @p&k@»'_ﬁAf&atﬁw other than the negative af oy |
potential which ie directly velated o tha L fﬁ&ﬁ%iﬁﬁg i
the postesathodal depression of oxceliability f@llmwing a
shimulue, snd %h@é&'fa@%mwafﬁaﬁﬁin definite relationships

to each othar wnder a wide variety of conditlons, g.H.

temparature,/



b, -

temperature, 4drug a@%xo, elﬁehrtg&l polarizat icn and lonic
2 9

Ghanges.

Werves and museles expoaod Lo veratrineg gnow 2 marked
inerense in b@tm tﬁ@ ampli%vde auﬂ length ax thc nagf ive
aftex Eot@ngégl. Th;a effect was Tiret d@a@ribeﬁ by Graham
aud Casser, - The theory oﬁ'tha loenic basi%joc'th@ action
potential propos wé by Hodgking Katz and me&@y 20 postulates
that ﬁha'?éstoraﬁian_mf the raﬁtingA@éténtia1«aftef'the Bpiké'
is dne tozan'aﬁtwmﬁé &hif’laf:vdtﬁamiwm imnﬁ‘tm bQ1éﬁc@.*h&
sodivm long which anh@ﬁ@d dur?ng the ri@in@ phaaé of the |
apike. Measurements uaing the volitage clamp technique ?6
indicate that ﬁh@fﬁallinglﬁh&aé'mf the actieﬁ'pmten@;al io
accompanied by an indfeaéé'ih %h@ potassium ﬁonduétanc@ Qf
whe membrane and it secms F?ﬂy 1likely that the changes in the
negative &fbbf pmt@ntaal are Lh@ fﬁ@&&% mf an lnterfe rmm@ f
in the normal slow voyoJariaatlon phase ol Lhe ﬂcﬁion potcnulal.x
Tﬂ%:?@ﬂﬂlb ol LhL- f 1iuru @f ﬂ@b01aria Liah,Aﬂ that the
@KOlﬁdblﬁ maMbran@ remn¢n& vn a @%&%0 of tQLﬂl or poertial
depolarlsauLan A 1} uh@ caae of ma&alﬁ &hl“ leads %0 & &t~“é

£ prolonged contraction and can %cﬁuunu for Lh@ eha?aatayiﬁt£ei
myogram cf the vefatrlnised muaglag In nerve che appearance

of repetltive responses ig colucident with an increase in the

negatbive/



n@aativa after. p@tmntiml bu& in muaele tne %uamentaﬁ negaaiVa*’*

1:1_14»
after p@t@ﬁti al aaﬁ Qeauv wihh@uﬁ 4&@ cetaﬁle response

“Th@ n@gmtivm after potential may %é the wasﬁlﬁ of eh@ngea;_
in K" flux ROrons. thQ 1@Mbwaneg eﬁa@sﬁ-ﬂ% and vw?mhwxﬂa bath
lower the r&%tina p@tvﬁtlal of narva and mﬁ%ﬁl@ buu Lh&ir |
aeffects on the n@gativa aftber potential are dismetrically

. , | b
'o@pmsitam Vﬁratpn@ aWRalciﬁ Aincrease iﬁ‘hut exm@aa K
ﬂearGaW@% it, on e oaher hand it is increased by excess Ca **15
Modifications in the K° /wa "?atie san modify the voltape of

the after potential after veratrine bul do not. influence its -

emplitude, Q;” e X
ﬁﬁing the transverse ilmpedance %@ahniaue developed by
128 C 129
Gole and Curtis, Shanes et plia . have shown thalt the

initial afﬁ@fmimp@ﬂanﬁé§ L., & docrease in'el@aﬁrimal
‘aondm@ﬁane@ wh@chvn@fmally f@llawa thé 8pike in nerve is
abolished by treatment with elther cevadine or verabridine
auﬂ the an?ﬁmﬁaa @1@@%?1@&1 emnﬁuanaﬁw@ Gﬂhf@fﬂ& Vary

@lasaly wilth the*nega%ivﬁ after p@ﬁ@nﬁial.

The o&cuwm@nee of these changes %wﬂonduatqnaa are well
established, but the exact mechanism ls still not clearly
.uﬁﬂ&?ﬁtmaﬁ. Although the ingressed conductance and
gumulative depolarisation eanib@ aexplained ln berms of an
inereased XK' concentration in the externsl medium,

caleulations)
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129 -k
ﬁalvulatianﬂ have ﬁhGWﬂ ~that the amounts of K which

mugt bhe ﬁei@aﬁ&d to giv an increased nogative after

potential &&mil&i LQ that obbtained by veratrinization of néfVa;;ﬁ
axonsg, would be faw greater than those uﬁian hﬂV@ been &ngwn

to be liberated ?allawimﬁ o normal atimulu%, }ﬁhﬁéé
@alaulatien@ 1nﬁ3¢at@ that factors other than ehmn»es in'ﬁ%
£lox most be 5%&@@ into accountd mm»afdew 1o explain the
action of the Verabrum a1kg%QA@%‘ﬁn the n@&a%ivy after
potential, Shanes @3{@&@@% have suggestod ﬁhﬁt a &@eraagahuf
in the elevated ohloride p@rm@a%iliﬁﬁ wihich Tollows the ﬁyike u

may he responsible for the negative after pdt@nﬁial,
i;a& '

As hag been mentlioned, an increase in. the level of Ca
in the surrounding ﬁéﬁiﬁm can causs an 1n@r@aﬁ@ in both the
magnitude and duration of the negative after potential and.
14 has been shown that the effests on the n@ga%ive after
awt@ntial are paralleled byo&n nerease lun the magnitude of

118 130

the L fraction of the mﬁmbram@ potentlal, Brink - has
mﬂ??ﬁ&t@d that calcium ions have a dual achi iong one of whiﬁn
ig on surlace ﬁaruw%uvmd to change the L fraction of the m@ﬂbr%ﬂﬁ
potﬁntialg and the other to clamp the a%milla%ayy potential |
changes ocourring in ercitable tlssues by altéﬁing the

registance Ho currvent Clow and-ﬁhug preventing the &evalgpmenﬁ

ot/



of rhythmic self-exeitation processes.

\ . 131 ,
Gordon and Welsh ‘have guggested that vervalrine gives

rise to wapaﬁitiv%.r@&pon@a@ in newve axons Ffollowing
alegtrical mﬁim&la&&@m by delaying thé mnrﬁal restorative
pProcess whiéhirast@fmg the e&lcium Lons to the surface
complex Tollowing the bresking of the ehelate linkage of
lons to tnis gamplaxg possibly by mla@wmng the axon %urfaa@

ﬁtfu@tur@.

The maintenance of the resting potential in nervous and
mgsaular tigéu@;and thé ﬁgvﬁlmpmaﬁﬁigmﬁ conduction aflthe
setlon paﬁ&nﬁial in gtimulasted exceitable tissues is d@p@nﬂént
upon a mmnchieﬁally lntawu gsellular membrand, Ghang@&»in
the state of uh@ mumbran@ may lead to an inerease or a
d@creaﬁﬁ in- %h@ @gaitaﬁiljuy of the tiaau@.. - Much remaing

to be learnt @baut the pnyﬁvco-ahami@aj mﬂangﬂ@ in the |
membrane accamvaﬂying ahang@u in exeltebility. Th@ 31mpl@@%
explanation iB Lhat “the Lhraﬁhmld of exeitation 1% ghanwed by
an al%arat%am of the ﬁlaetrm%ah@miaal properties of the
mamhran@ ﬁh@réhy mugm&m&ing on dimimi$m$mg the pasgage of

chemical ﬁvbﬂtmnaﬁﬁ oy an @lﬁ@b?éﬁ current scross the membwanei

Low.doses cf the Veratrum alkelolds Tivst raise the
electrical excitability, but as the dose is incressed the
degree of exeitability falls, this has been demonsitrated in

manmalian/



118,123,124 - T0,132 x
mammalien nerve, musele, - and ventrleular
133 | ‘ o

muscle,

Th@‘mhr@shglﬁ_ydltéga~ra@uifaﬁ o a%i@ﬁlahaa nerv@'
gives some indicatlon of its exeitebility. Normally a
elaﬁing cabthodal aur?eﬂ% will a%imulat@ é nerve at a lower
voltage than am?a@m@@lldupr@ntibut_afteﬁ exposure of 118
manmmellan nerves tm‘?@réﬁyina tﬁigdaanﬁiﬁi@n'is reverged. |
This effect of veratrine indleates an effect upon the noxmal

electrical eondition of the wembrane,

Veratrins hm&>?ittia aeffect Qm the ra?aatcfy period of.
123

nerve - bub faTLQW3mg the @@f&mt@ry period veratrinlised
nerves show a ﬁim@ of lnﬂﬁh&$¢d ax@:uabiliﬁy. This is
freguently greater snd more prmlangaa than that exhibited by
the uﬂtvaaﬁe@ n@rvefo K?&y@? and A@h@%@ﬁﬁo consider that

the. vepetitiva response ocGurs in gtimulated veratriniged

tisspes as a result of the vising phase of the negative alter

potential acting In an analagous fashion to the splle

potential, and due to the supernormel exeitability aftor the

Veratruom elkaloids, this is sufficient o produce a conducted

digturbance,

To @ummaria@ it seems highly probable that the Veratﬁum
alkalolﬂ& alter th@ noymal electrophysiologlcal properties
of all exemtamiﬁ tissnes in a similar manner, The

concentrations)
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@om@@nb?at Long nw@@am@ry Lo pymdua@ aff@@t& an ﬁ&f%@ and
‘musulﬁ are higher than iliess. wh&an myxﬁt Pml&awinp th@
th@rqgvuﬁia aypll&qtlan mf %%@a@ ﬁwvgﬁg “hat Lﬁ is. llk@ly
that . bh@ sffe aiu pﬁ@ﬁm@@d at neﬁva sensory endings RP@
quﬁiitatl%ejy ﬁimzia? to hhﬁw pr@d&aaa upan atﬁnﬁ cvpar off

gxcitable Gl 506 - which can b@ m@r@ aa ally. %Ludi@ﬁ.

Modern @hyai@lagiaﬁl %ﬁ@hnigﬁﬂﬁ ha@ﬁ'&@m@aﬁtfa%e&:tﬁaﬁ“
the @1@G%ﬁwphg@iu1@giéal_$tmté.mﬁ{ﬁwﬁﬁml and,gﬁimﬁ&atﬁd
exeltable ﬂimﬁmé_ia @uéfﬁg.&n imm&1&n¢a?éf(éié@%rical ahafgasf”b
‘.aﬂ %iﬁhﬁ?-ﬂiﬂ@ of & w@i@@%i?élgﬂpérm@ablﬂ mﬂﬁbrahaa and ﬁhﬁth
nm@m@ charges veslﬁ@ on’ 1ana and @hﬁngwﬁ in . Lhm d;atﬁibutamn
- of these ions amtr@&pomalbla fwr Qhﬂﬁﬁ@% in the w30@¢$@brl@a1“'
pﬁﬁp@ﬁblﬁﬁ of the ece 31$.~ Whﬁ Veratrum aTRal@iéﬁ are thuas
thaught to m@&iate ﬁha?r afﬁ@cta bJ an alt@fatiaa of the iﬂﬂib

”@ndg mhﬁrefovag wlaabrimal Lat@ of the @A@i&&ble membrane, -

%w}vﬁwTﬁipmd Th@owv gf Gmn@?ml &ﬁcaptor@

1354
: M@i@r and nis wlieagnes 0 have. aﬁpfaaeh@& th@ abtudy ef -

maghmniam of a@tien xram.a diﬁfﬂrami dir@anion 4%pn;bn&u
mdﬂ@buﬂ by @th@r war&arm 1n the £imiﬁ. %h y &av& @@mwn@trat@ﬁ |
@hat v@watwine @na g@mtwvmwau?ln@ can timulasa ta@ ﬂm@mhh -
muﬁ@lﬁ of beth isaiateé jegunum mm@ %@mim&i v@ﬁieie |
pfeparmtlonn uak@u fram the yuvn@a big. Thﬁ rﬁuu1t¢ng
aentracbxmm can - ba v@ﬂwa@d by dwuas Wh}bh arﬁ known to

inhili t/



'iﬂhibim the stimulant a@t;@ms of the ﬂauurajly @chWfﬁng
ag@ntr anmty3ehmlim@9 &@?&ﬂal&ﬂ@ &n& himgmmimﬁ, On gulneas=
plg'e iutmﬁmin@ %h@ @uﬁi@mellm@rgi @rug,ﬁayapaneg the
antihisteminic ﬁrip@l@nnmmin@ and the aﬂrgﬁﬁﬁgin‘bl@ekimg
agent ph@nuulamxne ail anta@@niaa the maﬁmulaab action of

the Veratrum alkalﬁidﬁg'bvtfwﬁ&ream abtropine is effe¢tive

in low comagntrat4maa (G.l ug, per ml.) which are similar

to those required to blo@k the @ff@@&% at am@tyl@hmllnag
ﬁh@‘oth@ﬁ two antagonists are only effective in Gen@@mtraﬁiéga
& hundred timés g@@atarﬂ On the other hand the isolated
‘seminal v&%icl@ whi¢h‘ﬂan be a%imﬁlaﬁ@&ﬂby aéf@naliﬁag
&@@tyleholinag hiﬁhaminm and the Veratrum alkalaid39 shows

a ﬁiff@r@nﬁ pattern of ap@mifimi@y when ﬁﬁpﬂﬁﬁﬁ to the
bloscking ag&nta previnuﬁiy menuﬁon@d. The most powerful
iantagomimt to the ﬁﬁi%ﬂlﬂﬂh agtlon of Lma ﬁwyaﬁrum alkaﬂwiﬂﬁ‘ff
on tmﬁ seminal va&iale 18 pnaﬁhoiaminap wi th aarapimc and |
r&pwl@na@mlna showing ahaab one=thousandith of the aativi%y'

of phentolaming againet Yeratrum-induced contractions.

in amﬂﬁﬁnaratimnw similer to dhose reguired to ant&ggnxma
a@abyl@hmlﬂn@ and adrenaline f@wpa@ﬁively @&ﬁh atropine on
the lotestine, and phentolamine on the Semiaal veslicle are
a@tiv@ antegonists to the stimulant aatlm&ﬁvgggtrum alkalaida.
The pra@auﬁ&@rg of the theory suggest that a @p@@ific
inﬁlu@nga pn the stimulant @ff@@ﬁ& of the alkalelds can be

produceds
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produesd in cach case only by aitypi@al antagcnimt\whien
differs from crgan Lo organ.

On the basis of the experimenits Meler gﬁz%%&g suggest
that there exizts ﬁxtﬂ%r a "moster rocepuar'¢ig to which the .
gllkalolds Qqn b@@emﬁ ahtaeh@d and thdt thma receptor is
normally in?luone@d ay mmamndary ﬁeeap%mfs which are opecific
for acetylcholine, advenaline or noradrenaline and hisgtemino,

v that the malecﬁi@ of the Veratyum alkaloids can £it on %o
@ither of the two typéﬂigf,r@@é§t§$'blockad by atfopinm or
phentolamine wrespecitively, They thus postulate that the
Varatrun alkaloids act by combining with receptors primarily
concerned with the autonomic ﬁérv0u$ system, howeverQ @g;gggg
the Veratrum alkalolds have little 1T aﬁy effect on bthis
systen in doses which are Lh@rageuo1aaliy @Tfeativa.A The
main site mf ackbion of Lho alkaloids Ln vwi geems 1o he on
gensory nerve endings and as yeb there hes been no sabilsfactory
proof that oither acetylcholine, asdrenaline or noradrenaline
or higtamine arve iuvolved ingghe processes by which sensory

nerve endings are sbimulated,

Although this theory may explain the resulty obltained by
the simulstion of isolated smoot h mugele by bthe Veratrum

alkalolds 1t is the opinion of the author that this theory

does/
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does not pm@vzde any %ﬂuﬁmfﬁ@h&?v b&%&ﬁ far a0 axﬁlaﬂahjgn of
the effects Gf'th@ gggﬁ;wg; i?kalalﬁﬂ in ﬁljﬁgbtﬂg w@naaﬁy
reflexes,

Theoriss ﬁggn the Mode of Abﬁimn ot L@e V@@at?um
ﬁikﬂl@ld@ maV$30@@ﬂ Firam P@ﬁma@bxi&» v.8tudlen.

The @é‘vw@nm -ﬂ,m@mwﬂ eammw 10 this ehaptor mamam
thmt Lh@ V@ratrmm.alkaiamdm have a marked ef*wat WHON th@
nmrma& pattern of miQ#aleﬁ@rimal ﬁ@ﬁp@ﬂ%@%'@@&ﬂ??ing‘in
@xmithJ timéuaaﬁ These ﬂl muv%&m&am gan be described 1ﬁ
gnn@@ntional ﬁzaﬁ&wieal h@rmjnmlmgy and be @amparﬁa BO
- aimilar nge& whlwh ey b@ prmduam@ in a med@? @lb@ﬁ?i@&*
systens ﬁw§ a&@;@g af tﬂa Xﬁ,g&ﬁﬁ@m alkalokds upon nerve
Mémﬁ'musgia ean tbﬁ‘ ba ﬂﬂmmribw& as. prmduaiﬁg @naﬁﬁm& in
| W@&la%aa@eg mitﬁpimg th@ d@gr@n'uf ra@t;?ieﬂsian apd hfﬁg
inhiblting the ﬁﬁmpimg of %&&ll&iﬁfJ Qpeﬁaaﬁeﬁ. ln nmrmal
nerve and uscle. mhwma ﬁﬁaﬁmra hmV@ consbant walu@ﬁ wb¢@h

ean b@ marleﬁly vnang@& f@llnw5ng tfuabmaﬂt af Lﬁ@ @xalgabLo

tissue with tno phamm&aalag§@a71y agngm VGﬁabﬁum Jkﬂlaid%.

The precise yharm&amlagi@mlrﬁﬁﬁion of these dyugs, hawave?;‘
S gamoed be &Oa@rib@d delely in t@ﬁma of @maﬁguﬁ in the
ale@ur@mal Q?Qp@ﬁ&i@&~0£ @h@ vmv&trinlzeﬂ ﬁlswuum@ For a
”ﬁiiéw mn@ﬁ%m&amdiﬂé'df the p?@bl@m it.iﬁvn@@eaﬁary to Know. -
»my what m@ahamimm@ the drugs alter bh@ ?@sbinﬁ ml@aﬁrical

state/
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gtate of nerve and muscle. Some mention hap already been

made of the theories put forward to explain the generation of

Ppig=-electrical potentials and it is now generally accepted

that the elesirical ochanges oceurring in exeltable tissues as

Dde

a result of stimulation ?@&u1£~fmam changes in the distribution

of changed lons across the cellular mewmbrane, Te a certain

degree the cell ean control the ratioc.of intvacellular to

extracellular lons by alterations ig the sslective permeability

af the mem%?ane but the m@@h@n;ﬁm by whiah this is achleved

is stlll 1afg@1y mnhﬂﬂwn,

:l,i':')‘
Th@ early membrane t&amry of Bernstein postulated

a dlfferentisal permeability of the cell to the catious of
’ 125

b “*

Na and K but ﬁ@d@kia -and hie co=wovkers using single
nerve Libre prepavations were the Lirst Yo actually
demonstrate changes in the reletive permeability of the

caell membrane to these long.

Some of &ha effects of the Veratrom alkelolds on the

electrical state of exeitable tissues gan be reproduced by

changing the ionie composition of the bathing fluid.  With

the general accepiance of the theory of the ionic basls of
sleetrical excitetion various wovkers have considersd the
pesslibility that the effects of the Verasitrum alkalelds on

nerve/
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nerﬁ@'én&.mugéléla%@ dus o alterations in tho p&rm@ahﬁi&ty
of the cell m@ﬁbfﬁh&iﬁm lons. 7Tﬁéfi@n“ mm&t-lika&y 10 be
anaﬂvad &n ﬁhe pfmdughion and mainua%aneﬁlﬁ b%ow@l@etwi@al
ya&@ﬁ%&aim are the met ﬂilﬁc cations Kég Na % G&ﬁi.an@ the
anion G1” | A,mum%@w of hypotheses have he@n,pu%~f@rwa?&
duwimg'thé last t@@n@y yoars in en aﬁtam@£ tQ-§xp1aim the

machanion aflaatian of the Yeratrum alkaloids and the

.mngaw%by Of Lh@ 1@ have pmm@nla&ed an effect upun the
A‘m@th&ﬁth$ waﬁmamambip For the diﬁtrﬁhuti@m mf ONG OF more

A Q£ the abovm 3Qn@ @n @iﬁner gldﬁ of @h@ mtnlwlaJ‘ memhfanﬁa

The rale of a@n mf %h@m@ ﬁmnﬁ Wﬁll g amﬂalaar@d in turn

-

’anﬂ the fela imn&hip between m* and the p&@ﬁlhlﬁ mamhanigma'

or aatimn of $he @otivo V@vaﬁwgm azkalalda will b@ d&ﬁﬂ%ﬁﬁ@ﬁe'

m:;unwemv AT

-

gge;Pmta&aium-igg‘

, 185 :
In 1939 Baecg - published evidence to show that verairine

could sensitize frog skeletal muscle te the stimulant action
by ORI | o
mf‘ﬁre ‘.Thia effact has npince Been dﬂmanatrmtﬁa Lo ocauy

wibh many of th@ pﬂfi‘ ied aiha!@ﬂﬁm isolated {from v@ﬂlov@
137,
Yepratrun species ané ﬂan Be d@menmtwat@ﬁ in other forms

c a5
mf @mmiu&b&a pﬁﬁau&@s

.
Th@ mag&r&ty oF " the 1n%vaa@?lular R i% thought to. be
.‘f{.
in @ynamag agui?Lhﬁiﬂm with the emt*&ualiular K  and there
+

i9 a @ﬁﬁi&ﬁﬂﬁﬂ& mQV@m@mﬁ of K ﬂﬁwwﬁﬁ the Qell MEMHTRNS iﬂ

bob h ﬁir@mtimn%ai‘ﬁﬁhia‘@qg%l;%@@um can, h@,ﬁi%uurh@d‘hy

alm&watimmaf|
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&lté&atiunﬁ,in'ﬂ@@ﬁ?&g%Jp@rméghilityrafféaﬁimg slther the
ihwara‘éé Qutwarﬁ_faiéﬂ dfjﬁfaﬁéf@%; Thiﬁjwﬁllfﬁﬁ Lurn
alter the lonic ﬁi%%ribmﬁioﬁ and both the @@ﬁtiﬁg patantial;f
and the action E@t@nﬁiaiefr"

A% a reaulg of bils pienear wmﬁP An the ﬁiﬁlg af
gengitization of tﬁ%&ﬁ@ﬁ b1 Aﬁkaﬁimniat&wny ﬁaéq?B ﬁugg@mmaﬁ
uhat veratrineg pw@vanbﬁﬁ ﬁﬂe K‘ fwmm rca@hing the . meMbr
surface and Lhab mh@ imn rvmaim@ﬁ in the vicilnity of bﬂ$
cell membréne in an-aaﬁiva state and thue gave rise to &
,pmm?ong@ﬁ dﬁ@ol&ﬁ&ﬁdtl&ﬂp He pvt murwaf& this theory before
the £u13 u@v@lopm@nt of th@ %@nie th@mvy Qm n@?vmu¢ and
muscula @xwitatiang but the seme sltuntion wéﬁlﬁ exlpt 1if .
the outward flux of K% Wagnincr@a@@@ or the inward £lux
ﬂ&@ﬁ@ﬁﬁﬁdg and this hypothesis méy he taken as analagous
to one involving a'éhang@&~xf @énmeabiiity, |

Mueh of the earlier @viﬁﬁn@e;puﬁ Torwerd to guppord
tﬁ@;th@ary of an aatign of tﬁ@~a1kaloi&$ O péﬁma&bility
,wa@ inﬁir@é%f this was dve to the twahniaal aﬁfxlﬁu“$£6$
invnva?ﬂiﬁltha m@a%uwemant of a&ilular y@vmeabllétya
Mosera 159 140 m&&%ureﬂ.ﬁh@ degree of amhihitamn of toad
'gﬁﬁﬁroﬁnemimﬁ musgles lmmersed ua R;nhar £ saluﬁian uamt&LnAQg
vaya@éin@ @n@ &huw@d€thaﬁ the muscles axposed 5@ tne drug
aamnﬁd More W@Lgnt than tn@ control muﬁaieﬁa e concludsd
‘t&at veratrine acts by in?lu@n&jmg m@liﬁLaf permeablility

but/
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but offeved nmféﬁégﬁﬁﬁisné as 4o how the permeability was
il

ultarmd and in what diw@aiﬁmn. Bhanes on the other hand

could find no significant increase in water uptake in

muscles exposad o V9?amrinaa

L . &
&Qremaane ﬂﬁ? diminkh - %h@ ﬁtmmulan affect of K on
113,142
frop mug@leg cand 1t has &1&@ been shown £9 ﬂ??ﬁnlah
o AF 144
the pevmeabllity of the mumw?e menbrane to K .

This may b@wtmkemgaﬁ 1ndife@a gvidence mw support the

hypothesis that a changa in permmﬁh¢li by is analvad9 buss

53
as Goffart and Baocg suggest, the ”ff@@b of -ﬁf@nalin@
' 4+
in antagoniging the ﬂ@ﬂﬂitilatiom to K cecurs in less than
N 1!""‘.’? . .
fiva,minute@ whereas Lange oS anabla\ﬁo ﬁngw any effect

of adrenaline on muscle permeability inklaﬁﬁ’ﬁﬁmna%wanty

minutes,

Purth&v &mﬁiw¢@m @vxﬁenaﬁ 9w1nulag to an ezfaat ﬁgan
pwxmaabjlity ua@ been offered by various WQfK@P& S T whoo

'ahowad uhﬁﬁ GOME aa&mhisaam¢nia q&@nt% Whéwn hav& been Ehﬂwﬂ
to d@@r@a&@ muscular permeability to ?$ aﬁm‘ﬂmzagomlze Both
the &@nﬁiti%ation af‘fr@g'mu%alew%mng ana thm Veratrun
3ndue@? Bﬁzmldeavxsan reflex in @abﬁﬁlfﬁ l@? ﬁléak@nabaiﬁ amd
H&fﬁtlfb also ﬁWaﬁmaé tha& local ana@mthatim &rmish membrane

.p@ymaability. The pan alga ﬂ@%&nﬁitiﬁb museiﬁ ha “the

stimulant/



sbimnlant astion of X and can antagonize the sensitizetion

produced by the V@ wmm alkaloids,

Bleatrophyslological studies providiog further evidence
for the hvpath@%i& that the V@ra%?wm alkaloids pﬂﬁdﬁé@

@hﬁlﬁ characterigble elffects on ma§v@ @n&.mu L by
Y

influ@ﬂaxng the X pﬁxﬁ@abiqkby of the e¢ell havebeen reviewed B

in th@ sarlier p&g@ﬂ of this thesis,

The firat guantitative m@aﬁu@am@mﬁb off th@ we?atxgnwhiga
W
@abwawn K and the Veratrum alhalaa@& Were publ*ﬁhaﬁ by
l)?glhﬁ to 151
%ﬁ&ﬁ@& K _ whc carried oub a ReTies of
' s .
vaprrimamt% in wniah the eoncentrabion @f K in ,h@ bathing

flmiﬁ continuounliy @@ﬁfﬂ&ﬁﬂg fr@g Nerves was m@&@ur$ﬁ$ ]
ﬂ@ﬁ?@ @Xﬁﬁﬁ@ﬂ L0 v&ﬁa%rime Phl&ﬁaﬂd @igmgfiaﬁatly'mmre s
Into the bathing medium than did conbrol NS TTes vnder the
aame @andl%ﬁanﬁa' In addlitlion he showed that this inar@a%éd;
&% Quﬁ@mt @Qulﬁ be antagonised by the local &na&aﬁhﬁti@
goealng. %hgn@@-uaeﬁ the %&%m,“unﬂﬁahiliﬁ@r* to desoerlibe
pubstences which inmﬁ@ameavﬁhe pﬁﬂ&%ﬁhilﬁ%y of the eell
membrang to i@nguaﬁa'h@ gumteﬁ‘aﬁ éXamyle@ vewa%rinegmxygen
1ﬁcm§:i0ﬁma@@tat@ polsoning and calelum precipitante. |
Conversely substances wﬁi@h.d@@f@aﬁad the mamﬁwﬁn@ |
permeability he designated "stabi 11&@?% and PAL@@ cocalne,
g 127,151 |
antibigtomines and @lﬂg@ﬁ@ a8 examples. Shanes
explained the apparent in@féamési@fﬁﬁ output as being the

pegult/
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rcault of ﬂn 1n0re@@oﬁ aunnut or K duringﬂ, mulattcn %nﬂ

thoe xamlur@ Qt hh@ n@rve uﬁ wowabsoﬁb uh@ libera*ﬁd K during
Lh@ rampalarizmbion pnaﬁa, | Th&ﬁ would imﬁluats tuas Lhﬁfw
was an incvmage En ahv pefmaabllﬂuy off the n@ﬂbﬁqnﬁ with

.J'.

%m*%ﬂéﬁ uo mmme ef tue intracellulay K whiech wap eliher

aaaompvnlﬁd GP ?mlimwaa by a ﬁwvwa@%ﬁ in the n@wmembwlitg

.+
to tne anrmeﬂllulaf K. 1u 8 1&&@? paper,
. R L ' o+
: howeverq‘ﬁhanéa ' cJaimeé'thaﬁ‘thp‘excaaa R. ilbeyasod by

the impulse may have bﬁwn mmr@ ?ap¢d1y r@abmoﬁbwﬂ in

veratriniz@asn$rvéa than in th@ eomtrol nerves.

xara Poeently two papers have bepn pubijahvd.in whiéh
107 163 .

dufaub : ﬂwaapshad the ef?mﬁtm of veratridine on.
myelingt@a nerve fibres of the frog and has attempted to
@ﬁplain théa@,effeﬁtﬁ aﬂ;&ua o m@ﬁificatien&fin the ionic
yammﬁﬁbility of mhé NeTres mﬁmbf§ﬂ&;l”lh hi@:axparim@ntﬁ
ﬁtréﬁbiuﬂé@ a:ner#@ which wag Gﬂnﬁinubuﬁly bathed with
Ringer“é aoiﬁ%ioﬁ and Lrom Whi@ﬁ.a gontinuou& recordling of
A th@ m@mbﬁmn@ pwb&uaaai wm ohtmined, Aﬁt@rﬁtimna‘in the
ilonic QQmpriElﬂﬁ of the bauhjng ;lulﬁ and the addition of
veratriding produced y@@araablmﬁ@ngmg@s in the memb?an@
pmtémﬁiali '~Stvau$ maﬂ@‘mm meaoaw@m@ntﬁ of-iamia‘ |
-eoa&nntvaticn9 he only m@asuvcﬂ differences in the membrane

potential, By basing his vesults on the "constant field

theovy"/
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Hhie y”’a? toldmann, and on. fmﬁmulaa @ovivod from tﬂia
155 '

Lh@mry by Hodgkin and Ratbs, @tvaub Q@naludwa,that]on £frog

¢§u

‘nmrvm varﬁur4d1nn grm&n@ad an anev, Ae in K pewm@abilityg'

‘ hvb he - Qlﬁ gf ead wihh the va@w ﬂ@lﬂ uy Bhauaﬂ'théﬁ the
,dbymlavlzatjgn prmaﬁaaa bv Lh@ Varatrom alkaLdew ia due

.prmmr11y to. an Anaraaﬁe in th@ bﬁﬂﬁbﬂi?&%ﬁﬁﬂ of exbarmal

K xn th& meadiaum vibinity of Lha neryve m@mbwanma %*Paub'

@uL xurw&vﬁ thg alternative sug gQ%Li&ﬂ “bha t the electro-
phygialagicai ehang@@ seen aftaw'@xp@&nre of excitable
tissués to tﬁa V@?dbﬁum aiknla&da dazprimaley ﬁﬂe faaui%
o of aliteé P&bimnﬁ in the pwrm@w@ility of the gell membran@ to

e

the sodium igm HNa ,

The evidence cited abav&‘indieatgs‘thaﬁ'the'ggggtpum'

alkaloids can incresss the permeability of frog neipve Libres.

s : 5 .
to B but further work is needed to conflirm these Clndings
and elucidate the changes in memmalisn muscle and necrve.

| S 154 to 156 |

Various authors : havs gu&ye sted L%&t tb@ bounda nny

m@mbr&nea_ of @xuitabla tissues h&va gimilaxr grﬁgaﬁuiea and -

that iama are. trans pmrﬁﬂd across hnm caellular m@mbfﬁna -y

~ana3a Qﬁw pww&v&ﬁo% gvobabiy jnvglvlmg ap@aialiy ﬁ%ff@wanb?abeﬁ

LO8

carrier systems,. It ism, therefore, to bm-azyﬁvbed bﬂat tne

+
Vovntrg alﬁaiovﬁﬁ WQuld ‘also alter bLhe p@rmaabLlity to K.

SRR AR

of oﬁh@r tyyﬂ‘ Qx v@llviap membranes across Which thaa ion

is/

-~ %
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is known to move. . In sddition to nerve the tissues most
widey used. in the study of ionle transport are the skeleial

' mumele%s arytﬁrosyt&s and the glomervulus of the kidney.

Thﬁ use of radi Loactive tranap Leehmiquea ‘has made the

task of studying @eﬁm&ability-mﬂangeﬂ'lﬂ Living cells much

less difficult than before t, but at the time of

writing only one paper has been published deseribing lhe use
Ny ﬁf‘tﬁ@ﬂ@,tﬁahﬂiguﬁﬁ in the study of the influence of the

Veratron alkalﬁiﬂ% on ionlc transport. In this paper Kahn

o 157 | -
ang ﬂeh&ﬁaﬂ dﬁ%@??ﬁe the effect of veravrldine upon the

he o+
@nﬁry of rmdiaacﬁlve pataﬁgiumg K, intw human erythrocytes,

Following the ea ariier work o %haﬂ@& and others %k&y nrapouna@df

Cthe working &‘“ﬁ&gﬁ% bypathe?is that the V@?&tfﬂm mlkalamdg
. , $hs ) =
would prevent %h% entry of K into % paer gold=gtored
! ba v
humen erythrocytes when incubated with K labelled plasmaa

They were, however, unable 4o shod eany significant difference
La + - , - .-
betwoen the K uptake of erythrocytes exposed to vsratrldine

and that of the control ﬁ&il&p This wags in mavked contrast

“to the results obbalped With a number of Qd?@lﬂa&i1V@}
glycosides whiah were shown to inhibii tie uptake of !2§%
by the @ﬁythwmuytea From the labeJ%f@ plasma. ﬁarri&lpa
“hasg ptudied the flux@m Q;LL?K anﬂd?ﬂa% in veﬁatrln@ treated

frog sartorivs meucles but has been wmable to ﬁemanﬁtrﬁte

any/
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any effect of the drug on the tPanapert of either of these

'tWQ ions, 3

19@ pm&mﬁblw gffmgaw of the vwwat?um.aika1@ld on
§0m3e tpanauwﬂﬂ lﬂ Ln@ plwm@ruiu hdﬁb pitaye h@@n_ari”’é&lly
inveaui wge@a ;i%jg@@ma unlik@ly~tn&t studj@@'mn i@@*ﬂaiybe

@xﬂhamg@ in the invact animel Wmnld be of greau va3ue aue za

q

the relatively-large changes in blood and urine K-
Qan@eﬂt?ati@nmpféﬂﬁﬁ@@ hy the liveration of ﬁn idiuretlc
hormone fala SGU &@1AQW&ng the &ﬁmimu&uwataﬂn ef uh&

159, 369
V@ﬁﬁbrum mlkglmidm¢ .

Ewmm the wow? ﬁii@d 1& mﬁy b@ almim@@ wetz ‘some

jﬁstﬁzicaﬁloﬁ mm&b aL pras@nu tha rﬁianien$hipa betweon %be
a{-—u .
wwﬂmeabillﬁv of @ells ue H anﬁ tna af cetﬁ mf bh@ Jmfdtrﬂm

ailﬁl@iﬁm are sHill wh@uurc aﬂd that much PLrther WO?Ew’
pemalng talh@'d@ne_bﬁﬁmr@ a8 clesr pleture of these

“@amﬁgiﬁaﬁéﬁ interrelationships énerges,

Tbe Ggﬁﬁm Eov

LA wwwmp‘ MR A
pot

Lﬁ 88 wmwk h&ﬁ heun uona am the v?festm ﬁf th@ Vﬁ?@&ﬁpm

alhq?ax@w on thﬁ y@fmﬁmblll y of @ﬁlia b hn@ aﬁdium ilon
'{“ *y*
- Ra 'uh&m haﬁ b@@m @pamplﬁmhwd fov %__aua tﬂ&b which-haﬁ

heen yumljgheﬁ ?ndiwata& Lﬁat nn §P$b1@m im @auallv a@mpiexa ’;{

3&:1
bsmivy
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161
- Uasing has suggemted thal the acitive exitrusion of
4 , . '
Na ip the primary process by which the potential dirference

across a frog's skin is waintalned, Xt is, theveforve,

possible thet the. depolarization. observed in veratrinized

exciteble tissue 18 dus to an imbalance between the normally:

: B o . | N
existing extra and intracelluler Ha .

It has been suggesited by a vumber of authors
’ o g . .

that the Na dnd ¥ ions are distributed between a cell and

its envivonment aeccording to a Doonen equilibrium, buib
165 +
Fenn  has shown that Na covnld freely ceross the cell

membrane and the theory in its original Fform was Found to be

untenable.  The: coneept of dotive extrusion by a"sodium

166
pump” was latroduced by Vean to acceunt for this discovery,

and the exigtence of linked sarrier systems for Na and

+ ST L | C1ET, 168
K has bean suggesited by Hodgkin and Keynes '« On the

basis of this theory slteraticns in the rate constants and
. ’ . :

total B would result in corresponding changes in the rate

A ' : :
of Wa transport and the Cinal restlng concentration of this

ion. Agents which sliered one of these factors Lfor one lon,

d:Jr

e« £. % , would thus be expected o give vise to chanpges in
the rate of trangport or” final cobocentration of the other
. .zg.
i.e. Wa . , . ,
. 169 \
Recent evidence hag indiceted that in frog muscle

neither the Donnan concept nor a linked carvier sysitem can

Pully/



‘_ , o o | 122
fully*@&wlain&a?number ef'QXpéfiMQntal Pindings. Bhanes

’h&5 ahoww ohat in ff@g n@wva mn@ve is a relali @n%hip
-A:'- o4 ‘-

,h@hwmﬁn K ? aan ana Ha upbake buu undar emnd1taona of

&

anoxia - Lhe oﬂoea acq may be indopcndanb 04 oscﬂ othar. ﬁ@
) « -w‘n .
ha& alﬂa demon&tr&ted uhau o me ﬁm cmucantf tion in the

oo

bathiﬁg me&ium ean v@ﬂuea tnm iﬂ@ﬁ%ﬁ%@d K outﬁu% after

VVQratane o Efam hisg data h@ mg unabje to say whether bhlﬁ
K

ef;@au is yvlmarjly éue 10 8 muanwp in p@fMGmeLJﬁy to Na
&y o . .
or to K
o 1Ui9108
“he 2 e vophya1010gicnl @ata ohta@n@d by Straub

are clted by ﬁlM.ﬂ& evid@nmm bhat the Veratrum alkal&laa

.:. o

alter tha,parM@abiiiﬁv of frog nerve to la ;-“ﬁw used

Lrog nerves wniuh wafe conLJnuxliy washed by\RingérVEA

T

OEuLLGH asd dmmon&trnbad that veﬂat?iﬂlne aoulﬂ nmb

i

ue

8o

_depmlaria the Derve in an Na zrea m@dfuma A pmall degree
,of dmp@l riaa&ian gouTQ be pvodmeod if ih Qﬁnhﬁﬁﬁﬁﬂii?ﬂ
B ,
of Wa withia una without wero the same, and i the Na
caaoonbﬁacian ﬁﬂ uh@ pashing Elu&d wWas increased above that
‘oeeurring und@rrphy&10$@,icaL-awnﬁitinna veratridine could
‘p?aﬁuae a grea uar ﬁ@yr@m of mwlﬁyiﬁguiuu %ﬂﬂh was po%mihle
@11 Lhm ﬁaﬁeuntr Clhon of Ghb@?nﬂl '$ waa tne'same‘aslthaﬁ

existivg in frog 1Lﬂ”u? i solutiﬁg;
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In eriticising Shanes® conclusions, Straub  , baslug

. | 152
hig explanations on Goldmaon's theory claimed that if

the depolarization of Lrog nerve whimh mevaléym fmllawing

)

treatment with Ln@ Verateun alkalolds was due tm loss of

wvr-tmes::a
#

some intracellular K | “the @nmuing pauentiai change would
develop slowly over a number of hours but in fact 1% raacheﬂ

a maximum within o few minutes. %hil b.oagre eing with
In
BShanes that the permeability of tma nerve membrﬂne to K

may be increased he claimed that the depolavization produced

by the alkaloi@.ia ﬂti?o.y the ?@uvlt of an increase in
4 ‘ o A ] 122
fa permaabiliﬁy, in Shanes® experiments the concentration

v"\'

of imtranclinar Ha 'Wéa‘ﬁhown ﬁ@'b%‘iﬂar@aéﬁﬂ after

veratrinization and was expleined by him as dus to an influx

+ 4
of Na in compensation fow the inhraeellulaf X lost.
108 .
Straub haa'ﬂugg@mteﬂ:unat tama'incrcaaod intracellular
P . - g
Ng content is due teo a greater Na ioflux as a direct result

of an increased Na permeability and to the Na pump belug

unable to compensate for this increased influw by extrusiion
ode ‘ : : :
of Na ., He concludss that the effect of %h@'ygyaﬁggm

alkalolids in p?mﬁuewﬂg Gapmlm?i?mtiun can be @xplalnod aa

dx

being due to an ! ﬂhmbxtory pction upon the Wa @a?rgﬁmy

3

yatem of the nerve membrane,

The/



ggﬁ Ghig?iﬁéflé@-ﬁ;

Th& val@ of ﬂﬁ ong in the p?mammﬁ¢on and maintenance
ot bl@wﬁiaaaflv pmbﬁntiaib a&@ hesn muuﬁiuﬁ Ho 9 mﬁan ?@SGQP
extent . than that of cations. The mhimri&m ion ( CL7) s thm
mm?y anion thmugnv t@ payﬁi@%p&t 1n the ionic Ghﬁnﬁ@ﬁ
_wa&uwrwng duvimg ua@ pvaduei on @f fﬁmhiug p@L@mész ina‘-“

the &ﬁnlaﬁ pot &ﬁ%&&ls

Tﬁa effa@tm of the wanof@@ alkmﬁazﬁs on the, p@wmeabjlitg
‘f ﬂ@ll 1o &; h?ye @aly'b @m rauarbaﬁ ln Lwa‘pagﬁng |
h@ne@ g% alit %?;nmake th@n&@nﬁa%iva auggﬁﬁtimn that the
negativ& after potential b@guéﬁimg iu Lﬁlig@j&xmns Qfﬁ@r
traatment with'thg’alkalmiﬁ éévﬁﬂin@étawulé b@’du@ to an’
iﬁ@féase~iﬁ’th@'§érmaabilit§ nf,thé-fﬁhﬁﬁ to Glé !=No
analytlical data Wd% ﬂb%aln@m in thiﬁstady anu the authors

sugpes tions are ba@aa~up@n hemwetLG@l cun@aptn aloné,

1686 - ,
‘Biraub found &-contradiction.. osetween nzs ragults -
_ . _ . 129 IR
uﬁimg‘fvag nerve and those of Shanes el alil with %@%gg@'f"

amxmmég‘ ﬁ@ wm& unmhzﬁ tu @@mmm%hylta qny in@ @es@ ko bh@l

l@nimnse g@vm@ahrlity'of ng neﬁva 0N %ﬁemim@nt wzuh

 ”Vﬁfmiﬁ§diﬂe and h@ ﬁxplaﬁned uhﬁ m@gauivm aﬁtaﬂ puhpn&ial
»&&'b@lﬂg @ue o & imuitaﬂaaur inaveaﬁ@ in pormaahxliay for

. ) . 4§-- P 35;.
both. .%.‘3&~ and K .

The- Ga?ﬁ nm Xan

& nafawaa&aﬂ



. ol
Transference of the calcium ion, {Ca ) across the cell
. 2

membrane seems 0 play no part in the genesls of either the
resting or actlon potentials of @KGit&ble‘ﬁiﬂﬁuﬁﬁy The
part played by this lon in the normal fm?¢t10ﬂimg of living
cells is still largely unknown. Rimge# ro was. the first to
demonstrate thét 6a+% was necessary for the normal

functioning of exgltable tlssues.

, 161 . b
In a recent monograph Hellbrunn hag congidered Ca

to be the most important single cation found in living |,
eells. It is his view that the difference of pobential
acroas o resting cell membrane 1is &ue to the presence of a
‘calﬁiummﬁ;@mﬁraa@ system in the oell. ‘He has postulated
e -
that the Ca ! iakfirmly bouand to proteln molecules in the
cortex of the cell but exist mainly as fﬁée ions in the
cell interior thus setting up a calceiuwm %l@&trod@ systems
ﬂigfatimn of the free lons f?@ﬁ the interior 4o “he cortex
being responslible fLor the potential difference between the
interior and ‘exterior of %h@ cell. In thia;thaﬁvy the
excitation of cells is thought to be due ﬁ@ the releage of
Ga%@ from a p@ﬁt@in'bound complex at the Ggrtex which
‘p@nﬁtr&ta% o the intérimr‘$f the cell and there acts as an

enzyme activabor,

kY

Heilbruon'’s theory has, however, not won general
acceptance but all theories of cellulayr excliation agree

that/

K



Caes . ?

thalt the Ca  plays an essentlal pars in the contrel of:
DR 130 ‘

eellular permesbility.

The relationship b@twa@n'%hé Va atrom alkalolds and_f'

LS w«w et de 4
s éﬁb ﬁgu

Ga 'm@@ia% gomplex as %ﬂ@s@ exinbgn@ botween thesa dlﬁdlﬁiﬁﬁ

o - Jm

-mnﬁ %h@ moamvalmna ﬁ&ilmﬂﬁ ﬂm an@ K and a mewswﬁarable
maam oP Q&b3&ﬁh@@ uoﬁk Qn thiw aﬂbjmén haa aaaumwiaLaﬁ during

nha 1&%% mww dﬁﬁ&ﬁ@ﬁa

JALL Lhm a*f@@ta aP the V&watvum ajmalmid% on Lamiaa@ﬁ
g
tissues a@@=mma1f a 1n Bome Way- b§ &JL@& tions iﬁ*uheyﬂﬁ
‘ 5O S
&enn@nﬁyﬂbiem of ﬁhafbamhimg m@ﬂwum,;“‘rmﬂaﬂ«@fﬁaéta can

e ml@awly d@m@u hvata@ iﬂ\th@ isoletod heaw*"pﬁemaraﬁiém’
:um wlkal@i&@ show a eavﬁieﬁ@nie @%igé ;
@imglar tm that %h@wn,by Lhe @ar@ma@ “3y®DFi@v$a In
-he&f 3 Wh?ﬁh hav& h@&n mads ﬁvpmdymmmla by parLumian wlth

T

Go— free R:s.ngmﬂm wlm,g,w Lm mcmm,m of the active '

lkulaiﬁa mﬁ the ?@yatvum %y%ﬁl@ @an Pmﬂswra the beat @f
B i

o
the heart aovnammaih 0 L3 The ﬂav@i@pmﬁnm of capdiac
iﬁr@ﬁulaﬁitieég n@wav@rﬂ aahimvaﬁ by ?$w+'lﬁﬁk ORCUrE More
Creadily Lm the Qfanemc@ of weratrine. & These resulig
i ke . .
indicate that G . and tﬁ& Vore twum aikmlg;dﬂ have oppos is@

eftects nn uh@ @xﬁii&tﬂﬁy Q?ﬁ&@ﬁ&@@ buh &&milaa effeots

on the prm@@a&@&nimvmlvaﬁ in gsontraction,
” ‘ ' e

In nerve and musele preparations Ca  markedly

antagonizes/



antagonizes the eflegis of veratvine, the wminimal

g
veratrinizing ﬁQSﬁ varying with the Ca convent of the
17’ I ude
bhathing medium. Laclk of Ca genervally reduces the

175
gstability of cell membranss and yige verss. Lammn

.‘.....,..

demonstrated that Ca lack may prwduee axn eff ct on frog

musele gimilay to that produced by veratwin@.

q;-v
A.h- B

In ddltAOﬂ to the amtago&i@m shown between Ga
nd bthe V@ratrum alkaloids on isolated prep@rmt¢mn@ of

nerve and mugcle the maﬁhed antag@n?%m to bhe offect of the
e

alkaloids by Ca- an‘the-intact animal hag been demongtrated.

The elicitation of the Bemold=-Jerisuh reflex by the Veratrum.

. #4101
alkaloids can be preventsd by pre-treaiment with Ca,

The Tindings alfeadyQpraaénteé-inﬂicat@ that the
meintenance of membréne-StabilitjmiaIfaVQmﬁeé'by the
p@@ﬁenee of physiologleal consentrations of &mVT and reduced
by the yﬂ@&@ﬁ@& of the Kpra%gnm alkaloids. 1L the
ptahllity of the mambran@ iﬁ r@dueaﬂ depolarization oveours
more yeadily, and es this has been shown to be a process
involving gnanr@m Lm tne p@fmﬁﬁbliiﬁy of the cell membrane
it is quite posaible uha& the xﬂcr@aso in p?PM@@blliﬁy of
the cell to caticns followlng 1t exposure to Veratrum
alkalolds is a vesult of a decrsased stablility, and this
is pecondary to btheeffects of the alkaloids on the surface

structures/

66,



(e

@%fﬁ@tﬁ@@& cf»thgwa@ll. ﬂ?ankmﬂhawuﬁeﬁ and Hmﬁﬁk&n 'nbave —_—

«gméw »

@uggemteﬂ th&t am$mg$a Lﬂ tha G@ mmn@entraLlaﬂﬁ and ahan en

3

in meﬂbr&n& pm%mnala$9 i e, ﬁepularx&aLgamg hova mimiiax

T
effects on the qy%k@m@ aonurollkng the mmvemonbm 0& Ma aad
+
K  adross the membrane durzng”th@ development of tﬁﬁtﬁpikﬁi

aney have put f@rwarﬁ @vidanc@.uugg@mting tht‘dagolarigaﬁiaﬁ
, N ‘ N
iﬁ??ﬁ@%@ﬂ Na ,pmwm@&bglity by dl@pl&ﬁ&ﬂg Ga - from speelflie

parrwm?ﬁ or mitaﬁ in tha gell nmmb@ane.
* I g
A numb@r @f agemts Whﬂch u@n PPMQVG Ga ?yom solution

tby farm ng Hﬂi@ﬂl&@ﬁ,ﬁﬁmﬁlﬁf a @an pwevL&@ @gmntaneguﬂ 8‘
( o 182,183
>'aat0?hymhmic aetivity ¢a iualataﬁ q@xﬁ%mymﬁ nerve,

a similayw condltion mney %@-%%@ﬂxil vertebrate mévve ﬂuring
low ealeium tetany, T@Lﬂa@ihylgmmanimm ﬁ@ns @aﬁ yrodue@
| ‘ S17Y

gimilar responses ;ﬂanﬁfva anﬁ 1% has b@@m suﬁgeﬁied
, 180 :
by G@wan and. Waltaf thet t&x% @flagb is ﬁu@ te the

s

cmmp@*itxve antaganiam betw@en %h@ two lons at %h@ qurfae@

ol th@ nerve membrana.= V@fctrin@ h&ﬁ bee 2 ahown to

1nﬁf@aﬁe the t@ndeﬁay @f m&tm? zx@ma L@KPﬂ 1fom cfﬂﬁ%amaana' ~
131,181 1@2

to exhiblt @pmﬁtameaug aatﬂv by &ud show Pﬁpﬁtitlve &iachargﬁm.

Th@M@ phenmm@nﬁ ara alm@a %dent Lcal in ay@@apaﬁ@@wdm those

demonstrated as @eeurming iﬁ aenaary nerve fibres from the

: 91,93,
cardl acwpu?monary vegimn af mammala, .

No @viﬂ@naa aan h@ famn& to Andicate that tne Vavatrum

R SR N

‘alkalmia /



et

“alkalolds can ﬁmmbinﬁ chemically with Ce ‘ ané due to

h@}r laege mm1@§ulﬂ¢ it @eemﬁnmnlik@ly tmat;%hay QompeLe .
divedtly with Ca 4‘mt'ﬁhe regapbor altes., - fordon an@,Welﬁiﬁ
h&va augg@%ﬁ@a %hat the alkaloid may become aﬁéﬁrb@ﬁ‘at or
neae tn@ surface of %hﬁ ﬁ?@?@ axans Bhius @@GV@H%&RS uh@
normal reaction of G&% wilth thm}gurfaﬁ@ w%rmetur@@.

I thie hypgﬁhe@iﬁ ig correet 1t will Tarnish an
explenation for the observed elfocts of bhe ﬁggﬁgggg
alkélbiﬂé upon ¢ellivlar permeability and the electrical
ahémgam produced ag a conseguencse of these,

The enhanced @&@ﬁllaﬁﬁwy behaviour which follows the

axposurs of ar&hr@nmd axmnﬁ Lo vwwaL?inQ nag - @@en @&piq%ned
127
by Shanes ag b@ing due ta ﬁh@ lnmﬁ@aﬁing disglaeem@nﬁ of
oo
Ca ﬁwam the m@mbvan@ by suceessive memlﬁ@ﬁg & Process

which may be ﬁ%V%r%@ﬁ during vest. He sugpested that the
%IGW‘?ﬁpﬁlafiﬁﬁtiﬁn ?mllmwing veratrine i @u@ Lo &
ﬂ@lay@ﬂ regaloification anﬁ @mnaagu@ntly @ QﬁQJQﬂgPQ

ﬁﬁauvvbAﬁac of imnia pmﬁm@abilﬁbye

Th@ @ﬂgg&&bi@n put forward by’ﬁﬁaﬂkénhﬁﬁﬁm@f and
1;6
Hodgkin taat Gﬁ exists combined with & Na ﬁafﬁlﬁﬁ
Aeshe

wyaﬁ@m and that depola rizatzmn roleases whe bound Ca

and/




o ‘ ‘ o E '&" N
and - mak@@ Lh@ &ﬂﬁ?iﬁ? ay&bam &f&llab?w fer %a transport,
: 10 ‘eu
fitq An wﬁbn the aﬁnﬁlw%iana dﬁawn by %traub . that the

&

_%new m & in Na. p@fMﬁ&hll ty is a- T“&H]t of alt@rétimné
S
inAth magmﬂl pﬁmﬁﬁm% mf Ga hiﬂﬂ&nﬁ by th@ m?mhﬁan@s
- 183 , .
W@l@m&ﬂﬂg fas thm rwawlt @P %twdie& ﬁﬁ@@ on th@ @Ff@a

of waabiliz%ﬂg @g@ntﬁ an the ?urﬁlng':“igf@m of manmallan
'“nh@ﬂwbwg hﬂﬁ %ﬂ?ﬁ@&b@ﬂ that Q%%?fwmn aliav the egquilibrium .
mba%% mmﬁmalﬁy @xi@zin ha&wewn th@ hf%@ &@aﬁem mf the m@a
¢afr3ﬁng y%t@m @hﬁ&ﬂﬁﬁ@ﬂ by ﬁaﬁgkim &nd ﬁu@imyf A, uaiw
system cua Naﬁ aaryiﬁw @xl&u in Lar&@ iOﬁm g an aa' Ve
ptate in whigh th@ m@mbrwnﬁ p@fmeabeliuy to Na . im high,

a rﬁﬁbl&t utﬁte i wﬁ@g@_th@'ﬁmf Uﬁf&@&blluuy is 1wabut

| @amlb@-walﬁea‘bytﬂ@mwlariﬁ&tiahg and an inactive state in

‘ ~hi@h tn$ p@ﬁm@ﬂbil ﬁJ r&main TLoW, W@A&mwna %w&gbﬂb@&
: e : "

that Ca can phift the equilibrium in fav@uf of the rmﬁsing;“' 
fﬁuatus ahzg @ff%@i unulﬂ We o pr@@uﬁa & ﬁ@@f&&Sﬂ in @Yﬁibm

ﬂﬂill%y», %araub au&ga&tm &hai the gggmﬁrum mlkalujam can
. s ele E

‘;aat hy ﬂﬁtagohiﬁ;n@ th@ @Ff@¢~ nf Qa ‘?nd v@vmuwlnp anc
g3

fm?m&tiﬂﬂ of the ﬁa ca wr

‘E» fmte

ev &n ﬁﬁ aatlv& Mbate witﬂ &
meﬁ&@qv@nt inﬁv&&¢@ in &ﬂ pwrmeahillky anq L: f%anﬁﬁnﬁyg

"ta ﬁuvaigm ﬂpmnuanammﬂ PapﬁtibiVQ»ngﬁlﬁwﬂ Ln thm n@rwea

Thm-ovlﬁena@ ?@V§®W0d hgr@ ah@wa ﬁﬂaﬁ &lthaugh tﬁ@
1ﬂatugi mwehan&um by whlah the Varmtwum @ikaLuiﬂﬂ eliclt

th@iﬂf



-

other ions in Pacinian ﬁam@uﬁﬁlﬁﬁa

Th@&ﬁ uhar&@t@ mmhi@ @fﬁ@ut Gm n@ﬁv& ﬁﬂﬂ muP@LQ i mtill

Do ﬂu&ly nﬂd@%@twﬁdg mmvh m@w@ ia now Known . tm@n when the

&ubj@cﬁ was . a%t f@ﬁé@W@ﬂ in mull. bs yet no wgrﬁ ha%

been published on the in@ima%e~w@1@%ianﬁhiﬁ Eétwa@n the

Veratrum alkaloids and ions, an e gwmbabl& s?t of Gheir

»

&h@”ﬁm@u ic act iom R @@ﬂ&@?yvn@wv @uﬁ&ng@@ {&n

\wm\

zﬂdjﬁatlan ef the - ﬁuffiuulti@r a&anvﬂiug Ln gltudies mf the
4

typ@& ig geen in a-w&@anﬁwpapﬁv on ﬂ@ ‘movement wf Na and
o ' - - o 184 ,

Tn@ mﬂia @T?@@L of Lu@ ngaufgﬁ -1%&101&@ nwuu 1&03@5@&
n@rVﬁ meoms Lo be at the pwiat an Lh@ wai%dble mpmbvon@
Ce Al
Wh&fb Gm is bound. As &~@@amlt of a1 1mtwr?@r@m@¢ in

thim 9?@@@ g the ﬁ@Wm@ahziiL' of h@ m@mufaa@ EQ‘G&tlﬁmﬂ“aﬂﬂ

pBOB &ibly dﬂi@ﬂ ﬁyfbe im@ﬁﬁaw%ﬂ.giV1ng vise bo the

ohwraaﬁari%tiﬁ b&@“&lé Lrne ezang@m,

Slhis process may n@tg however, oceur in obther tissues

‘iﬂ'whiéh ionic transport is known to take place, @.f

ﬁqgﬁrﬂﬁyﬁﬂﬁ axd ﬁtr¢1ﬁ@ﬁ‘mﬂﬁﬁla ‘and cautlon must be ' observed

%n &yplying a@a@iua ou& ra&ahwﬁ Prom the study of one

@xmitabiﬁ system Lo anusa@r AHﬂGLiﬁmé Lly different &yatema

z‘ﬁmgmwlm .}L*f:;’;“fﬁézi.fﬁ. c;;f:‘- tmﬁ Xﬁ;gi@@ﬁg@'.(wﬂ.lm'lmzigdﬂvr

‘Th@ aleaaﬁaphyazalmgiual changes b?mught ﬂb@ﬁh by the:

‘if{:a rat vwn/



E

[ Lo

Ver st*mw ﬂlkatﬂlﬁﬂ m%J me due tm 2. LﬂLGPf@PGﬁP% with some

e mww..k T

mvbabmllu p%ﬁeanh oR Lho m@li uh¢cn 1& f@ﬂ@@n&&ble for the

majntouanc@ of noamﬂ1 QGLJmMﬂw &btfvi&y'bﬁ% ﬂL the time of
'~

e

'wriﬁing this Lne RRCE 5o 6V3&@naﬁ off any enzyme ivhibliion or

Cactlvation by amy of uh@ Veratrum alkalolds has heen

published. L o
. _ 185 : ; , ,

Hoehwitt and Gasser reported bthet dn a veratrinized
nerve in which a markedly augmented negatlve after potential
vas pﬁ@sent nerve volleys at 2 per pecond led to a higher
oxygen consumption bthan 3?0 n&wv@ volleys per § ﬁnn@ a

non=veratrinlzed nerve,

. . : 186
Uslog slices of gulnea-pig cevebral corbtex Wollenberger

hag shown that & mixture of protoveratrings A and B ptimulated
esplration and aerobic @lycolyaia ama‘d@pﬁaﬂmea anaerdbic
glydﬂlygiﬁpAboth of Lh@&o datimnﬁ could he antaganisua hy

J@mal aaaesthat% aes. Lb o is of lﬂﬁﬂrﬂ%b ho pmt@ bhed Inereass agya
4.

bh memrnai K concentration can. also inerease yeapira%i@n

and -depress anaervoble glycolyalis,

, 108,120,112
Regent situdles : - with o variety Qf matabolic

inhibitorm aneiv@int 2% lwd*&iﬁ?ﬁph@mol KLRD ;oamaﬁ@ﬁic acld

ang ﬁaCﬂ and QBSG ihp affﬁﬁb af an@mg hava ﬂﬁuwn that the
V@?&w”iﬂﬂ @fﬂpwt aa nerv@ and mumale ig nam mmgulfﬁunnt1y

alf oct@a by any of Lnoqe za@torm.

Phe/



[

The increase in oxygon uptake by %h@ nerve and by slices
ot %hé agorebral cortei can bhe explalned on the bﬁﬁis that
ﬂu@.ﬁm the reduction of th@ avabllity of tho cell membrane
by the VYeratrun alkalolds pr@vimnﬁly degeribed, the éxtra
work must be done by the @eil‘tw maintaln es nearly ag
possible ite normal resting stete and thus nore énergy is

expended with a corresponding increase in oxygen uptake,

The experiments showing thel nelther an atmosphere afo
ni%rog@mvna@ blocking wﬁyg@n'ﬁwanmpmrt hy'amdium ayani&elmﬂ
have any affeéﬁ,@n the response of musele fibres to
veratridine make it uniikaly ﬁhaﬁ Tha alkﬁlmiduacta by

interferonge in oxidatlve metobolisom,.

_ 137 '
Grupp hap demonpiyated that the Yewrsbrum slkalolds

have no effest on acetylcholine metabolism and ihe resulis

‘ : 120 :
obtoined by Witt and Swaine with 2ih-dinitrophencl and
iodoacetlc acid make it highly unlikely that the alkaleids

affeat elther laetic aald formation oy the coupling of

oxidative phosphorylation in musele.

From the work deseribed it seeums unlikely that the
Verajrum alkaloids exert thelr characteristic pharmacological
actions by interference with the geneval metabolle functioning
of the ¢ells bub more probably act by af’fec‘:-{:ing a specialised

aystem exisbtiag at cell gurlaces.



&,

From a sonsideration of the ol ?@VE@W@& in %hmme pages it .o
W&@«@Qﬂ@lﬂ@%@ thatb mumh.mww@_musﬁ_3@t,ga"done b@f@r@ aewiﬁviﬁg &

fuller undergtanding of the precise mechanism by which %the

- Verstrum alkaleids produce their characteristic pharmacological i/

affealts.

The graaﬁe«t gap in our kn@wi&ﬂ@@ ﬁoneéﬁﬁ@ the intep-

relati onshi (el b@twwwn the vailmus m@%aliic oa%imma in pawtiauldr

s s ....A. '

ﬁa o K ond Ca, - aﬂﬁ the Voratrum alkalolﬂmnv From this tn@

gueation aﬂlﬁea ag Ho wh@bhow the @yaitafaon of Y aensory rmw@ %9% ”5

and Lh@jA@BSTtdeLADﬂ Qf &LWiau@& mu@e3a (1] hh@ atimulenﬁ a@ﬁlom"
'8
@f X pf@ﬁﬁ&@d by Lhe VGwatwum 1K&10ld& ¢uVQ3ve Lha &am&

esellular m@chaﬁiﬁm@h

.- 4"»
of K

The invcaui‘ﬂtxun& ﬂ@aeﬂibad iﬁ uhi@ ¢h9$lw were unﬁewcak@n',,
. i ‘i’ o . "5"’*5“' g \;N

with a view to clarifying %ae ?@l&tl&nﬁhﬁp%‘b@$W@@m K, aﬂa Ca
and the Veyaawvm dlkﬂl@iﬂﬁ.f $hﬁ‘@kpvw1manig wer& plaﬂnod bQ
deteriing uf th@ V@p@t@u@ &1&&1@3@% altmrwﬁ %h@ diwnfﬁbutﬁeﬂ of

&
i h@hwaam tna @@ji and ite @mviranmwnt in %Qﬁﬁ@ﬂt?it*@ﬂ% Whlﬁh

- were sufflcient to sensliize mmgﬁla m the &&imuWth aat on’ @f;~"’

s

8 ] and to f;nﬂ out whac @thsw anamga in iQﬂl@ diat@ibu%ianlhﬁ
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The sommon chemical symbols for the elements have also
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MAGTOLramnG,
nenogramne (1077 gramne)

millicguivalent.

microeguivalent,

s millicurie,

wierorurie,

degrees cenitigrade,

Gentinetre.

1itre,

Willilitre.

been used throughoub.
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CHAPTERR 2

BXPERIMBNTS CARRIED OUT USING A PREPABATLION
OF I80LATED FROG SKELELAL MUSCLE,

q 66,189
Baaqg in 1939 was the first to demonsirate thet
1

low concentrations of veratrine (0,5 to 1 mpg per wul,)

ingreased the regponse of Lrog skeletal mumele to the
o 137
stimulant effect of K, Goutier uEing a nuwnber of

purified Verastrum alkaloids has shown that they cen also

o

sensitvize Lrog wuscle to K.

Both striated and swmooth mammallsn musele sexbiibilt the
189
game phenomenon but the effects are more Jdifficult o

reproduce than with frog skeletal muscele. In order ?Q obtain
a elearer picture of the relationshlps between the Ka and

+
Gm+ in muscles,o number of expeviments were perifovmed in
which the Llofluenece of varylng the concentrotions of bolh

of these lons was studied,

Mathod

AT TR

Common frogs {(Rana bLempovaria), unselected ssto age,

welght ov gsex were used, The animals were rendered genseless
by & blow opn the head, rapldly decapitated and pilthed.

Cotton threads were atlached to sech end of wne rectus
abdominis muscle and the muscle dissceted out. The muscle
was suspended in an isolated tissue bath of 10 ml, capacity,
by attaching one thread to 8 glass oxygenation tube and

the other end to an isotonie frontal polant writing levewr,

giving/



piving & megnification of 1 to 6. The load on the muscle
wap adjusted so thalt the muscle wag strotched o the same

gxtent ag belfore dispsection,

The bath was filled with Frog Ringer's solution ow
with a modiflcation m?-f%wg Bingev's soltunlon in which bhe
amounts of $&¢4 and X fed been elther varled in order to
reduce the eoncentrations of thege lons o one hall of
shat normally present or omitted sltogether., For detalls

of the compositlion of these solubticns goe the Appendixn,

The musele wap cauvsed o contract by adding a
sufficlent volume of B per sent W'y gw%&amimm'@hlariﬁa
golution Prom a 1 ml. greduated tubsreulin pyringe. In
order to be able to demonsbrate the sonsiitizatlon
satlsfactorily it wap necessary to produce only a small
gontraction, the amplitude of & suliable reoowd bDelong
Between G.85 and 1.0 ome The senplitivity of the tisouves used
varised eonsiderably but o dese of Lrom O.1 o 0.5 ml, of
the BOL solution was Lound to sufflicee in wmosb @ﬁyﬁwimamﬁﬁ;
Gome difficulty was experienced in abialinlng vniform |
contractions but in all ¢xperimenis at leagt two
contractions of the same helght werve obtalned belore

proeceeding with the additlion of the alkaloids,

o
The contvection o K developed rapldiy and usvally

reachad/
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reached o meximorm within 30 geconds, and on washing oud
the writliog point reburmed to the bags line within 90
peconds enabling the UL soluition bo be added at 3 minute

intervels.

In the eprlier experiments o mixturs ol protoveratrinss
A and B (henceforth veferred to as protoveratring) was used,
but in later sxperiments pure protoveratyrine A was used,
hoth drugs were added as thely hydeocblovides dlssolved
in digtilled walter. Afver uniform eonbtracticns had boon

obtalined, protoveratrine was added to give a Tinal bath

{

conoentration of between 0,1 and 1.0 ug.per ml. The
drug was left in contact with the muselse for 15 minutes
then withoud waphing cut, ithe seme dose of KUl usod

previously was added and the contraction recordad,

Resulbs

—.WWWM AT

The musclosn of "winter” frogs were more sensitive o
e

the ¥ sengitising action of protoveraltrine then were those
removed from "epring® or "summer" frogs. In the Pormor
gage cuncentration of Uo1 ug.per ml.were used as a
sonsltizing dose but for the Tsuvmmer” frops 1% was usually
necessary o increase this o 1 pg.per ml. Ho disgtinction
sonld be mads between the senslilsing offects of
peovoveratrine A and the mixbture contalning bobh

protoveratrine A and I

Thas
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The oxpopure of the muselesn of “winter® feopn o

protoverctelose A An o coneentreation of 1 G por wnl. gave on
average locrease n the holght of tho pasponsa W 'y oE
L8000 par eent. Hoduolng toe cohganbiailon of protovoratrine
A& do God up,por mnd, pesultied An o moan popoontops Laersfing
of G975 por cont.

Yhe degreo of soenoltizrtlion produced Ly 1 ugepey ml.
of protoverateine A dn "svmeer” frogt ves mueh loss end
the hedght of sontreobion produced by GG aclutlon shoved
piy BURTRSe insroase of TO pop eent sPter 1Y% alnnion oxpoourd

b bhe dug.
P e
Seduebion of the Go  contont of Gis bathlne sodutdon

EERAISE PR MR vutm R N e ex

Wher the nopesd Binger®s selukion wes rodlooed by o
%”‘im
pimilar soluition in whdoh bhe Lo aortant had boon

4

roduead Lo wne helf, thoe dogree of sonelélsetion produosd

Y 3.

by the protovsrateine wvas merkediy onhonged. 16 wes

agpeseorinately dopble that whloh won produced in bha nopnal
% d‘
finger s solution bul complete omismion of Oo  Oeom the

-

Dathing fiadd 414 not bpwever dand o ony Purdtiher ineronao

An the sonsldizption swoduoasd by the 30

Haduation ,«.fa,smizz “gonbont of the hatbing, solab

-y'ga
The sonpltisation o & by protoveratying & wag

ganoyally/
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Fig. }C

Effeot of altering the ionio oompoeition
of the bathing fluid on the sensitization to K
of frog reotua muscle produced after exposure to
protoveratrine.

At 1, 2, 3, 4 and 5, protoreratrine 0.1 ug
per ml added to the bath and allowed to act for
15 minutes.

From A to B and £ to F Muscle exposed to
normal Ringer*s solution.

From B to C Muscle exposed to Ringer*s
solution containing half normal Ca

From C to D Muscle exposed to Ca free
Ringer*a solution.

From D to R Muscle exposed to K free
Ringer*s solution.

Time trace 3 minutes.
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genexally rveduced by weplacing the noymal Ringer's

1)
wds
¥

?.

&o

gedution by one ec.ntainlng half bthe novmal guantlsy of
The vogponses tended to be ireregular and th@gba&@ Lline
a:;'a wfin
Preguently vose in the low ¥ solution. In X f£ree Ringer's
solution the K‘ pensitising effeet of protovevatiine wag

pomecines gompletely abolished.

de

The elfects produced upon X gsengitizsation by
provovecratrine & Dy ﬂ&burfmh whe lonlc eomposition of the

bathing flndd are shown in Pig k.



o ey -

BEPLRIVENTS USING PREPARATIONS OF IB0OLATED,
MAMMALIAN , SHOOTH NUBCLE.

Hany of the pharmacologileally active eater alkaloids
off the Versairum specles have besn shown to heave little or
noe effect upon the typicel phermacologlcal achbions of

50
acetylcecholine, adrenaline, histemine and onxytocin,

Since most of the previepusly published work on this
agpect was cavried out wvsing impure alkalolids or mixitures
off alkaloids, a number of preliminsry experiments to
agscertain whether these earlier Lindlngs could be confirmed,

were carried out using a pure sample of protoveratrine A,

LIn addlition to the physicloglecsl agents mentionsd
above the effect of protoveratrine A on the stimulant action
of 5 nydroxytryptamine (5 H.T.) was studied. Fo reporis
of any relatlionship between the Vepaitrum alkaloids and thils
interesting pharvmacologlically active amine heave so fap

veen published.

Protoveratrine A has & dlrect stimulant action upon
smooth muscle in conceuitrations of the order of 1 ug per
59,130, . ‘ .
ml. Brxperiments were underteken wlth a view to
substantiating the sarlier reports which elaimed that

protoveratrine A showed no antagonlsm to the effects of the

neurohumoral agents cited above.

The/
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The ezperiments were cavried cut using as test objsctis
the lgolated Lleum of the guinea-plg, the isoclated duodenum

of the rabblt and the isclated uterus of the rat.
Methods

Integtinal segments were removed from the gulnes-pig
or rabbit after it had been killed by a blow on the head

and exsangiinated.

A segment of intestine approximetely I om. long was
taken from the ileum proximal to the illeo-cascal Junction
of the guines-pig, and from the reglon about 5 em distal

to the pyloric sphingier in the rabbib.
b P

The uwtevrine tissue was cobtained Trom young virgin
Temale rats which had been brought into oestrus by the
subcutanceus Injeetion of stilboestrol, 1 mg.per Kg.of
body weight, administerved 24 hours before the start of the
éxp@rim&nt, One cornua of the uterus was wged as the test
object.

After cleaning, the tissues were set up in 2 ml or
5 ml, organ bathsg by means of cotbon threads attached to
each end of the segments. See Flg. 5,

One end was fastened to a hook fixed vo the %@tteﬁ of the
bath and the other to a counterbalanged frontal polnt

wedbing/



UlJe

writing lever having a magnification of & 3 1, The

contractions of the muscle were regorded upon a smoked

agurface in the conventional manney,

Contractionswere induced in the tlssues by exposing
them to physiclogical sclutions containing a concentratlon
of stimulant drug which was gufficlent to cause a
submaximel contraction, This eccncentration was determined
by the manvpal additlon of the stimulant drug in a gueantity
guffiglent to produce the required response, The final
bath concentration was caleulated and o stoel solution of

this strengih wes made up in the physiological saline used.

The tissues were exposed bo the drug solution and
washed out suvtomatically. The drug was added at latervals
of 3 minvtes and allowed to sct until the maximum response
nad developed which was usually within 30 sesonds. At
the end of this period the drug solutlion was washed out
of the bath. These additions wers perflormed avtomatlceally
and the bath was filled to overflow by bothh the drug
containing solution and the washing solution. These
procesges were controlled by means ol an eleectrlcally
operated control system. PFor detalls gee the Appendii.
The organ bath and heaiting colls were immersed in a
thermostatically controlled water baih malntained at 3590.

The/



The bathing sclutlon had a pi of 7.4 and the solution in
the bath was continuously oxygenated and stirred by a

atream of oxygen bubbles,

The physiological solutions used were Tyrode's
solution Ffor experiments carried out using the gulnes-plg
ileumn, Lm&k@’@‘ﬁaluﬁimn for the rabbit dunodenum, aond
De Jalon's solutiow. for the rat uterus, The composition

of these solutions is given in the Appendix.

When a conptant respounse to the stimulant drug bad
been obtained, a solution of protoveratrine A in amounts
sulficient to give a final bath concentration of betvween
10 ug.and 1 uvwg. per ml, was added by hand., The solution of
protoveratrine A was added from a 1 ml. tuberculin syringe

60 geconds before the sddition of the stimulant drug.

Ixperviments were also carvied cout in which protoveratvine
A wae used to induoce contractions in the gulnes-plpg ileum.
This tissue was Tound to be very sensitive to the sbimulant
action of protoveratrine A and concentrations of 10 ng. per
ml, were somebimes sufficlent to produce a eontraction, butb
the usual concentraltions used were Os1 ug.per ml or L ug.

per ml. which geve a responge of B0 per cent of the meximal,

1 additions of the drug were madeat 3 minute intervaels

pachyphylaxis/
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tachyphylaxis rapidly developed to the stimuwlant actions
off protoveratrine A,bul reproducible responses were
obtalned i the time interval between successive additions

was increased to 6 minuvtes,

A mumber of workers have ghown that an excess of calcium

b

ions (Ca )can antagonize many of the pharmacological
actions of the Versyrum alkeloids and the evidence for this

hag been reviewed in the introduction to this thesis. The

oot

antagonistic action of Ca o the spasmogenic effect of
the Veratrum alkaloids on smooth musele, however, has nob

g0 Tar been fully investigated.
FAEN
To investigate Ca antagonism to protoverairing A

ool

-~

luduced contractlons of the gulnea-plg lleum, exceps La
was added to the orgsan hath as a solution of calclum
4

chloride, and the total Ca  added celeulated in terms of

microgrammes of the lon per ml,

.35.
-

In some experiments the eifects of adding Ca 30
seconds before tiae addition of the protoverairine L.
were studied. In obther superiments the protoveratrine A
was added first and the contractlon allowed to develop ©o
a maximum, the drug was not waghed out, aud this led to
oo

the establishment of a plateau. Ca was then added

whilst/
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Fig. 6.

Effect of protoYeratrlne on histamine

contractions of guinea-pig ileum.

At A. 0.4 ml control solution added

B. 0.lug per ml
C 0.2ug per ml
D. 0.5ug per ml
B 1.0ug per ml

of protoveratrine
of protoveratrine
of protoveratrine

of protoveratrine

induced

added
added
added
added

All contractions due to 0.1 ug. per ml. of

histamine.
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whilst the muacle was in a state of contractlon,
Hesults

Experiments on the Gulnea-Pig lleum

ffhen protoveratrine A was tested Loy antagonism o
acetyleholine and histamine~induced contractions of the
guinga-npig il@um’n@ evidence for eny antagonigtlic action

could be found,.

Concentrations of 0,01, 0,1, 1 and 10 ug..per ml, of
protoveratrine A were used. Although concentratlions above
0, 01 ug. per ml, frequently had a direct gbimulant eifect,
this stimulent actlon was never followed by an depression
of the magnitude ol subsequent histamine oy aceiylcholine~

induced contractions.

A typical irace is showa in Fig, 6.
At leaslt Tive additions of protoveratrins were made ab

gach dose level,

The physiclogical state of the tissue seemed {0
influence the effect which protoveratrine A had on 5 H,7.
induced aen%raetimnﬂg i.g.when the gut was compavablvely
fresh, 6.g., after 1t had been expossd to doses of 5 H.7,
for less than an hour a small dose of say, 10 ug.per nl of
protoveratrine £ added 60 seeconds before the addition of

the/



L

- .
f,
s
L T
B T N
. s
. s
- -
N -y
.
" - cow
I
s .
- tm

e
E
-
-




Fig. 7.

Inhibitory effect of protoveratrine A on 5 H.T.

induced contractione of guinea-pig ileum.
At A. addition of 20 ng per ml of protoveratrine A.

Contractions due to 10 ng. per ml. of 5 H.T.



the 5 H,T, produced a marked contracition dus to a direct
agtlon of its own., This contraction usually masked the
subsequent direct stimulant action of the 5 H.T. After
washout the musele returned to 1ite normal length but the
puceeeding addltiona of § H.¥, gave rise to a smaller
contraction than those produced belfore the addition of
protoveratrine A, The normal control height of contraction
wes ugually reached after about three furither additlons Qf‘
5 H.T. See Fig., 7.

The addition of the control scluitlon had no effect on the

ragponse of the musele to the stimulant action of 5 H.T,

After a perlod of more than an hour during which 5 MU, 7T,
was added to the musels at regular intervall, the helght of
contraction usually deereased slowly but became constant
again with an amplitude of contraction lower than that
previously reached. UWhen the tissue was in this condition
the addition of a dome of protoveratrine A(@hich had
previously produged a direct effect followed by an
inhibition of the H H,T.~lnduced aon%wae%imﬁ% produced a
plight contraction followed by a sengitizatlion of the
musele to the setion of the 5 H,T, This direct effect was
less mearked than in the fresh muscle but served to

potentiate/
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Fig, 8.
Sensitisation by protoveratrine a to the
stimilant action of 5 H.T, 1in guinea-pig ileum.
At a. addition of 10 ng protoveratrine a,

Contractions due to 10 ng. per ml. of 5 H.T.
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fig. 9.

Sff.ot of protoT«nitrim A on oxytooln iadaeed

contractions ofthe oastrus rat uterus.

At A. 0.4nl control solution added.
At B. 1.0|ig par ml of protoveratrine A added.
At C. 0.5|ig per ml of protoveratrine A added.

All contractions due to 0.02 i.u, per ml.

oxytocin.



potentiate the effect of the & H.Y. On washout the musele
returned to the original length but the suvoceeding
addition of % H.%W. also gave rise 1o a contraction the
height of which was greater than that developed befove

the addition of the protoveratrine A, This is clearly
ghowa in Fig. 8.

The degree of both sensitization and lnbibitlen shown by
protoveratring A 1o the stimulant action of 5 H,T. on the
gut varied considerably, 10 ug.per wml,.of protoveratyrine A
in fregh tissuves gave an inhibition varyling between 20 and

70 per cent with a mean value of L8 peyr cent. The degres

of sengpltization showun by semi~fatigued tissues alter 10 ug

per ml.of protoveratrine A varied from 20 to 80 per cent
with a mean of 24 peyr cent. When this dose was doubledtho
mean percentage increase was L8 per cent. The control

solution had no effect.

Bxperimenta on the ral uiterus

RO Ke T PR TR

Protoveratrine A in doses of up to LU ug.per ml.had no
dirvect effeat on the rat ulterus but in concentrations of 5
and 10 ug,. per ml it reduced the helght of oxyilocin-induced

contractions, see Pig., 9.

Bxperinents/




95.



Fig, 10,

The effect of protoTeratrine A on the inhibitory
effeot of adrenaline on isolated rabbit duodenum.

At A. addition of 0.1 ug per ml of protoveratrine A,
At B, addition of 0.2 ug per ml of protoveratrine A.

0.5 ug. per ml. of adrenaline was used to induce

relaxation.
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Fxperiments on the Rabbit Duodenum

The spontansous contractlons which cocecur in rabbli
duodenum may be inhibited by the addition of small guantities

&

i.6.0.2 ug.per ml of adrenaline, The reduction in tone of

the muscle following adrenaline is rapidly abolished on

washling.

It was found that the addition of 0.1 ug, per mi of
protoveratrine A prevented the development of the response
to adrenaline, Larger doges gave an even greater
inhibitlion of relaxation and algo had a dlyect stimuvlant
action of their own. The effect of thisstimulant action
was minimised by adding the proloveratrine A 90 seconds
before the addition of the adrenaline, the c¢ontraction
produced by protoveratrine A was usually only transient
and normal tone was regalined prior to the addlition of

adrenaling.

- The effect of 0.5 and 1.0 ug per ml of protoveratrine

A can e seen in Fig. 10. which shows a typlcal trace.

Three addltions at each dose level were mode and
although the degree of inhibition varied the sifects
produced were gqgualitatively similar, the control solution

had no effect,

efmeds

The Bffect of Ga  on Protoverabtrine Ae-
Induced Contractions of the Guinea-Ple Ileum.

Protoveratrine/
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fig. 11.

Effect of Ca on protoveratrine A induced

contraotiona of guinea-pig ileum.

At Pv - 0.1 ug protoveratrine A added.
At Ca**- 1 ug per ml of Ca”” added.
At W - Bath washed out tvioe.

Time trace at 1 minute intervals.
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wy, -

Pretovgratriné A in a congentration of 1 ug, per ml,
produced reproducible responses 1f the additicnswere made
at intervals of 6 minutes and the contractions were well
maintained for a long az the drug was in contact with the
tissue. The contractlon could be prevented Lrom developing
if Ca*" in a dose of 2 ug per wl was added elther before
the addition of the protoveratrine & or by the addition

.sn-ia

of both Ca and protoveratrine & Lrom the same syrinpge.

hile a protoveratrine A~induced contraction was being
gt .

maintained, the addition of Ca  to the bath caused a rapld
reloaxation of the muscle and a return to the base line,
Any sllpht spontaneous actlivity which wag present in the
musele was invariably sbolisbhed following the additlon

;}-n%.
of Ca +to the bath.

ke
It was noticed that when Oa was added to inhibit the

protoveratrine A induced contractions, the gubsequent
washout always caused the development of a conbraction of
the muscle which maintaimeé an increased tone accompanied
by an increase in gpontanelity. [Freguent washes were

neacded before the muscle returned to normal.

These effects are shown in Plig 11. which is a

trace obtained from a typlcal experiment.



CHAPTEY b

EXPRRIMENTS UPON_INTAGT RABRITS TO DEVERVING
THR FFFECT OF PROTOVERATRING ON THE CONCENTRATION
OF POTASSIUN TONS IN VENOUS PLASMA.

In the introduction Lo this thesis evideunce has been sed
out which supports the view that one of the eiffects of the
adninistration of protoverairine and its congeners is to

Ju
cause an increase in K relsase from nerve. A geries of
experimenta was planned to detervalne 1L this release wasg
a more general phenocomenon and whether it cccurred in
sulfficlently large amounts to be measured in the blood

gmanating Crom & drug treated organ or vascular bed,

whbiits were chosen For this study because of the case
with whiech multiple blood samples gould he obiained, the

animal could therelore bhe used as its own control.

Rabbits of elther mpex weighing beltwesn 2.25 and b kg.
were chosen, all aniwmals were ln pgood condition having been
fed on o standard laboratory diet with the addition of fresh

vegetables and water ad liblitum, Witn one exception (rabbit

number onej, all the rabbits were between three mounths and

one year old.

The rabblt was gently restrained and both mevginal ear
velng made visible for & distance of 2 cm. by removal of
fur, the exposed r@gimﬁ was rubbed with a little xylone
followed by 70 per cent evhanol and when dry a small

incision/
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incislon was made in the veln by means of a scalpel blade,
the bleod was allowed to flow Lreely and then two 1 mil,
gamples of blood were collected into a gradusted centrifuges

tube containlng 100 i.v,of heparin,

The drug ¢ be tested was mede up ln 0.9 per cent
saline, and injected 10 minutes aftey the first sample was
taken, into the marginal gavr veln of the obher ear, Two
minutes after the injection of the drug, a further two
samples of 1 ml. of blood were collogted in a heparinized
centrifuge btube, and two additlional gamples were taken after

a further 20 minutes.

The blood samples were then gentrifuged Tor ten wminuies
in an angled head centrifuge al a apeed of 3,600 r.p.m. 1o
peparvate the plasms from the cells, 0.2 ml, of plasma wers
removad from the centrifuged blood and diluted to 10 mil,
with double glass-distilled water in a graduaited; stoppered;
volumetric eylindey. After bghaking well, the potassiuvm
conecentration in the gample was determined by compaying it
with a peries of standard ssmples on the E.B.L, Mlame

FPhotometer, For detalls of meithod used see Appendix.

The animalg were given not wmore than one dose of
alkaloid on esch day. This restriction was thought necessary

in/



101.

in order to eliminate tachyphylaxis and the possibility

of cumulative toxio effeatis.

An the main object of the situdy described in this thesis
was to investlgate ceriain aspects of the mechanism of the
hypotensive asction of the Veratrum alkeloids, it was Pelt
t0 be esgential to know if a hypotensive response was

accurving at the dose levels used.

Acocurate determinstion of the blood pressure in intact
animals sueh as the rabblt presents a number of technical
difficulties. In these experiments,accurate determinations
were not undertaken because the only information requlred
was whether proboveratring reduoced the bhlood pressure in

the intect ravbit in doses of 10 ug per kg,

Bstimates of the arterisl blood pressure of the rabbiis
were made ggiﬂg the method Tirst deseribed by Grant and
Rﬁﬁhﬁﬁhilﬁ‘J& who state that the sysitolic pressure measgured
in the central artery of the ear can be taken as a veliable

index of the systemic aybterial pregsure.

To measure the blood pressure in the centrsl artery of
the esr,the halyr waes shaved above the central ariery ab the
base of the ear and the tips of the ears were Tastoned
toggther with adhssive tape. The snimal wee put in @
restraining box and allowed to sit guietly Fox about 10

minutes/
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j?ig. 12.

Grant*s oapaula uaed fer the measurement

of arterial blood pressure in Intact rabbits.

A. Plan.
B. Side elevation.
a. To manometer.

b. Transparent membrane.

c. Glass window.
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minubes in crder to allow the blood pressure level o

stabilisge before taking the measuremsnts.

The principle of this nmethod is similer to that of the
sphygmomanometer, the main difference being that the polint
at which the pressure prevents the bleod from Flowing in

the artery is noted visually.

A speclially deslipned pressure cepsule, as desceribed in
the original paper, was used, see Fig. 312,
Thisg is essentlially a small cylindrical chamber which is
connected to a pregsure sygitem. One end of the chamber is
clogsed by & glass ¢lrecle acd the other by a transparvent
membrane of thin latex rubber, which when inflated is uged
Cto ocelude the arvbtery. The eylindricsl chamber ls mounted
on ene limb of the instrument, opposite thls chamber on
the othner Limb is & glass window which enables transmitted
lipght to pass through the ear and enables the column of

blood to ve seen more olearly,

The presmsure capsule was applied by slipping the ear
batween the limb of the capsule until the central artery
lay directly beneath the transparent membrane. The capsule
was then slowly iﬁfl&t@&'by means of a sphygmomamometer bulbd
until the pressure in the cepsuls was just sufficlent to
prevent the passage of bleood along the avibery. The pressure

in/
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in the capsule which prevented the blood £low was measured
by wmeans of a wercury monometer and was taken as the systolic

arterial blood pressure.

The effects of the injection of 10 ug. per kg. of
protoveratrine on the blood pressure of Lfour rabbite is shown
in Table 2. Bach figure is the mean of three eatimations
made over & peviod of twenty minuntes Tollowling the injgection
of the drug. From Teble 2 1t may be ssen that protoveratrine
produced a marked fall is systellic Dlood pressure in doses
of 10 ug, per kg. The resulis showed a mean fall in systolic

blood pressure of 27.2. per cent.

This series of experiments was carried out to deiermline

the effect of an intravenous injection of purified Yeraitrun

‘§. T
alkaloids upon the plasma B  levels of intact wrabbits,
No reports of any similar work have been published and

3,

it was felt that these sbtudies might indicste 1f sny pross
o
changes in plasma K were produced by the Veratrum
1
alkaloids. The evidence for a possible role of :i’C:i in the
pharmacologleal effect of these alkaloids has been reviewed

in the introductory chapter of this thesis,
The results of the twelve experviments performed have
been summarised in Table 3, Bach figure is the mean of

two/
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he Effects of Protoverstrine on the plasmse K of Intsct Rabbits

. -+

{pEer= Age in | Weight{ Dose| lean X levels of plasma

nent | Sex !months |. in {. ug/ mBq/1 Remarks

To.. Kg. | Kg. -

. Befere After Drug
Drug 2 mins. 20 mins.

i i a2k 5 kXs) L.obi3 3.76 3,74 No obvicus signs of discomfort noied. Some bradycardis
2 M 5 2.5 10 5,98 5.5C k.95 ditto

L 8 5 2.8 10 b U6 L.,S8 L,60 ditto

5 i 5 2.75 20 5.63 5.67 5.63 Slight signs of discomfort, retching.

6 i 6 L.5 20 b,60 5.88 L.75 Sneezing, loss of muscular tone, tachypnea,bradycardia.
7 M Y 3.1 20 5.10 5.26 5.36 ditto

8 M 3 2.75§ 20 3.58 5.88 4,80 Sneezing, muscular tremors, attempted vomiting,-

, Periods of apnea, bradycardia,
g M 6 2.25¢ 20 3,66 5.26 L. 60 Sneezing, retehing, salivation, bradycardia.
10 P 6 3.0 20 L.56 5.45 5.05 ditto
i1 M 6 2.25%1 30 L, 3L .60 4.35 Lttempted vomiting, irregular respiration and m@wmm“
, slight convulsions, bradycardia
12 R 3 2,0 | 30 L,75" 16.8 23,1 Spasmodic head movements, attempted vomiting, .
, extension of neck, follewed by loss of museular
tone, convulsions and deatih..
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+

two determinations of the plasma K  concentration.

Falrly high dose levels of protovervatrine were used in
order to produce voadlly measurable changes in the plaswms
‘;;.
K level. When protoveratrine in doses of 10 ug., per kg.
L@, a dose level comparable to thal uged clinically im.many
no marked subjective chuonges in the rabblt could he seén,
Bradycaydia was observed in two out of the four animals
treated with 10 wg. per kg. of protoveratrine. In three

.

cut of the four animals the plasma K level was increased
in samples of blood taken two minutes after the injection
of the drug. Semples taken 20 minutes later showed that
tae levels weve at or appreoaching the orlginal level in

three ouvt of the four animals.

Larger doses of protoveratrine, L., 20 ug., and 30 ug.
per kg, produced mavked signs of distress in the rabbiis.
The symptoms shown by sach rabblit have been indicated in
Table 3. The pattern was similar in all animals which
recaived the higher doses of the drug and was chavacterigsed
by & series of sywpioms which were manifested as the Loxic
eifects of the drug developed., The Lirst sympltom wasg
regtlaessoess which was followsd by signs of deflinite
discomfurt within one minute of the injection. The animals
began to sallvate freely and this elfect was freguenily

followed/
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followed by movemenis similar to the vretehling movements
precedlng vomlting whieh oceur in man, dog and other animals
after the administration of protoveratrine. The rabbits
never actually vomited although the maximum dose used per
keg. was grester than that necessary to i?ggca emasis in

man, dog and e¢at. It has been suggested ] that rodents

do not have the abllity to vomit dve to the abmence or
inherent defect of those arcas of the brain stem reticularn
formatlion which are esseéential components involved in the
gentral nerveous contbrol of the vomiting reflex. Yhe retching
movements were accompanied by tachypnea which in some cases
was succeedod by periods of apnea, which wes probably due

to elicitation of the Besold-Jarisch reflex. In two

rabbits there was a pronounced decrease in muscular tone

which prevented the animals Lrom holding thelr heads srect.

Museular tremors which were Lfollowed by slight coavulsions
occurred in twe rabbits, one of which died later., In both
of these animals the convulsiong developed followlng a period
off apnea snd i1 seemed likely thalt they were a result of
agerebral snoxla rather than of a direct stimulanit effect

uponrn the central nervous system.

Some degree of bradyecardis was detected in all the
animals treated but this could not be measured asccurately

due to the irragular breathing and convulslons,

The/
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The toxic sympltoms observed are gimilay to those
50
desoribed by Krayer and fLcheson a8 cceurring iu mice which

had been given itoxie doses of verious Yeprabrup alkeloids,

SRR
q-evn

The plasma ¥ level befovs th@l%%jemﬁi@n of the drug fell
within the range given by Spector 1.8. 2.7 to 5.1 wlo/l
in eleven out of the twelve @%pawim@ntﬁ. In all cases the

% n -
plasma K level was &igﬁiﬁi@@}ly raiged following the
injeetlon of the protoverstrine at the 20 ug.and 30 npg. per
kg, level., A& "p' value beltween 0,02 and 0.05 was found when
the differences were nompared to zZero by "Students paired
3% test. In experiment 12 the rabbit died following
4

convulsions, the ¥ level in the plasma wes very high and
the values oblained in this experiment were not included

in the statistical test.

These results show that the inteavenous injection of
protoveratrine in doses of ?Q ug. or 30 ug. per kg. produces
an increase in the plasma K level., When all the resulis,
excluding experiment 12, were pooled, the difference

N

¥
between the levels of plasma K beforve and after
protoveratrine was sbill found to be significant (p = 0,05},
Although at firvst sight the results of thess experimenis
sacm to support the ¢laim of Shanes and other workevs {far

detailed/



deteiled veference see Chapter 1. of this thenld that the
r%t
Veratrum alkaloids ean glve vise Lo an increaged K output

from cells, no conclusions can be drawn Crom these

experiments ag a laprge variety of different physioclogical
.g.

ehanges have been shown to ceusg an incyrease in the K

, 193
level of the plasma,

Because of the large number of possible sources for ithe
,.3»,
released K it was declded to attempt a determination of

possible sites for this action of the drug.

An the h@@r% and lungs have been suggested as veglons
in which the afferent fibres fop the Begold-Jarisch
reflex originate, ses Chapter, L, it was decided to try to
determine vhothsyr K* wag released Lrom the cardio-pulmonavy

veglon by proboveraitrine.

110,
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HAPTER 5

Rt SR SR Ot b

EAPRRIMENTS ON SPINAL CATS 0 DETERMING
THE_BEVECT OF PROTOVERATRING ON TAK CONGENTRATLON
OF POLASSIUM TONS IN THR PLASMA OF BLOOD TAKEN

FROM _THE CARDIO-PULMONARY CIRGULATION,

The use of rabbits to continue the study of the
4
poasible source of the releaged K demonstrated in the
previous chapiter was discontinued becauvse aneasthebtizatlon
and spinalizatlon of rabbits is more Alfflicult and resulits

in a higher movbality than it does in cals,

Cats were thevefore uged in all the experiments
described in this chaplter. These animals ave gengltlive
to the hypoiensive effeat of protoveratrine and numerous

66,67 ,66,69,
gtudles have been made using them.

Method

Healthy cais of either sex weighing betbtween 2.5 and
3.5 kp. were used in these experiments. All the animals
were fed on a normal diet of meat, fish and milk but werve

denied food on the day of the expervimant.

The anlmals were anacsbthetized by blowlng warm ¢ther
vapour from a Wolff's bottle lmmersed in water al aboul
§ﬂ969 into a2 sealed wooden box with a glags observation panel.
This method was found to give much more rapid induetlon of
anassthesia than the novaal method in use at the time whieh

entailed/
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entailed soaking cotton wool in ether and placing 1t in the
box with the animael. There was also very much less
ireitetion of the resplratory tract as bronchial secretion

and salivation were almost absesnt,

&g goon as the animal logt congclousness it was
removed frowm the anaesthetic box and tied down on 4o a
heated operating table, The animal was kept ansesthetlzed
by an assistant vhile a tracheotomy was carried ovt. The
tracheal canoula which was then inseyited was connected by
means of rubber tublng vo a bottle contelnliang a mixbture of
alr and ebther vapour. Poth carotld arieries were exposaed,
freed from connectlive tiasue snd the adjacent vago-
sympathetic trunk and then tied off below the carotid
blfureation.

The animal was plaged face down on Hhe bable and an
incgision of about 7 am. made tarough the skin over the
gervical wveglon of the vertebral eolﬁmn. The muscles
above the coelumn were separated by blunt dissection and the
gpine of the second cervical vertebra exposed, this was
removed using bone Toreeps and then the lamlinas were
vemoved in a similay menner, care bolng taken not to sever
the vertebral arteries. The spinal cord was now visible
snd this was sectioned with seipsors, AL the moment of
section the tracheal cannula was connacted to a Biarling

respiration/
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Er@spiration pump and the animal wap evytlficially wventilaied,
@@atrn@ﬁion of the cenltral nervous system was then achisved
by the passage of a probe thyrough the Lforamen magnum Lo
destroy the brain and then down through the neural canal to
degtroy the spinal cord. Bleeding was minimized by forceing
a cone of plasticine intc the nsural canal and packing the
gurrounding space with pledgets of cotiton wool soaked in
very hot sallue. The skin was drawn together and clipped
by means of metal suvrgleal clips and the animal was then

turned over on to 1its back.

Heparinized glasgs cannulase were luntrodugsed into the lelt
commnon carotld avtery and into the vight external Jjugularp
and left femoral velns., The vannulae in the carotid artery
and femoral veln were uwsed to obltain samples of arterial
and venous blood regpectively, and the cannula in the
Jugular vein wap attached by mesns of rubber tuvbing to &
burette. To replace fluld loss, 25 ml. of normal saline
was slowly run into the anlmal frowm the burette. The
gsplnalization was carried out with as 1little delay as
possible. The time baken from anagsthetization to the

completion of the spinaligation never exgeeded 15 minuies.

"5

Afver runnling in ithe saline the anlimal was lelt fo

”

90 minutes to allow for the elimination of the volatile

wla

1]

anaesthetic and for the K released by the trauvma during

the/
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the operation t0 eguilibrate with the total body

potassiun.

Samples of blood wers obltained from the carotid avtery
or femoral vein by loosening s bulldog ¢lip on the artery,
allowing the first few drops of blood Lo run to waste and
then cellecting 1 ml., of blood In s gradusited, heparinlsed

cenirifuge tube.

A1l drugs were injected through the rubber tubing
attached to the cannula in the external Jugular veiln and
were washed in with 2 ml. of 0.9 per eent sodium chloride

solution f?@m the buretita.

Two samples of blood from the carotid artery and femoral
veln were taken for conityrol purpesss before the
adniniatration of the drugs ofter the drug was injected
blood samples were taken Ifrom the ariery alter intervals
of 2 and 30 minutes. The samples were cenbrifuged in an
angled head eentrifuge at 3,000 rep.m. for Tive minutes,
then removed and 0.2 ml, of plasma withdrawn by means of
a pipetie Titlted with a rubbery teat, and then tvansferrved
to & 10 ml. gradusted stopperved volumetric oylinder and
the volume made up to 10 ml. with double distilled watewr.
After mixing well, the conceuntration of potassium lons in
the diluted samples was determined, wvsing the H.E,L, flame
photometer, DPetalls of the method of determination will be

found/
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found in the Appendix.

Two dose levels of protoveratrine were used in these
experiments and they were glven as a total dose of either
10 ug or 20 ug. The number of doses was limited to not
more than three in sach cat so as to prevent as far as
possible the development of tachyphylaxis.

Regul ts

.:.
The K concentration of arterial plasma showed a

marked variation between experiments and it was also
+
found that as the experiment progressed the K concenitration

tended to increase. Following the 90 minute equilibration
4

period the first sample of blood showed a mean plasma K
concentration of 3.66 ¢+ 0,23 mEg/Ll, after 4% hours, j.e.
just prior to the compleition of the experiment the K+
concentration of the plasma had risen to 4.86 + 1.5 mEg/1.
This steady rise occurred both in animals which had been
injected with protoveratrine and in animals which were

untreated. These figures compare with those given by
194 +
Cattel and Civin which show a wide variation in K

levels of from 2.56 to 6,68 mBg/l.
195,196,197

Other workers have shown that & marked rise
+

in K concentration occurred during the course of
experiments involving some degree of trauma and that the
+.

K level of the plasma may be lncreased fourfold under

these/
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thaege clireumsiances.

The injection of proteverairine ioto the Juguler veln
freguently gave rise to varying degressg of bradycardis,
This wes not a reflex actlon as the gentral nervons
system had been destroyed, but was probably the resuld

50
of a direct negeative chronotropic effect on the heard.

No other subjective effects following the administration

of the drug were notlced in any of the experiments performed.

The results of eleven experiments are summarlasd in
-
Table L, All Kﬁ goncenteations avre expressed as
% 2
milg of K per litre of plasma. The inereage in plasma Kf
concentration during the gourse of bhe eXperiments can be
seen Lrom this table., In some experiments the rate of
increase was greater than in others, a steep rise usvally

preceded cardiac arrest.

Following the administration of 10 ug. of protoveratrine
the blood K" @onm@ntratiu§ roge in 6 out of & samplings.
In 3 of these cases the Kﬁ level of the plasma 30 minutesn
later was lower than that of sample removed before the
injection of the protoveratrine. This indlcates thaet the
2
drug may be causing some increase in the B level of the
plagma, hen a larger dose of protoveratrine, l.e. 20 ug.
was used a similar result was seen, Out of 8§ experiments
.

q
a2 rise in plasma K occurved Lollewing the adminlimiratlion |

of/
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of the drug in 7 of thewm and in the remalning one no

“+
change was seen. Jin 4 of the positive experimenis the K
level subsequently fell to below the level following drug

adninistration,

The results obtalned in this series of experimenits
&
indicated that the plasma K level of the blocd from ithe
gardlo-pulmonary circulatlon tended to »ise alter the

injeation of protoveratrine into the exiternal Jugular vein.
-l;u

No informaetion aboult the souras of ithe wveleased K
was obbteined frowm these experimenits. Three possibllities

exipbeds~

ohs

(1)  The avug was causing the direct likeration of K
from the tissues of the heart or lungs.

(11} ‘Tohat the bradycardia produced by the dpeug led to an
lnoreased plasma K% by reducing the rate outflow
of blood in the corcnary ariteéries and ithus ellowing
MO K% o acoumulate in bthe plaswma.

(111) The drug may give vise o the liberation of adrenaling
or noradrenaline fromeither the adrenal glands or
frowm eghromaffin tissue in the heart liself, or
from both, This may lead to aliteration in the ionic
eguilibrivm between the eells of the heart and

thelr environment,
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It was obvious from these resulis that more refined
technlques were necessary to determine if the Veratrum
alkaloids as @Kem@lifieﬁ}by protoverafrine were actually
causing the rveleéase of B by a divect effect upon lonic

transport mechanisms.
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CHAFIER 6

BEPERIMENTS 10 DETRRMING THHE BFFECT OF
PROTOVERATRING ON_THE RELEASE OF BOTASSIUN TONS

PROM_THE SKELETAL WUSCULATURE OF CATS.

The skeletel muscles W??@ eonsldered to be a possible
sovrae of the relesse of B which was demonstrated following
the administration of protoveratvine., To determine if
protoveratrine did roelease K% from skeletal muscle, the

A

plapma B level of venous blood wap measuredalter the

intra-~arteriel injegtion of protovervatrineg.

Hethod
Spinal esats or pentobarbitone-ancasthetlzed eats were

prepaved by the methods described in Chaptera 5 and 7.

Arterial blood pregsure was recorded by conveantional

maethods from leflt comnon carotld artery.

The musgulature of the hiand limb was taken as being &
gsuitable area for study, it wes readily accessible and the
venous blood from the gpposite limb could be used as a
gontrol,

The animals were stretehed out on a warmed operating
table and the fur over the inner aspeots of beth thighs was
ramoved. Inclisions were made in the skin of the thigh of both
limbg, this was reflecied to expose the femorel artery and

veln of sach hind Limb.

Heparinized/
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Heparinlized needle~type injection cannulae were tied
into the two adjecent branches of the femowral artery and
vein in both limbg. These are branches of the Ffemoral
vessels and have been tewmed by different anthors the
venous and arterial raml or the muscular avtery and vein.

The cannulee were placed so thal thelr tips weve situated

at the Junction of the branch with the main vessel.

The deug was sadninistersd into the vascular bed by
intra=griterial injectlon, this was achieved by placing a
bpulldog c¢lip on the femoral artery proximal to the cannula
tlp and injecuving Q.1 ml of drvug or control golubion into
the lumen of the avtery, the stilette was replaced in the
cannula, the bulldeg clip removed and the drug distributed

to the vascular hed by the arterial bBlood flow.

Samples of venous hHlood were obtained by withdrawing
0.5 ml samples Lrom the cannula in the venous rvowmus,
These samples were taken before the ariterlal injection of
the drug or control selubion and then at intervalg of
5, 10, 30, 60 and 120 geconds after the injeetion., The
procedure was ecarried ouwlt almost simultancowvsly on each
leg, 2 solution of provoveratrine was injeected into oune
Timdb and a contyol solution inte the other. Total doses
of 2 and 5 ng of protoveratrine were used, one dose at

sach level wag given to each asnimal at 30 minubte intervals,



For 2 pg. Protoveratrine

- Test
Exper- K level of plasms mBg/1.
iment I - A ,
Ng. Before Hoiof seconds after drug.
drug - . _
5.1 16 |.30 |60 | 120
1 h.26 4.18] L.21
2 3.71 3,72 3,78
3 k,00 4,010 4,00
L 3.40 3.39 3.50
For 5 np. Protoversitrias,
1 .23 bo2bl bo19) 4,26 ho2G 420
2 3.66] 3.68 3.57] 3.65 3.70 3.69
3 L.12) L.120 .20 .15 L.08 L4.10
,F. deO. W!kw W!ﬁ@ anm

3.57 3.49
M j

The effect of protoverairizne on the X

from the nind limbs of cais.

L Gontrol
¥° level of plasma mEq/l.
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or, ag in the two easew Ly which the dome produced a
Poll in arterial blood pressure, when the bhlood prosowve

veturned o the control level,

4o

The plasma & levels #on each spmple were dotemined

using a flaae photometer, Loy detalls of the method - sBos

Appendls,

Rapulis

e injection of the dvug produced noe musonlary
twibehing In the limh and only in ftwo eages oub of alght
was there eny fall in svterial bhlood prespure, his wose
ondy slight in boitb eases and returnsd o nowaal afier

30 minutes,

-;‘;-s . .
The aecncentyations ol K in the veanous plasan foy all

the experimests performed sre listed in Table 5.
s

The weon K levels with thely stenderd deviations fop
the venour plagna altor the addition of & ug.ol
protoveratrine was 3,680 3 931 wig per 1, ihe corrvesponding
Pigure for the plasma frowm conbrel lisd was 3.86 ¢ Ue27 miq
per L, Similerly after 5 ug,of protoveratyine the Dlgoras
wores.H7 0,32 Por the trested and 3,09 ¢ 058 nbq pew i,

I%Q
w2t T

Pron the gontrol limb,
Whon these means vere ocompared statistically by the

37 best the dlfferences wers fowd o be not significant



Letp,

iege 'p' was greater than 0,9,

These repults indicate that protoveratvine in the
doses used does not plgnificantly affest the concentration

of X' in the plasma of venous blood Trom alelotal mmaci&)

V:H'Itn |20 s5eca nel s .



CHAPTER 7 125,

EXPERIMENTS T _DECRRMING THE RETHCTS
OF PROTPOVERATRING 0N THE CONCBUTRATION OF

POTASSTUM TONS TN THE CORONARY VENOUS HLOOD

OF ANAESTHRTIZND CATS,

The most marked pbarvmacologlcal effect Following the
asdministration of the active Veratrum alkalolds is a rapidly
induced hypotension accompanied by bradycardia and transient

STy

QPNOME, This Ppglﬁx effect was fivet described by

Bezold and ﬁirﬂf in 1867 and was rediscovered and more
‘ 71,198

thorvoughly investigated in 193Y by Jarisch and his co=-workers.

The veflex is now known as the "DezoldeJdariscl Reflex™ and

will be referved to as such in the remainder of this thesis.

That this effect was reflex in origln was suggoested in the

original paper by Bezold ang Hirt and this view was confirmed

by Krayer, Wood and Monﬁeﬁ? who used & dog heavb-luag

preparation with a separate perfusion of the head and

concluded that the affereat racepLors for the relflew were

situvated in ??g thaﬁam; ﬁapiséh and Richiter, and Richter

and Amann Lol also concluded that the reflex was thoracic

in origin and that %the probable origin was in nerve endings

of the ventricular myocardium.

More recent work has conflrmed these views and shown

that the reflex consists of & number of affevent components
Lo £

involving specialisedreeeptors in the ventriecular

and/
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89,96,199,200 69,201
and atrial myoeardiuvm, the lungs, the soriie areh and
93

the gastric mucosa but by far the lergest component ariges
from the reglion of tne left ventricie which wrecelves lts 68
bloed supply from the left common coronavy artery._ Dawes
has demonstrated this facet in a number of vevy elegant
experiments in which he lanjected the Vepstrum alkaleld,
verstridine, directly into the individual coronary sriteries
and regorded the elffect on blood pressure, heart rate and
regplration. :
' 202 17

Amann and Jarisch and Lecombe gt alll showed thaib
& certaln degree of cross sensitization between potasslum
and the Verabrum alkalolds sxisted in the receeptors in the

heart in a similar manner to the sensitizatlion shown by Bacqg
189,293,
and his co-workers on the Trop recitus abdominls muscle.
These workers used large doses of potassium giving 20 mg. of
potassium chloyide intravenously and showing that this dose
only elicited & relflex fall in blood pressure and reflex
bradycardlia if the animal was preiveatsd wégh D05 to O 1 mg,.
per kg, of veratrine hydroehloride. Dawes attempted to
confivin these Liondings by the injegition of veratridine and
potassium indto the coronary arteries but was unable to show
any sipnificant degree of gsenpitizetion by veratridine io
the injected potassiuvmi he did, however, demonsirate that

a minimal dose of potassium chloride when lnjected

simultaneously/
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slmnltenecusly with veratridine into the coronary cireulation
goused a lavger fall of blood pressure and heart rate than
glther the same doses of veratridine or poitassium chloride

given alona,

Because of these differing findings 1t wae thought
wortnwhile to attempt to determine the influsnce of
o

protoveratrine wpon the K level of the blood plasma in the

coronary clirculation,

METHOD.

The method uwsed to isolate the @nwamagg vageular bed in
catg was modified Trom that used by Daves. This method was
sinilar to that developed by Greogg anﬂiﬁhiplﬁépuf@? dogs.

The animals used were large sats in the welght renge 3.8

10 6 kg, in good condition, having bheen fed on & dlet of
meat, fish end fresh wilk, To reduce to & minimum operative
brauma and to keep the veflexes as normal ag possible

ppinalization was ruled out,

Although some bhavbituyates are known to depress

baroregeptor rellexes, pentobarbitone sodium seemed to be
208
inagtive in thlp rémpest. The effect of barblturaies on

the potassiom concentration of corvonavy blood in cabs has

206
not been studled, 0'Brien gt alil pgave a figure for ihe

SRR

goronary/
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coronary venous blood of weanesthetized dogs which did not
differ from that obltalned in animels anssthetized with

pentobaybitone soldliuvm.

The apimals were anesthetized by intea-peritoneal
injectiona of pentobarbitone sodium at a dose of 50 mg. per kg.
When the animal was completely anaegthetized it was tled
down on a warmed opersiing table and the fur clipped away
from the left thoraclce reglon and the ventral surface of
the neck, An incision of 5 om., long wss mede in the midline
above the traghea, The brachea was eéxpoged by blunt
dissection. A metal tracheal cannula with & variable aperbure
window was inserted into the trachea and Lirvmly tled in
place., The left common carotid ariery was exposed and
carefully separvated from the vago-sympathetic brunk and any
adjoining conneative tissuss. #lass cannulae of the
standard patbtern were introdueced intce the lalt femoral artezny
and the right femoral vein. The blood pressure was recorded
from the femowel aviery and salipe infusions were made into
the femoral vein from a burette attached by rubber tubling
to the ecannula. The femorval aprtery was uged for the rscording
of blood pregsuvre begause the left carotld arbtery was
cannulated to perfuse the heart and it was feli essential
to keep the head suppllied with blood to malntein the scetiviiy

of the cardiovascular refleXxes,

Blectrosardlograph/
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Blegtrovardiograph vegorde were taken Lrom Lead II by
subcubtaneous implantatlon of needle electrodes and the record

was dlisplayed on an Ediswan Divest Writing Pen Recorder.

A heparinized, glass venous type cannula was tied into
the left common carotld  avtery, the blood flow heing
interrupted by a rubber sheathed bulldog ¢llp placed proximally
to the cennula. After making an inelsion in the skin of 10
em. along the midline of the sternum, the ekin was relflecited
from the left thoracic region and the bleeding poinits were
sealad off using elegtro-ecauvtery. The muscular layers
hetween the fourth and £ifth ribs were separated by blunt
digsectlon and as soon ag penetration into the pleuwval cavity
was achleved the animel was arvtificlally ventilated through
the tracheal cannula from a Starling Respiration Pump of
conventlonal pattern. The space between the two vibs was
enlarged and the rivs separated by means of gelf-retaining
rib retractors. The internal mammary avibery snd the left
intercogtal veins of thig reglon were tled off and the costal
caritllages of the third, Tourih and Tifth ribs cut through
with bone foreceps and the ribs retracted, usging the »ib
retractors. All bleeding peolnls were sealed off by electro-
cavtery., The left subelavian artery was cleared of connegtive
tissue from its Junction with the aorta to the emergence of
the internal mammary avtery and a loose ligature was placed

around/
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Fig. 13.

Exposure of heart and great Teasels prior

to oannulation of coronary artery and coronary sinus
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around it. The appeavance of the prepayration at this stage

of the procedure ig shown in Fig. 13,

The pericardium was inciged and refleacted back Lfrom the
heart exposing bthe base of the great vessels and the chambers
of the heart. A loose controlling ligature was passed
around the pulmonayy ariery where Lt passes across the leflt
auricular appendage. A paiv of artery foreeps, the jaws of
which were sheathed with rubber, were clipped to the apex of
the left auvrleular appendage which was reflected anteriorly
to expose the root of the aortic arch and the origin of the
left common carotid artery. In the ecals used, the origin of
the left common coronary avriery was invariably obscured by
large awmounts of Pfatiy and connectlive tlssve and some
difficulty was experienced in exposing this vessel, In
the majority of animals used the leilt common coronary arbery
varied in length from 2 to 5 mm. ,out in 20 per cent of the
cats both branches emerged divectly from the sorts with a
complete absence off the common region. This made the
preparation impossible and the experiment had Lo be

abandoned.

The common portieon of the artery was carefully exposed
and cleansed of adhering fatty tissue. The tipe of a pair
of Hblunit-pointed curved Torgeps were passed between the aritery
and the aurlcular wall and a loose ligature passed around ihe

artery./
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fig. 14.

Coronary sirus canmula showing rudber
ocollsr near tip to ococolude the
coronary sinus ostia.

Coronary arterial canmula lateral wview.

Gormaxyartenaloarmlaam**

All figures full else.
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fig. 15

Insertion of cacuil* into the coronsry sirus.
A - Tip of canmula in coronary sirus.



L .

artery. By means of a fine curved ngedle a ligeature was
passed through the muscular wall_mﬁ the venbtriceular apex
and tied inte place, This was dong to ensgble the heart to
he manipulated with the winimum of handling. Using this
Ligature the heart was reflected anteriorly exposing lis
dorsal surface and the larger part of the right auvrlele.

An inclision was made into the vright auricular appendage and
a specially degigned cannule ( see Fig. 14, )} wapldly
introduced and tied into the aurlcle wlth 1ts tip placed
within the coronary sinus, OCorrect positioning of thie
cannule was determined by exemining the eolour of the
collected blood. Blood coming from the sinus was much
darker than the Dlood in the aurlele due to the wueh lower
oxygen content of the coronary blood. The tip of the cannula
could also bhe seen through the wall of the vessel, this may
be geen from Fig. 15, Bleod from the slnus which issued
from the distel end of the cannula was collected and
iontroduced back inte the elrculation through the cannuls

in the femoral vein.

A speelally designed acrmmaryﬁamﬁevy cannula (see Fig.ll. )
silmilar to that employed by Dawes | wes then introduced into
the left subelavian arvibery and gulded by toueh 1t was puahed
candally wntil 1ts tip was in the reglen of the lumen of

the/
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Pig. 16.

A. Coronary sinus carrula.

B. Cormary arterial canmula passes
dovn left subolsTian artsiy.

C. Canmula in Isft sammon osrotid artery
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the lelft common coronary srbery. Ite disgtal ond was connegted
by & plecs of flexlble rubber twbing to the cannula in the
left sommon carotid artery thus Torming a c¢losed ciroult,.

Bee Fig.l6. The bulldog ¢lip on the c¢arotld artery was
released and when it was ensured that e elear clot-Lree
clrenlt existed the tip of the subelavian sytery cannulas was
gently introduged into the lumen of the left common GOYrOnary

artery and tied iato place.

Changes in the norymal slectrocardiographic patitern were
prominent during this manoeuvree bul if a good blood {low
exigted the normal pattern was soon resumned. The animal
was heparinized before the passage of the coronary eannulsa
by injection of 200 l.u. of heparin lutc the femoral vein
and thieg was rvepeated et hall bourly intervels following the

completion of the manipulative technlques,

Before the addition of any drugs 15 ml. of 0.9 per sent
saline gsolution was given intravenously to restore the blood
volume decroased by the unaveidable bleeding, Drugs were
introduced into the closed system by injeeting them through
the rubber tubling Joining the earotid and subslavian ariery.
Blectrocardlograph and blood pressure records were taken

throughout.

Repults

In this series of expevimenis there was a very high

rate/
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rate of mortellity in the animalg used. There were two mala
gauses of this, the lavge cats which had to be used to obtain
a preparabion of sultable siwe Trequently showed larvge
deposits of fatty LTissue in the reglon of the origlin of the
left common coronary artery and during the cleaving of this
and the svbseguent exposure of the vessel and passage of
the ligature, demage 1o the avtery or to the wall of the
auricle sometimes occcurred, this led to Patael hacmorrhage.
The gecond cause of death was the auwrlcoular or venitricular
fibrillation which often occurred whilst bthe two cardiae
canpulae were belng inserted. Thisgmey heve been due (o
gbimvulation of the pacemaker reglon. In some animals the
blood flow into the coronary artery vis the cannula was
insufficlent to permii normal cardiac Tunctioning due to
cardiac lschaemia and led to the development of lrreversible
ventriculsr fibrillation and death. The voutine sdminisiration
off procaine amide ln ap attempt to prevent the onpet of
gardiac lrregularitics was tried, but this was discontinusd
becauge procaine 1s koown to antagonize some of the actions
of the Veratrum alkalolids and alse because of the possibility
20760 209
that procaine amide acte llke quinidine, whlch may produce
1ts anti-Dibrillatory effect by slowlng the rate of the
vepolarisatlon process, possibly by decreasing the outward

1w/
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Iseck K

Fig. 17.

Sleotrooardiogram of oat, lead II, showing
the bradycardia produced by the intra-coronary

injection of 2 ug protoveratrine,

A. Before injection.

B, 5 seconds after injection.
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+ 810,211,
flux of K which occurs during this procoss.

In all the gunecessiul éxyerim@nﬁa intracoronary injection
of 2 ug. of protoveratrine led to a nobiceable fall in
arterial blood pressure and marked bradyecardiaz, No abnovmal
changes could be detscied in the electrocardlograms but
the bradycardie following the injection of the alkaloid was
readily seen, Flg, 17, The degree of bradycardia varied
conslderably beitween animals, but always occurred 40 sone
degree. The Incidence of bredyecardia was taken as
indicating that the drug was reaching the regeplor sites.
Bilateral vagotomy reduced the degree of bradycardia induced

by the protoveratrine,

Tachyphylaxis to the hypotensive achtion of protoveratrine
develops rapidly, the mechanism by which this occurs is nob
yet konown and it was, therefore, declided to leave a period
of half an hour betwesn successive additions of the drug.

The first dose injected was of 2 ug. Tollowed by a
mubseguent dose of 5 uwug., Due to the deterioration of the
prepavation with timg only two doses of protovervailrine were

given 1in each experiment.

e

The plasma K goncentratlion varvied between catls and
also tended to rise duving the progress of the experiment

(see also Chapler 5.)

The/
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The Iffects of Proboveratping on the K Concenlration

T

of Blopd taken Tyom the CGoronary Sinus,.

h il «&‘.
 Bxper- {Total Dose { & conen. in mig/1 Percentage
iment of < rorsineries change
No. (Protoveratrine| Control. | Drug, &
2 Ve LeT3 1,90 + 9,8
L 2 ug. 173 1.78 + 2.9
5 uge L, 02 5430 +5248
2 5 ug. 1., 54 2,19 +35.7
3 a 11&3; » }A“!-q 8’6 5.‘ 11 “%’15 - 8
5 U« li*o Qg 50 ?’? ”i'goo 8
L}» 2 1&5},‘.' ?5-96 L!mqé; “:"16;2
6 5 uge 1,20 1.65 ¢37!5'
E

Mean Pereentage Increase in X coneentration aftev
2 ugs Protoveratrine = 13.3 £ 3.2 per cent.
Izi‘
Mean Percentage Incerease in X concentration after
5 ug.Protoveratrine = 34.2 + 3.3 per cent,
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Th@ results mhﬁaiﬁéﬁ in &i% succensiul p?@p&?ﬁ%mﬂﬂﬁ from a .
total of &wanay 1W@a attempts show a maviwa Wl%?‘im pl&mma
LE? @mﬂmanbration Collowlng thﬂ iﬁd¢$h§ﬁn of yﬁaaﬂv9rabv1n@
inbo toe coronary @if@ﬂlaﬁ&ﬂﬁq The ﬁmﬁuitm are gummarised

in Teble 6, After the injection of 2 ug: of pﬁa&avcra@ringf‘

ER
'y

they show a maan pewmeﬂtagu 1n@?@aq@ in pimmma K of 13.3
per aent with a ﬁ%ﬁnﬂar' @?f@?-@; ? 53,2 per cent and of

34.2 4+ 3.3 per cont alter 5 ug. of prm%avaratwlne,
BRI : o ke : |
These results indicate that the K  concentration of the

coronary hlmﬁ& riges aft@? the injestion @f'ﬁmall gn&ntitiéﬁ"
QfV@fOﬁQV&?ﬁﬁfiﬂ@ in&m that‘pmét of tn@‘h@arﬁ«ﬁuppli@@ by

" bloed from the left coronary avtewies. This ﬁ@gimn of the
neart is ﬁaliév&ﬁ1ﬁaxb@*tha r%&imﬁ fr@m‘w@ich;the m&ja&it&A

_of apparent impulses of the Bezmold~-Jariseh reflex origlnate. -

- From the deta obtalned it ialim@oﬁsibléétw tell uhether
the K% is 11%@?&%@@ by & ﬁ?ﬁaat aﬁtimn Q@'+h@ ﬁrug upon
either the. myoaarﬁiumﬂ the ﬂ@wvw @ndmnga in the wall of the
heavt, or wﬁabher tae ﬁf@dy?a?ﬂl& gndmcvﬂ by bthe drug led
to a slower blood mﬁ@auia&imn ana e@nﬁﬁguanﬁiy'w high plamm@
ﬁ% concentratlon. | %jlatﬁﬁal Wafmtmmy wmﬁw&mﬁ %mm did not
‘abmlism the bradycardis by preventing the vagal lnhl ibhitory
lmpulses f?mm,&h@ vasamahﬁrA@@ntﬁ. from veaching the heart,

Beetion of uh@ Qi @wﬁlﬁ}mmtib@ﬁu&@d“a&.a'm@anﬁ of

eliminating/
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eliminating the bradycavdia because thils abolished ithe
ﬁﬁpv&%agr TEspense which was the mmly>imﬁi¢a%ign by which
it eould be ensured that the dvug was reaching the receptor
ar@aﬁ,hﬁThe ume of a%r@pim@’wagiéam%wainaimaﬁaﬁ a8 it hag
been shown to st as an antagonist o some of the ﬁ%ragﬁ
effects of the Verstrum  alkeloids on ammaﬁh‘mmsalﬁ.ﬁﬁ
Due Ho éna Vme;high réﬁa of mortality béf@?@ the
experiments could be Tinishéd,and the large number of
gompliceting factors lnvolved in ﬁx@@%&mﬁﬂ@@ in which
manipunlation of ﬁmé heart and great vessels occur, it wasm
decided bo %wéé%mth@ vepults as indieative vathor than
conalusive and to study the effects of protoveratrine on

% : A o .
¥ release on simpler tlaste gysitems,
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Lo INPLULNGE O PRO“ﬁVWPATRYVF O THE

RELBASE OF POTASSIUM JTONS FROM FROG SKRLETAL MUSOLE .

The work already described hag indicated that one of the
. e
o4

effeets of the Verstium alkaloids may be to velease K into
the hleood gitream bult no conclusions were drawn as to the

" @ource of the rveleaned ions.

202
Bacgqg in his early work put forward some evlidence that
| + |
veratrinization causes o alight locrease in the X content

of the perfusate Trom perfused frogs' legs, but his
experiments were not adequately eontrolled so that the
valldity of his results is questionable, Schatzmann and Wittt

have shown that resting Trog 3qwtur1na mupclm bathed in a

i <=

K ~froe Ringer’a-&alu%ifm 108G gignificantly more K when
exposed to strophanthln in concentrations of 10 ug. per ml,

than when exposed to the contral solution,

The alkemine esters of the Vepratruvm specles and the

ST Y G URIBA LT

cavdioagtive glycosides have g similar basgic mteﬂoidml

skeleton which may‘abéount'f?r the similarity of effects
: 2k
of the two groups of drugs.. This similarity is most

marked on the falling heart where bolth have been showm to

12,173,215 : |
have a pmﬁlllﬁ@ inoiropic astion winieh 1s sccompanied
by an Jﬂcraaspd parPa?manen and oxygen cons umptign.

Puring the last decade a lafpo volume of published work
-

has appeared on the effects of the cardiae glycosides on K

transport/
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transport In diffevent tlssues, this worlk has mainly been

216 bo 220 221 %0 223
confined to cavdiac wuscle and erythrocytes
_ | 213,224

but some sindies have been made using frog sarverius muscles,

The general conclusion. arrived at in these studles is that

m‘o
the cardiac glycosides cause a net loss of ¥ from the
Ca

tlssues due to an inbibition of the process by which X is

wransferved into the cells.

In order to establish if in fect the effecis of the
active Yeratirum @lgaloidﬁ and tne cardlosctive glycosldes
woere similar, @ipériments were carrvied ovt using the isolated

pBartorius mum@lé of the frog, this preparation was chosen in
prefarence to the other methods mentioned because of the eass

with which the material could be obtained and handled.
N KN

The amount of K released from a muscle exposed to K -=free

Fenn=Ringer's solutlion is of the orvder of U.1 uBg per gm.
213
per minute, This. is further reduced in normal Fenn-Ringer's

solution., For detalls of this solution see Appendix. I

was found tce be lmpossible to detect these small changes in

ka

K  concentration in the presence of the normal concentration

W

of X in Penn-Ringer's solution, i.e, 1.8 mlig per litvre

uging the flame photometor available, and in the experiments

.5,
to be deseribed, all stuvdies were cavrised out using XK -free
' 2135
Fenn=~Ringer's solution., Schatzmoann and Witt used a

simllar/
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KR
similar K «free scolution and were able ito demonstrate an
-l.n

lncreased K loss from frog savtorlus museles following

exposure to strophanthin,

A number of preliminary experiments were carrvied out to
ascertain the effect of exposure of frog sartorlius muscles

to protoveratyrine for short periods of time.
Methods

Method A = Preliminary Mxperiments

Common frogs,(Rana temporaris), voselected ag to age

or sex but all approximately 30 gﬁ. in welght, were stunned
by o sharp blow on the hasad and decspitated with a sharp
pair of secissors. A probe was passed down the spinal canal
to destroy the spinal cord and to prevent any rellex
movements, The skin covering bobth thighs and the pelvice

L)

reglon was reflected to expose the attachments of both ends
of the sarvorius muscles. Hach muscle was very carefully
digssected free, care being taken to prevent demage to any

of the muscle fibres. The distal tendons were sectioned

and the muscle freed by cvubtiting through the pelvic atitachment
as close to the pelvis as possible., The muscle was then
rapidly welghed and it was found that with very careful
dissection muscle palrs could be ebbtalned dilfering in
welght by less than 2 mg. Threads were fastened (o the

tendinous porvions of the muscle and the muscle weighted to

extend/
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extend it to its natursl lengih.

In %he preliminary experiments each musele of the pair
was suspended in a 5 ml. espacliy ocrgen bath conitaining the
&
R =free Fepn~Ringsr's solution which was continually
oxygenated and mixed by & stream of oxygen bubbles Lrom a
gintered glass distributor. Both muscles were exposed to
the drug free bathing fluid for the Lirst 60 minutes, the
bathing fluild was totally removed at 20 minvte intervals

and replaced iwmmediately by fresih solution. After 60

4

minutes 1t was assumed that X release was coourrlog at a
213

steady vate and 10 ug. of protoveratyrine in 0.1 ml. of

Fenn-Ringer's aclution wap added to one muscle and C.1 ml.
of control solution added to the ether; after 20 minutes

gxposare to the dirug or the control scolublon ,bobh baths
*‘;',"

were empilied and the solutions replaced by K -free Fenne

Ringer's solublon,
;{—!
The X content of each sample of the batbhing fiuvid was

ggtimated using the flame photometer and the resulits
4

expresssed as wlqg, per ml of ¥ after corrvecting for the small

&

K content of the bathing solution.

The resulis obtained with this methed varied over guite
no

2 wide range from 0.6 to h.3 ulg, per ml, aﬁdA&ignificanc@

could/
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could be atitached to them, Yo vvercome this diflTiculiy
tne mebthod was modilied to ensble the muscle to be exposed

to the action of the drug for a longer period of time.

Method B

rﬂ el B e

Paired Lrog sartorius muscles were suspended in 5 ml, of
oxygenated Fenn=Ringer's selution by means of two sitainless
steel hooks attached to the tendinous portlons vl the muscle.
One hook wag fastensd by a thread to a wire stirrip which
Litted across the top ol o Pyrex glass test tube and the
other consisted of a No. 186 hypodermic ncedle weighing 1.75 g,
which was bent into the shape of a hook, The muscles were
suspended in the bathing Lluid Tor 20 minuvte perilods alter
whilch they wepre removed, shaken free from adhering molslure
and re-guspended for g Turther periefl in a second tube,
this procedure was repeated elght tlmes. The control muscle

e
was exposed to the K ~Lree golutlion for the whole of the
expeviment, bubt the test muscle was lnltially exposed to
the control solution for three twenly gsminuite periods 0

L

ensure that the rale of ﬁ‘ release paralleled that of the
control muscle. The five svbsequent tubes contalined the
- .

K ~free solunition to which had been sadded 2 ug. per ml, of
protoveratring,

The E¥ content of each semple was estimaled by means of
the Dlame photometer and using tne technligue described o
the Appendlx,
Results/



K __Eelease

by _Frog Sartorius Muscles

afier Exposure ic Froioveratrine

Sexpi-hibernatory Frogs

w— He =

* DOS
ndicates zn incrazase.

and a2 negative

Bxperinment
Ho, 1 2 3 ! 5 6
C g5 ¢ i T C T e T C T c 17
BeTorse ,
Total |BXposure 1.6 1.6 1.6 1.6 § 1.3 G.9 l.72. 1.68 1 2.5 2.8 0.7 0.6
e
‘Qﬂm at After ) s .
WOPRt i Bxposure 1.1 1.1 1.6 1.6 | 1.1 1.0 2,08 { 2.00 [ 1.1 11.0 0.9 |o0.7
Difference | +0.5 | +0.5 0 o |+0.2 [-0.1 }-0,36 |[-0.32 p1.L  E1.8 -0.2 k0.1
: : -
Active Frogs
L. . - -
ixperiment
¥o. 7 & 9 10 i1 12
C T G T c T c T #] T C T
. Befeore . . .
Total Whﬁwvomﬂwaﬁ Mu_num 2,2 Wom Qal«u anm Wo.wm N-WU NoWO ..U‘..rm WQWW 2.2 Nom 3
x .
s § ATGED & :
Output Exposure 3.0 2. 0.9 1.3 L.30 3.83 2.45.+1 2.25 - {3.85 [4.30 [1.9 2.1
Difference |t1.2 -0,2 +0,6 ~0,6 | =0.35. 1=0.70 {+0.1 +0.5 =+8,70 =+G.35 %m.m +0.5 "
: ) H f
& ,, m
C = control muscle = exposed for 20 winutes to the control solution
T = test musele - exposed for 20 ﬁduremm ﬂo 10 ug. omw ml. protoverairine.
All concentrations given as total X in wuig. ww+m ml, K pmmmﬂmmmwcmdmmwwmm solution.
sitive difference indicates a anﬁmmwm in M output difference
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213 4
BSehatzmann and Witk found that the amount of B

liverated from frog sartorius muscles bears 1little relation
to the weight of the muscles. In these experimenis carve was
nowever taken 1o ensure that the dilfereunce in weight between
the muscles of one palr was not more than 2 mg. The

l{‘/l
relationship bebtween the K released duving the tweniy

minute test period and the welght of the muscle was siudied

but the resulis supported the Lindings of Schatzmeann and

Witt and no correlation could be found, Lt was, therefore,

decided to ignove the welghts of the individual muscles and
e

to compare directly tine output of K Trom individual membersg

of a palir.

The resulits obitained are summarised in Table 7.,

4a »zn

all ¥ levels are expressed as total K in ullg released
inte 5 ml. of bathing £luid. Prom the Table the wide

"
variation in the total K in the bathing £luld belore the
addition of the drug may be seen, This varied from 0.6

+

to 4.3 ullg. No correlation between K outpul and the
sex of the frogs could be found, but the wmajority of tae
low values wers obltained from experiments cavried out during
March and April and the higher values came Irom ones
performed in June. Iv is possible that in the spring frogs

which/
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wfa

which have been hibernating all winter have a low muscle K
concentration or releasge Lt less readily, and that tae

-
summey frogs whilch were well fed have a higher muscle K’
concentration or that 1t iles more readily exehangesble. No
eptimate of the age of the frogs used was made and sowe of

tne varlatlion may have besn due 4o age differences.

.‘i‘.
It was expected that the total K concentration in the

bathing fluld during the cuntrol period would be egual or

.i,.
less than thet of the previoua sample due to the rate of ¥

1,

relesge from the muscle elither belny counstant by this time

or slightly decreased. This was not found to be the cane

4
acd in four out of twelve experiments tne X concentraiion
during the control period was higher than that during the
previous pericd. In one experiment there was no change,
and in seven tae expected decrease occurred. No expleosition
of this discrepancy Trom the expected results could be found
and it was assumed Lo be due to biologlcal variation.

A similar patitern was seen in the regulits from the
muscles exposed to the protoveratrine, four showed a decrease,
one no change and seven an increase in the K $c@ncentraﬂian.

The Piguves in the Table refer to tae totel K level
measured in 20 minuvite samples immedlately beforve and
immedlately after the addition of the drug, Bach muscle

was exposed to the drug once only.

The/



151,



, Control

£xpo%ura to Protovrmtrinm

40 60 80 ICcC 120 140 160
Time -min

Fig. 18.

*
Graph «bowing total K raleaaa from a pair

of frog aartorii in K* free frog Ringer*a solution.
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The diffevences bestween the two successive samples in
each group, however, were of the same order in boitn the
muscles exposed to the drug and the corrvegponding control

wnuscles,.

The regults expressed in the table were analysed
ptatistically using a palred 't} test. This procedure was
Y
used to c.mpare the differences between the K concentrations
of the semple before and after the addition of the drug,
with those obtained Trom the paired control muscles. This

$., ¥

analysis gave & 'p' value of greater thnan 0,9, whicn

indicated that there was no significant difference between
."i»

the amount of K releasaed lnto the bathing medium by the

protoveratrine and by the control solution.
Method B

In the second series f experimenlts the drug treated
muscles were exposed to the drug for o much lohger period
in order tc determine il the drug had a delayed effect upon
K" exchenge, To obtain & clear pieture, the total K
released was plotted against time and a typlcal graph

obtained from one experiment 1s shown in Flg 18.

The results are summarised in Table 8., and like the
previous experiments show a wide variation in both the total

4 . , .
K wvelessed from the muscle and in the rate of release.

In/



Total

LABLE ©
. A . s o T
Release of K Dby Protvoveratrine Lfrom the Fropg dartopius

-t J o8

- Mugele.

Tet 12.70 T.62 112,07 16,98 Q1.21 18,89 (10,09

Control | 12,06 | 10.16 |12.07 | 6.35 [0.75 |{9.52 |12.10

Differe

enoee 0, 6l =2 ¢ 06 0 | C.63 046 0,63 je2.01

(T=C)

Tesh 13,98 9,27 £.25 11,57 8,90 }18.56 |7.30

Control | 11.90 9.55 5.1 121,45 16,37 15,40 6,03

Diffepe

enee 2,08 (e 28 2, 8l 0.12 12.55 (3%.16 [1.2

(7-C)

Teat 3‘ 5? ?9 61 5#“6’ ?t 92’!" 903!‘*‘ 10.?3
?ontrol 12,78 79l 6498 6. 0% 10.21 110,65
DAL ore

ence M),.&. 21 “’Q. 5% e}, t58 L 91 wa{) 8 Oe 08

(TMG) I j.) ] ?

¥

!

All figures wefer to ullg of X wreleased into 5 ml.
of bath £luid during five 20 minute exposuvres to the
drug ov control solution.

C.8>p>0.7
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In every experiment the first two ssumples showed a
.ga
relatively high K content, this was followed by a doercased
o+
rate of K ouvitput which remained alwmost constant throughoulb

the experiment.

Table 8 shows the mesn differences for 20 experiments

e

between the total amount of K liberated from the treated‘

and the uvwatreated musele durlng the test period,.

g

When analysed by the paired 't' test no significant
of B relegavsed was found between

difference in ithe amount

the treated and the uwnireated muscles (p >0.9),

Using the two methods desecribed asbove, no significant
difference between the treated and the control wmuscles could

be demonstrated. This was in contrast to tone results
213
obtained by SchatzZmann and Wittt who used a similaw

technigue and were able Lo demonstrate a gigalificant
- 4=

lncrease in K outpub from frog savtorius museles under the

influence of strophanthin. ' These vesults also differ from
122
those obtained by Shanes who used isolated frog nerve

it

and snowed that veratrinefaused a greater loss of K from

treated neceves than from the corrvesponding control nerves.
P

Une marked disadvantage of this technlque 1is that the

&

uge of a X free hHathing medium provides unphysiological

conditions
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conditions for lonlc exchange and this process is therefore
+
liable to be disturbed. The absence of X from the bathing

medium would lead to a marked shift In egquilibrium conditions
+

causing an increased outward K f£flux from the muscle. The
.,a.
K thus released from the muscle would be replaced by an
.{‘.
equivalent amount of Na which would give rise to a changed

ionic composition of the muscle fibre. Preliminary
experiments described sarlier, (Chapter 2.) have shown
+

+
that in a K free or low K medium, frog muscles are much

R
less sensitive to the K <= sensitizing effect of the Yeratrum
alkalolids. It may, therefore, be possible that the effects

of the alkaloids are not manifested under these conditions.

4
A gecond possibility may be that the total amount of KF
liberated by the drug was very small in relation to the
amount released by the muscle into the K% free medium to
maintain ionic equilibrium. Thus it may be that elthough the

+
Veratrum alkaloids were causing an increased K release the

..;.
methods used to detect the K , il.e. by the flame photometer
were too insensitive to detect such small differences of

concentration.

To overcome the difficultles mentioned, methods were
developed for studylng the exchange of lons during
circumstances 1in which no large lonic gradients existed.

These methods inveolved the use of radioaetive trace techniques

and are fully deseribed in the following sections.
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CHAPTRR 9O

CrE TR e TS A A e

THE INFLUGSCE OF PROTOVERATRING 4 ON TN

RELRASE OF RADIOAGTIVE POTASSIUN ILONS FROM PROG

I TN LA AT

These experiments were carvied out with a view Vo
overcoming ithe disadvantages previously mentioned as

occurring in the methods described in Chapter 7,

Three different methods were used to study the efflux
}‘ ’:‘ g -{u
of radioactive potassivm lons, K from Lfyog sartorius

musacle,

Method A

Frogs weighing between 25 and 50 g. were used in these
experiments. No distinetion was made bLeltween sexes and
both winter and summer frogs were uscd, CF}culation showed
that & sulfficiently high concentration of ¢£K% conld be
achileved in Ega tissues hy the injection of 1 ml. of a
solution of KCl. This solution was obbained from the
A B R E, ﬁa?w?%l as a gterile jJdsotonic selution containing
1.15 per gent * RCL and nad a specific activity of
approximately 0,15 wC,per ml, at the time of despaich.

The radiosctive solutlon was adminlstered by injecting 1 ml,

into the dorsal lymph sac.
ATter an egquillbration perlod of two houvurs, the animals
were Rilled and the sartoriuvs muscles dissected Lree by the

method/
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mabhed described previeusly in Chepter 8. One of the
maseles of the palr was uged as a oot object and oxpoged

o protoveratvine & and toe othe® as s controel.

The experimeontel @wmﬁﬁgurm was  idontienl witn that vsed
e &
for the dotemmlnstion of %'K putput, Chapter 8, bud
the muscles wepe exposed to 30 mi. of bathing solution
ingtead of U ml, and the fime ol oxposure wos reduesd to
10 minvbes, &% the end of the experiment both muscles
wapre ddspelved in LU ml. of ewncentreted nltrie acid and

the tosal acetlvity remeining dn the muvseles was debermined,

The waﬂi&aa%}gi%y of the bething solution, l.o. the
fed b

totel anount of # % releassd Ilnto the solubion was
dotermined by counbing the total voluwng in & Celger-illiop
Liguid counter tvbe, type MO or M6H. The cownter tube wes
gonneeted through a probe unlt to aw deko Yype HE30D
automatic seslewr, The ssueles weve usually counted for
a period of 5 wminutes, ADber correoting f@f dost counis,
backpround and decay, the counts wors expregssed as counits

per minute.,

o

285
Hillis and lLewls have shown that (his method goan
o @
be uged to piady the offectn of droge onn K welease Trom

feog akeletal mupcle,

Mothod/
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Fig. 19.

Apparatus used for the continuous measurement
of the radioactivity of the bathing fluid used to

perfuse frog or rat skeletal muscle*

When frog aartorii were used tne cooling coil,

shown by the broken line, was inserted into the system,

When rat soleus muscles were used the constant

temperature water bath was used.
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Method B

In an attempt to overcome the evvors which oceurrved when
Method A was used and which were due to the transference of
the museles and ﬁg@%cmnsequ@nt entraitnment of a cervaln amount
off the released MK and to unavoidsble changes 1la the
environment of the muscle, a metnod of contlinuous cirvculation

gl

of the bathing solution round the muscle was devised.

This method was developed in conjunciion with Dr,C.H,
Gillis and Dr, W.N, iolmes fovmerly of this department. In
this method the muscle was exposed Lo a congtant environment

QEK* released lanto ituls

of Fenn-Ringer's soclution. The
solution was measured continuously by eirculatling the solution
by meang of a pump around a c¢losed clircult in which wss
placed a small tissue bath containing the muscle, a Geiger-
Milller Type FM6 liquid flow counter and a cooling coil. The
Plow counter was connected to a Labgear' recording ratemeter
which was used to glive a continuous written record of the
agblvity of the eirculating fluid. A cooling coil was
included in the eircult because a slight rise in the
temperature of the circulating solutlon avier its passage
through the circulatory pump was noted, The cireulating

gsolution was kept at 170 3_100. The arrangement of the

system ls sbown 1n Pig. 19, ""he record obtained was a

canﬁiﬂuoua/
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95% 0x+5% CO

So/ut/on

Constant t*mp”*nstur?
co/7 —

Th"momotcr

‘Sncf ivincfow Sc/ce*
7b ratemeter- Truffer tube

Fig. 20.

Apparatus uaad forhthg oontinuous measurement of
o
the dlsappearanoce of .K from frog or rat skeletal

muscle.
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b2 @

continuous measure of ithe ! K released into the af?culating
Tluid. Substances which increasged the release of $£Kt [T I
?@ﬁ&fpin@a from the muscle increased the slope of the curve
Dbfained on the record and substances which depressed the
Lo ¢ ' 225

X wvreleage produced a dscrease in the slope, Dyugs were
introduced into the cirenit by adding them to the small organ
bath which contained toe muacle. Any effeets on muscular tone
were recorded by means of an isotonic Lrontal peoint writing
lever recording on a smeoked surface. The total voluma of
the system was 100 ml, and sulficlent protoveraitrine A was
added to give a final concentration of 1, 10 or 100 ug., per ml.
flgthod G

226
This method is a modlfied version of that used by Keynes.

It differs from the two methods previously desceribed in that

L2 +
tne radioactivity of the K loaded umuscle was measurad,

Rapid washling of tne muscle by nanwradﬁmigtive Honne
2 4
Ringer's solution resulted in the exchanged Ki being washed
avay with a conseguent decrease in the radilosctivity of the
muscle. This activity was measured By placlng the chamber

containing the muscle above a radistion detector.

The apparatus is shown in Pig.20. It consisia of a
perspex flow chamber into which are se2led platinum electrodes
by means of which the muscle could be eleetrically stlmulated,
The bath differed from that desceribed by Keynes in having the

mugscle/



muscle chamber sealed with a watertight cover., This made it
posgible to increase the perfusion pressure, thus enabling a
rapld rate of inflow to be maintalined without risk of the

gheamber overflowing.

The sarvtorius muscles of a frog were dissected Lree by
the method deseribed eaviier (Chapter 8). Two stainless steel
hooks were fastened to each end of the musele which was then
placed across two platinum wire électrodes which wers ralged
3 mm. above the floor of the chamber, This procedure ralsed
the musele above the floor of the chamber and permitied the
flow of non=radioscitive soluition over the whole of the surface
of the muscle, The threads alttached to the muscle were pulled
threough the iaflow and outflow tubes and the wmuscle was
stretched to lis normal length. The glass cover plate was
then placed over the top of ithe chamber and pecured by mesns
of elastlic bands,

; Lo 4
The effect of protoveratrine A on the velesse of K

from the muscle was determined by adding the drug to the
perfuging fluld ilpn an amount adequate to achileve the reguired
concentration, Bxperiments were done on bobth stimulated

andnon-gtimilated muscles.
Non=radicactive oxygenated FenneRinger's scolution was
run through the chamber at a congtant rate of 20 ml.per minute,

The/



163,

The disappearvance of radloactivity Lrom tne musele was
measured by connecting the Gelger-ltller tube to an Beko Type
5228 ratemeter, the pulses from which were fed into a
Cambridge sleghtronlc pen recorder and the ralte of dlpappearance
of radicactivity from the muscle was measured and recorded

continvally.

Thig method differed Lrom that described by Keynes in two
important points. In Keynes'® experiments the musecle. after
being dissected free and mounted ?ga inmerged in Ringer's
solution to which had besn added L Ki and the muscle allowed
to eguilibrate for several hours. Secondly recordings of the

activity were made ai intervals whereas in this method a

continuous record was obtalned, It wasm felt that a more even

he +
disteibution of the B withi? the musele could be achieved
12
hy injeeting the animal with KCl than by soaking in

Lo
radicactive Ringer's solution because the K would be

distribuited to the muscle cells from the capillaries within
the muscle rather than by diffusion through layers of muscle
fibres. The use of Keynes' method is more likely to glve
rvise to condlitions in which the ?gb?as in the outer layers
of the muscle contaln mugh mar@};‘g‘ tnan thope in the genitre
and would probably establish a ! Kh gradlent within the
musclie. On the other haend distribution by the bloed atgga?
would he expected to give a more even concentration of ‘MK
throughout the tissue,

To/
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ugm determine the effect of protoveratyrine A on the release
4

of K from actively contraciing muscle ,the muscle was
stimulated electrlically by intermititeont square wave pulses

of 10 volts having a duration of 10 msec, Vavious [requencles
were used butbt a freguency of 100 por minute was usuvually

taken as a standard, The stimulus wae applied by connecting
the platinum electrodes of the bath, and whleh support the
muscle, to the terminalg of the stimulator, All museles wore

made to contract isometrically,
Method &

In the sarlier experiments {Chapt@r 8) tne total amount

..{..
of B passiog into the bathing solution was wmessured, bub

L2 4+ g
with the use of K as a trscer the total X Llux couvld only
138,226,227,
be ﬁetewmfned with great difflculiy, Dul it may be apsumed '
)!.2 ‘3‘ (’s‘

that the K flux is proportiounal to the teotal K Llux,

There were two major factors which made the determination

3 he 4+
of the total K effluvx 4ifficult. The proportion of K

l'%.
to X in the museles could not casily be determined before
the museles were uvsed. This proportion differed from snimal
to anlmel depending upon the absgorptlon of the isoétope from

the slte of injeetion.
The second gomplicating factor was that the surface area

of the indlvidusl muscles differed and the rate of exchange

ot/
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l‘}‘ '!

I 4
of muscle K with the K of the bathing fluid wes not

i)

gonstant betwesn experiments.

Because of these camplimating fa@tfgﬁ,na attempt has bheen
12 4
made bo debtermine ithe total amount of rrK grchanged or the
rate constants for exchange of ﬁ@ia ilon., Brrore due fo
these factors were reduced by using palred muscles. One

muscle acbing as a conitrol for tinc other,
The data obtained wereexpressed ln a graphical form by
drawing a graph of the number of counts Iin each sample, i.8.
"

b2 +
the amount of K released agains

o

v time. GCubves wepre drawn
by plotting the logerithm of the total number of counts
released per 10 minute period as owdinate againgt time os
abascigsa, and dvawing the best curve through the points.

In addition integrated curves for the date were also drawn.

Attempts were wmade to it the curves to a mathemavical

eguatlion of stendard Tcrm, but thies was found to be impossible.
+
The exact mechanism by which K is transferved from

intracellular sites to the bathing medium is s5till not

understeod, a number of theories have been put Lorward to

136,227
account for the known Lactls but none have been Found
to it all canes.
223,228 +
Solomon and hls co-workers have explained K

exchange as involving o three compartment system and they

nave/



have derived a number of complex eguations to ©1t their data
but thelir studies have besn based on simple systems, G.g.
erythrocytos, and canuot be applied divectly to the more

complex processes of muscle ion exchange.

igaéeliminata the errors due to the variation in the wate
o¥ L K exchenge, smootih surves were drawn in preference o
histograms. The difference bﬁtwaaﬁ the control and the
treasted muscle was determined by measuring the difference
in the areas subtended by the curves for the treated and
the eontrol muscles, The difference in areas was meagured
with a planimeter by delermining the area of the space
bounded by the curves and two lines drawn parallel with the
ordinate 8¢ as o eub the curves at the poinits where the

drug was adminlstered and where the experiment terminated.

b2
‘hen the total amount of K  veleased by the control

mascle was greater than that Cor the treated muscle, the

difference wastéken as being posltive, when less, as negative.

A null hypothesis that the difference between the test
and the control muscle was not significent, i.8. & probability
ol of greater than 0.05 ( pr0,05) was proposed. To
determine if this assumption wes correet the differences
were compared to zero by a palred 't test and the probability

that the differences were due to chance was thus determined,

The graphs dravn from the data obtained from btypleal

experiments/
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K),000
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art/c “nc/ >

Cbntro/in
Controf
100
20 30 40 50 60 70 80 90 100
Tim« — min
rig. 21.
U2 +

The output of K from indlTiduals of a pair

of frog aartorius muscles previously loaded with

Points show the actlTity of each 10 ml# sample
of bathing fluid.

The shaded area indicates the area measured in
each experiment and which was used for the statistical

analysis.
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10.000

I ard a0l 1
tooo D 20 30 40 50 60 70 80 90 1oc
Time -min
Fig. 22.
)
Total K 1loss from a loaded frog aartorius
muscle.

# Total activity of bathing solution frcn

control muscle.

Tot#l activity of bathing solution from
muscle exposed to a solution containing

10 ug per ml of protoveratrine A.
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experiments are %hown in Fipg, 21 and Fig. 22, Iﬁ_mayﬁb@
peen from these Tigures that the loaded muscle loses 4%ﬁ‘
very quickly at the astarit and that the gradient of the curve
is at Flrst gpteep., This atagelgs}thaught to represent the
e§change of the extracellular L‘K with the non~radiocactive

& ‘

K of the bathing mediuvm. Thie rapld exchange is followed
by a perlod during whieh the gradient of the curve lis
relatively constant and is much less steep. It has been
suggested that this portion ingh@ curve rapyﬁsents the
exchange of the intracellulawy $QK§ with the j:Kﬁin the
bathing £luild., It is tais process which is most likely to
be influenced by drugs as 1t may be thaat this exchange involves

the witilization of energy by the cell,

The resulds obltained in thesge experiments are shown in
pabulay form in Table 9, This table shows the &iff@re?a@ﬁ
2
hetween the areas under ithe curves and also the totbal %2K
remainling in the treated énﬁ the control muscles at the end

ol the experiment,

The significance of the resulis when determined by means

of & paired "t' test gave a value for'p'of greater than 0.9
L2 &
for the ralte of K released by the muscle and the diflference

L2 4
between the amount of B remaining in the muscle was not

gignificent, p >0 7. This value shows t“?ﬁ no significant
et e

difference exisis between the amounts of K released by

the/
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ZABLE 3

Lo 4
K. Releagse from Frog Sartorius Muscle afber

Ixposure to 10 ue, per ml. of Protoveratyine A.

TR

EK%&%& Afga ﬁeﬁi&ﬁal Lor® in mui@%@ Difgar@
j’gﬁfm ggg‘t}ggﬁn control test (ﬁenie I
e ‘
1 v by 9,721 11,3127 el 106
2 w .l 33,584 30, 020 +39§60
3 - 9.5 6,027 7,105 ~1,378
I 4+ 13,0 22,992 25,836 - Bhly
5 | = b1 53,665 35,057 | ~ 272
6 + 2.3 11,945 10,731 “1,21h
7 R T X | 5,515 - 25@31 | +3,080
8 - 10,0 6,416 | 6,255 + 161
9 - 9,2 | 12;885 15,082 =2, 19T
| » > 0.9 7 0.7

Column 1 shows the aveas beneath the curves, the sign s +
)42 wn
when the conitrol muscle releases more K than the treated
and ylee versa.

Colunm 5 pives the difference in residual eounits between

the gontrol and the best muscle,.




L [ Le

bhe treated and the contrel museles, These resulis support
the conclusgions reached in the earlier work that protoveratrine

in concentrations which are sulficient to sensitize frog

t‘::-

skeletal muscle to the stimulant action of K do net cause
.‘:.

any increase in the K  efflux from the muscle.

Method B

225
G11llle and Lewils have siown thal comparable resn}ta
12+
were obtained using both dMeltheds A sand B to measure the K

output Trom Lrog skeletal muscle,

Tan experiments were carried out lu which this techunique
was employed and using firal concentyvations of 1,10 and
100 ug. per ml., of protovevatrinea Aié %Eo avidence could be
L4 R
found to indicate tohat the rate ol £ efflux was increased
following exposure to protoveratrine A, Under the conditions
off the experiment,acetylcholine and reserpine were both akown

L2 +
o cause an increase in the rate of B effiux.

Lo
The rate of release of the X  Pfrom the muscle was not

congtant but there was a gradual decrvease in the rate of

release during the period of the experiment.

The slope of the curve could be measured directly on the
record, this gave a measurement of the rate of release of
Lha b2

X from the musele, The total amount of K remalining in

vhe/
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the musele showed a decrease when the rate of gtimulation

was doubled, 1.¢. increased fyrom L00 to 200 gtimull per minute.

s R

The record from a typical experiment is shown %n Fig. 23.
This record shows that the rate of washout of the .QKﬁ
from the muscle was inareased if the rale of stimulation was
doubled., In fifteen ezperiments carried out by this method
protoveratrine A iun a cona@mtrfgion of 10 ug. per ml, had
LR
no effect upon the release of MK Prom frog sariorius

musales whether stimulated or vastimulalted.
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THE THIFLUBNGE o6 Pﬂﬁ?&??%&?ﬁ%ﬁﬁ A GN CCHE

u‘i £¢’ré} &w‘ él'}.y Jj%j} IL’“‘}'{T}{F‘} xf‘ “‘1» 'éji}f{% % NL%;?&;{{‘::»M?; «'E-" ‘;f'snm;:&fgj Sy '*Mri:hbs
BEALETATL MUGGLYE,

Host of the work done uweling leolated tissues as beat

ohjects hag haean Q&Pﬁiﬁﬁ DG uulug Frop skeletal mupels, 16
| 155,156,163 |
iz pgenevally h@iiavm@ toat the bDouwndary membranes

of the mouscle cells sbow similey propereies ond have simllar
P RIG 229
N .-"s. utn,‘?

[
fonctions in all types of muaele, SYome authoprs have,
however, wveported gualitative differences between tne eflocts
&

of cordiac glycosides on X transport in ampbiblian and

mammaiian nusolos.

To determine whether ithe alkaloids differved in thelir
effects upen amphlvdan and mammaliag musele a gerics of
experiments wan dong veing rat skeletal muweele. Thepe wevre
similar to these already earreied ovt vaing frog skelotel
nusele. In addition gsowme lnvestigeblons were made wiﬁg Lines
objaect ol ﬂ@ﬁ@ﬁmimiﬂg the influence of e protoveratying A

N _
on the oubput of Mﬁﬁ from the beabting isolatoed perlfused sad

hears,

Bat Skedebal Muscele

R A LB A

The majority of exporiments uelng frog muscle were done

with tae sartorvivs muscole, a few Holug carpled out with the
$ :

gastroonguine muscle, The uge of the saritovius musele in

the rat was lmposslible, hovever, ae this muscle is absent

Lrond
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k¥4
ehe
From rodents, The gastroonemiuvy moscele is o lavge thick

branched wmuscle, thils made 1t wasuiileblie Lor ozchange studios
due bo {a) the larvge extracellulsr volume of the musele and
(b)) the surbseguent delay in lon pelease into the bathing
madivm,

The goleus muscle wap choedgen as belng suitable for bthe

el

thin flat musecle readlly

Fon

sbedy of ilonic sxchanges., Thie is
accessible alter voflectlion of the gestroenemiuveg muscle, it
has no branchen and is sttached Lo the bones by twe ansily

yisivle tendong,

ligthod

Laboratory bred albino rate welghing between 200g. and
00 unaslestsd ap o sex wereé uwsed. The animals were fed
on a slandard laboratory diet and weve between thres and

five months old,

After proliminary sxpepimsnts to deternine the optimal
doese and egullibration period for the lpotope, & volume of
L2
2 ml. of lsobtonle ¥ Gl was ¢hosen and a suiteble

eouilibration pevricd was found o he twe hours., Ginsburg

'Da?
and ¥ilde - showed thatl the spocific agtivity of rat muscle
was 7O 90 80}3@@ cent of Lthe maximwn reached alter Latravrenouns
injectbion m£¢mﬁ$lm 2 ml. of the isotope in the f??m of an
o
isotonic sclubion sontaining 1.1% per cent w/'vy of e KQL wap

plven by intraperitoneal injeetion Lo the pats. NHNo toxie

efPoots/
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effectn were shown abt this dose level bub they freguently

became evident if wore then 2 wl., was given at a Lims.

Two howrs ofter the injecticn bhe rats were killed by a
blow on the nead and exssnguicoted by cwkting the throst,.
The thorex was opsasd and the heard rapldly dissecied by
eutiing through the base of the grest vesnels and perifused

in the way deseyibed in Chepber 11,

Ty remove the sartorius muscle the skin covering the
aind limb was peflected exposing the museles 0f the eald,
The tendo calepneus wee sectloned and fthe gestroonemiuvs

wpele was roeflected proximally o oxpose the soleus muscle.
The tendinous atitachments were cub through and the mugmle
ramoved.  When bobh sarborvius mugeles had been rvoemoved thoey
vievre rapldly welghed, aitiached by means of stalinless stesl
hoolks to wire stizpups, welghtod with a 2 gm. welght and
than suspended in 10 ml. of Krebs-Homseledd soluticn {fop

»,

doballs see Appendixn) in 1% ml, test tubes. The tubes woere

kept ot ﬁ?ﬂﬂ

in a water bath and aprated and gbtlirred by a
continuons stream of a wmimture of 95 par coent O2/5 per ceut
GGo s Thedi of the bath Pluld was T.k. The tesit musele vas
immersed lo Rrebg-lenselelt solutlion containing 106 ug. pew
wh., of protoveratrise A. The contrel muacle was exposed to
novaald Kreba-~liongelelt molutlon thicughout bthe expariment,

el

The muscles were imesvged for 10 minubes, alter which

Sheys/
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they were vemoved, shaken Lres Crom exesss moleture and
trensferred to a second tube. This procedure was voepeatod
8 to 10 simes ond vas glmilary to ihat previously described

Por Tyog mipele,

The radioactiviity of each twbe wap determined by cowniing
all of the soluiicn in an M6 llguld cownier,
b2 v

£

The rate and total exehenge of X dn the trested musgle
was compered with dbhet fgr the contyel muscle by plodtiing
ékg «;w
graphs of tas oubput of B agaeinst time. This method was

L )
L%x 1{3 5
we 4

identical to that wsed for the atudy of K axchange in frog
pugcle and hos beeon desceribed in the previous ahapiewn,

i

A number of experiments were earricd out vslng the method

of continvous perfusion previocusly desaribed in Chapter 9.
ha &

bl

and which wes used for the study off  § efflux in frog
naselo., To maintain the elreviating fiuid at 37@G9 it was
pagsed through glass eolls Imeerged in o consbant tomperaiure
water bath and the cooling ¢oll was disponsed with, The
small tlssue both containing the musele was also set in the
water beth,  Protoverabtrine & in coneenbrations of 1, 1O
and 100 ug. pew ml. was added o the clreulsting Lluld.
breba-Hengaleoll seolution wasused in these exporiments and
the musele was aspated with s 9% pey centd ng§ per eent Gﬁg

minburea,
he o
The effect of protoveraiyine A on the voelsase of K

Prom/
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Ffrom actively contyacting ¢lsectrically stimulated muselop

was studied using the apparatus doeseribed earller, SChapiey 9.

This was a moddflceation of that used For Loy muscle
tie hathling scolution was passed through a vater Jacketed

heating coll baefore i1 sntered the perapel muacle chanber.
§ & s

80 thet btne perfusling Fluld was meiontelonod ot 3?Oﬁg Krabge

Henseledlt soltulon was uged wp the perfusing Plulid and wae

aerated by buobling & rapld stream of Giz,ﬂ,,f' i‘.‘bz;-, minturve through
F.8 i

the selutlon in the reservolp,

Bouavre wave lmpulsas of 10 volts at & Lvreguency of 100
per mninute were used te stimvlate the musele whilch wap nade
Lo contact lsometrleally.

&
b

e results for the zelsase opff K from the soleus muscles

-

of rate winlceh were expossd to protoveratyine & have been

treated ln the same manner s was used foy expressing the

°F

resultas obbained wity feop partorius muscles nndsry gimilap

agonditions.

The methods uvsed were similar in both cases, the chiel?
glffeprences belug that for the mapmallan musclss the
exparinents vere performed at ﬁ?QG and the muselas Innersad
in Krebs-lenselelt solution and gassed with a 95 per aent
cryzen’H per cent GO, mintors, .

Tre,
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lopoo

1.000

Drug snd
Controlin
Ioc
D D o 40 50 60 X4, K O 120 IS0 140
Time -rrtin
U2 ¢
Output of K from paired rat aoleus muaelea

prerloualy loaded withH2K4-

0O e Activity of bathing solution from control
muscle.

X ¢ Activity of bathing solution from muscles
treated with 10 ug per ml of protoveratrine

A from point indicated.
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*0,000

1,000 » D D 0 s 70 # 90 10 lie 1D 130 140 10
Time —min.

Fig. 25.
k2 ~ 42 4L
Total K loss from K loaded rat aoleua muscles.
0 - Total activity of the control solution.

X ¢ Total activity of the solution containing

10 ug per ml protoveratrine A.
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The reagons for usling the method described and for the
statistical procedures hy which the results weve inter preted
are similasr in both cases. The curves obtained from & typleal
experiment are shown in Fipg 2L and Fig. 25. The Lfirst praph
shows thne result of plotting the logarithm of the counts
chtained from each semple as ordinste against Lime as sboeclissa
and the second graph is plotted from the same result??and
was obtained by plotting the logaritbhm of the total ¢“K'
output as crdinate againgst the time as abscissa. This second
graph is, therefore, the integrated curve obtalned rom the
game data. Very litile difference could be Seen in the CUTVEE
obtained, the resulta were analysed by measuving the areas
between the curves wiﬁg a planimeter, When the control

2 3
musele exchanged its K at a lower rate than bthe treated
muscle thisg value was given ag pvosltive. When it exchanged
at a higher rate the value was taken as being negative., The
differences in the arces by the curves were compared o Zero
using a palred '’ tesi, These differences arae shown in
tebular form in Table 10, The result of the *t° test
performed with this data gave a ‘' value of beiveen 0.7

and 0.8,

This value of *p' is not considered to be significant.

It wes, therefore, concluded that protoveratrine A in

concentrations of 1 ug. and 10 ug. per wml., has no signiflicant
L +

effect upon the rate of exchange of K in rai skeletal

musele,/
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musele, Yhis concluslion was supported by the resulis obbained

feom conbtinuous perifusion exporiments.

Eu 10 eaﬁginummm givenlation euperiments noe increoase in
bed b
the vate of J‘Kf reloape Prom »alt solsus mupeles could be
detected weling protoveratrine & in concentraticns oif 1, 10
and 100 ug., per wmla

on

Six exporiments were carried out usling the washowt
technigue dn stimulated rait golevs muscles BUT 1In no case
gould any oeffect be noticed following exposure Lo protoveratrine

A dn coneentratlions of 1 end 10 ug. per ml.

The vresulis obitained from thils serioes of expevriments
indicate that protoveratyine A in doses up o 100 wg. per ml,
Lg o
has no sigolficant effeet vpon ithe releane of K from

ptinmlatad or wnatimaloeted rat steiated muscle,.
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Weipht of moupcles in wmgwms RifPerenae in
Date . Lhe area
: Troad ‘ Goont oy
eEL Sontrol betwegn curves
om

5857
19,2
B5eB5657
e 5057
185,67,
26.3.57
Rolte i
28.1.58.

R

HMoan

99 99

&= 2-7:

b -

nEPect of Proboverairine A on the
RBat Bhkoletal #Hupelo,

DRiffovencen
by plotting the

@ g ° &, 7.12
w "’ W
2e7
Qa:# o LR et R BRI D e {:}. E;*f ;

b Ted

agK¢

ALY tesmt muacles exposed to 10 ug.
Provoveratrine A,

Por fuwbhar detalls see bent.

rolaaso DRrom ¥o

B o freom

in the earers bebtween the ocurves obialnod
b soleus museles,

par wml.



GUARTER 11 18L.
PUE HERROe OF BROTOVERATRING & N CHE BEETHR
OF BADTOAGUIVE POTABSLUR TONS FROM PREFUSED ISOLATED
Rﬁ.ﬁf Eﬁﬂ i?.ﬁ.'wu

These gbudlies vere wndervaken to debermnine whelhor there
.:u
was an inoareascd velease of B from dgoleated volb hearts

following the adminiptration of protoveratrine L., This has
already been demonstrated as teking place in the heart 1n situ
(Chapter 7).

Baeauss ol posgible dipect drug-indueed affects upon ihe

inotropic and chreonotveple mechanisms of the hoayt, the study
Lo 4+

of K exchaonpge in heart musele is wmore dlifliouwlt than 16 1is

in skeletal musele. This AAfFiculty hes lod vavious workers
o +
wire have studied an effects ﬁw dyugs on X egehonge in
‘.Jd"{.} !\‘ifj
gardlac wusele to WHe @jcuurxaatiy driven, iscolated Amw&wimm
5‘33 {7 (.u}{s
or ventrleles in preference to the whole heari,

The eariler experimenty wers cavrlied oul wsing
spontaneously basting hearts, but the varietion in the heard
rate Pollowing ¢ hfﬂaﬁms}iﬁtratimm of projvoveratrine A and thues
in the effiux of '”ﬁﬁ led tothe adopbion of a meibed in wilen

the heart was dyriven eleetrically.

Mathods

Ret hearts dlissected out zs deserived in Chaplter 10 wepe
removed and placed ln a Pebtrl dish contaslalng oxygenated
O,

Locke's solituion st 3k the blood was gently sogueezed out

and acy extraneous fat and connective btissue wahg removed.

A
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Constant Head

*-Oxygen

Out
Warm v/ater - in
Thermometer
S/Zver e/ectrodes
to stimuZator
F10
Oeiger*MuHer
flow counter
Suction pum f*.
?1lg. 26.
}5? for the oontlnuoua measurement of
K efflux from the eleotrloally driven“isolated, rat

heart.
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A glasg eanunla containing s lititls heparin was tied into the

aorba with Lie tip dlsgtal to the sowvitle valves and the heart

perfused wilth oxygenated Locke’s solution at e beamperature
235
of 3h to 359 after tho method proposed by La apgendorlT,

Parfualon hgaihim tachnigue hap been eritieised by many workers
and wagriaMJ in his veview of the pharnacology of the ooronary
clrculation gives o pumber of references Ho these publlshed
ewitiolomns. The major objections to walng this methsd fow
the accurate study of coronsry Llow are that a true messurae of
the coronary Llow is not obtained 10 the aowrtic valves are
Loncompetent and thal a congtant perfusion pregsire is net
maintained in the origingl Longendosf? system. Mo control
gan he exerted over the first of thessbwo factors bud the
sacond objectlon was overgome by using o constant hend deviae

see Flg,20. 4o malonbteln a constant perfuslon pressuye,

Adminlgtration of drugs was schioved by injecting them
into vae perfusing fluld through Lthe rbber tubing connecting

the cannula o the poepfuslion ayoioem,
L
The K released into tne povivelcn £luld was measursd

by two methods. In the Pivedt of these ine effluent weas
apllected for o 3 mlowte gorlofd every 10U minvtes bthvoughout
the perlod of the egporiment, Tﬂ@ volume of @ach souople
collected wae wmeasured snd made v to 10 ml., with water. The

radioactivity of this solution was thoen countsd uging an

i
&
v
S
et
-
e
¥
-~
&
2%
ig

Mo liguid ecounter connected to an avbomatic ¢

denopibed/
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dopoeribed previously.

TR

30 minvtes bhae hesyd wees usuwelly bheating
Jj,
rogulasly and it wag assumed that by this time the X

After aboub

Gxehangs wnul@i%@ proceading at & consitant rave and thot
artragellulay LWK“ had been washed out.

Protovarateine A lo a total dose of elither 2 oy 95 ugm.
was injected through the rubber connesting tubing inte the
perifusion £luld 30 seconds before a suaple was dve to be
aoligoted. The addition of the protoveratrine A Lroguently

led to a elight degree of bhradycardia,

The volume of the efiluvent varied allightly duving thoe
gollection period, 1t was veually between 2 mles snd 5 wmle. buk
no iaprovement in the shapg of the graohs was obitained whoen
the repults were expragsod as counts per unlt volume and the

voluwne was ilgnoved wonen expressing the resuiis.

Two mgjor dravbacks in the mothod just deservibed existed.
Cne wam that activity of the offluent could not be assessad

-

ﬁuri?% the experiment and taup Lt was impossible o tell wien
el b

bhe ?‘K flur was congtent. The second objecbion wep that the
inJections of proloveraitrine H sometlues onowed a digltalls-
like cardiotonle action due to ithe heart belng in a hypodynamic
congdlition. This regulted in ecardiac sloving which was uvsually
aacompanied by an lagreased cavdiag oubtpud and hoepee w

t}:éa?.. -
pogssible increasne In the ovtput of K in an atitewnpt %o

overcomne/
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overcomng thies AifLicality the heardt was driven ot a conptant
rate. This wes achleved by delivering sguave wave impulpes
Prom & stinulator abt the prate of 180 per mipute. The neers
wes stimulated by atbaching a paly of fine silver hooks to the
vlght ventvriele in the zeglon of the AV nede,. Impulses of
18 volts lesting 16 mﬂé@@ gere used o stimlate the heart.

£t was found that the heart counlid be keplt beating fue up o
theee hours befors any ilrvegulerdties In zhyilwm developed.

Fhen this preperation was weed protoverairing A couvld be added
%o the perfusion fluld withoutd producing eny allerations in

neavt vate or cardisce oubput.

£

The acguisiticon of a yecording retometor mede 16
possible b determine the agtivity of the effluent as L1 vas
sollected,. This was aschieved by allowlng the effluent o

*

flow through an FILO sthylene gquenched Ueiger-tller tubo

conneated Lo the regording ratempltay {mes Fige G, T The
amount of radicsctlivity was recorded on g moving chart aod
Lo+
when & smooth curved was belng traced, j.g.the K of the
'E"g‘ =N
5

neart was excheanging at a conlant ate with the ¥ of the

“

J?mhjun Siuvdid, bthe drug was added and ives affect upon the

i.

Dot T
-;. &

.,

I exchange was recorded an o change In the slape of the
L4

PEeord,
In e preliminery experiments samples of the effluent

colleated/ ]
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1,000

Uloo

30 60 90

Time - min

fig. 27.

Graph shoving the decline with time of the
rsdiosctivity of the effluent frcw a loaded”

isolated” perfuaed rat heart.

At A 2 ug protoveratrine A was added to the

perfusate.
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gollected at specified intervals were counted. hen the
logarithm of the tobal activity of @ach sample was plotited

againgt time a smooth curve was obbalned slalilar in shape o

~ir
[

shose obtoinod for rat and frog skeletal musale,

The oueve obiteined Lrom the resulis of o bypical

exporiment 1 ghown in Plg.27. PFrom tiade it mey be seen thoet
3;? s
Sfen WV

£Tr o

tie rate of eronangs of K ooccurg papldly at Lirgt, this
ig papregented by the indtial steep portlon of the curve,
?gi@ L orobably dus to bhe washing oub of exltracelliuvlay

L“K Cvom the neard, Yhis steep portlon ls followed by a
period during which the gradient of the curve s less steep
and remains regular. Thils portlon represents the exXchangs

ha + 10,1l

ef intvacellular Eoowith the B of ithe bathing sclubion,
In the preliminery exporiments the admindstration of a total
dose of 2 or 5 ﬁ?ﬁ of protoveratrine A sometimes led to an
Luerease in the #mﬁi conteant of the offluent budt 1% alago
Preguently couged powme alteration in the heart rate., The

l,(

differences in radioactivity vetween the saupls of effiuvent

coliscted lmwediately before the sdminisiration of

protoveratyrine A and the psnple collecied whilst the drug was
acting were very small and clese to thw limlts of experimental
apror., They did, however, iodlcete that wmowre raflned methods

vare required if eesults of eny slgnificence ware Lo bde

obhitalnead,

i’ftf}(i@ﬂ '&A“le\?" i?@ﬂ&x)t;‘% WETE }{@L)‘%_, E:}('{l l't;. ‘: & éd OGRS bﬁ ifo ?f’él't@

thel
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Fig. 28.

ilo »
Record showing output of K from driven isolated

perfused rat heart.
A. Start of experiment.
B. Addition of 0.4 ml, control solution.
C. Addition of 2 ug. protoreratrine A.

Fig. 209.
Record as above but at a later stage.

A. Addition of 0.4 ml. control solution,
fl. Addition of 5 )ig. protoveratrine A.
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the adminig ’.a%ton c? pW®muverauv$ﬂm A to bhe bn&ra in o uaua

doge of either Z ow b mg. aunaﬁ a aanﬁi&tﬁﬁﬁ-riﬁﬁ in the ratse
g« S '

of K ountpub, Thi* L ﬁicmrjy mnﬁwa in Mg, 28, & pboop

rise in tho troee Utﬁﬂﬁ”@d Pu? GWIBE ﬁu ﬂwuyg_ i, rise
was aob aus to Gy Qﬁﬂgﬁ iﬁ~p@rfu$i®ﬁ pv m@ur@-w&uasa~hy vhe. .

injeatlon of the smell valuma G2 ml, Qi ga?a on Dosause
when double Ghe vnidmm o5 amntfm% podlubion was ﬂﬂﬁa& ng chongea
ha 4 : v - LT

S

in ® mv%nnb w(@ Wﬁ@&g

The pecords frowm Lwo fypical. cupsrinonts dre shown in -

Pige 28 and ] ,.‘Egg'“‘xn’ﬁég. 28 %he heart loaded with

Ko owas mot up at & ond o steady fall in the euppui of K

ocouryed, ﬁﬁ'ﬁ o by 1de m& Q@ubvwi mﬂmaﬁi@m wan added aod
: . g?)f) py -

i
&

mhim’ﬁmﬁ 0o maniﬁ?ammt mﬁf@@% wm-%h@‘mu&pmt ol K’ AL Gy
2 uge of ﬁ?@&wﬁﬁwlu?iﬂ&‘ﬁ,W& Tadminiobered. f&in e

’ ﬁwllmmwﬁ by 8 wmarked rise in %ﬁm level of ¥ zdaw%a&&va%§ ol
_gg ,.'..
e @ffgu@nta &w ﬁﬂ@ drug was waghed out the rate of K

@ﬂwﬂ9$ f@&mymma Lm Lo prawﬁmum davel,

-

Ml 29, &ﬁgﬁﬁ‘ﬁmmt.affe@t of adding ﬁ e of

@ﬁ@ﬁ@V@?@%fim@ A o the &may@ Wh@ﬁ,ﬁhﬁ Zﬂik of ¢ “Gh&ﬂ 3G of
e A : ‘

K had deg: wmzm,k and weLs archauging r:a.*i; & e '2

ant rats, - In

this traco the “&ma wﬁﬁﬂ%!ﬁ% of tﬂw wﬁtrmuuoy«ﬁhu set at 80

Beeondn aam@mw@ﬂ thﬂ a sebiing of RG maﬁﬂﬁﬂﬁ 1m'ﬁige 28,
wnnqumwariy the rate mx ineresso . BOPe ane tmfﬁ@vmiqp gnd

reburn o the base line less rapldly.

Thes
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LX)
w3 &

Ihe &méunﬁ,@f K ﬂél&&ﬁ@@ by the m&ﬁi@ﬁwn kN
pratoverabying W&ﬁlum'mrum praparalblion Lo praparation hdf h
all 1O experiments an imaran@u in the ﬁmﬁ@ ox ﬂﬁuwhu ué % KF

2

iy

oucnered,. No ustima‘wﬁ wars nade of ﬁlbﬂuv vhhey tobal

cutput or the total woount of ¥ releassd durlng the acbion of

X

the drug. An dngroase of up $o 100 pex eent in the coun ing

rate wag seon in some experimoniba,

Binee this work wes dene a paper by Fi$k=aﬁ@ Kahn

D aaan mumi ;hudg thaepe aubbhors heve shown that the ﬁ@n”mméou

A

ol guinea-ply ﬂumut wits g veratridine QO&LJ&HIHP gsolution
. W
pfﬁﬁvﬁ’ﬂ 2 gxP”i f@lummm off B freom dsoloted,perfusad bearts -

than 1 wWhen 8 dwhﬁ“a?hm ﬁ&rmnnian &nlwtm@n Wak mmplu&@&«

e finding ; avﬂ wih@ﬂ Hove jndkgote that small ﬁﬁﬁéiw
"Qmm@& ox p?ut@va@@ﬁvin@ & im&f@ﬁmcw@'imﬁw‘iheveaﬂwnavyﬁ |
cireuls Lﬁ}l an QauRe an inereased wate of output of 4“%«_
Trom per ug@ﬂ *mian@éjrﬁbhiﬁ haprts wmieh are kept beoting.
amv@'ammﬂtant wat@a“ | - -

| Thvﬂe “@Fu$bﬁ mu&mawm gt fiéﬁ ngs obbained vslng

Y

memmalian heavts :m HBLTY.

MR



CHARIRR 12 |

| CER INPLUBNGE OF PROTOVEBATRINE A ON THE :
UPTAKE OF RADLOAGTIVE POTASSIUN LONS BY FROG SKRLETAL MUSCLRE.

To obtain a vi@ar@WApieﬁﬁPé af tﬁe.relatiOthipﬁ exipting
between the mode of actlion of the Veralrum alkalolds and tne‘;
signlflicance of the potagaium ion it ﬁmg*thmughﬁ-n&e@as&fg ﬁG _1

: : A2
ﬁtu@y the ialluence of a pure alkaloeoid on the u@takﬁ»mf f.FL
by skeletal muscle Lrom the éﬁ%@pnal'bathing‘mﬁﬂium, Thr@e/ 

different methods were used in this sivdy.
Hethad A&

A nuiber af'pﬁéliminawy éxperimentm wera'é§m&aet@ﬂ tgi,
. ‘ o : S e o
d@t@ﬂmiﬂa %h@_&ffeaﬁ off protoverabrine A‘mnfﬁhaupﬁgke of ‘?K
from the hathing medlum, Trogs of app?oxgmatély the sane grésé;
walght waré'kill@dv p&theda both gastrocnenivs museles
garefnlly remevad‘ana a@ach Qﬁ@’W@igﬁsd.;Aﬂn@ mupele of each
pailr was uged as a téﬁt bbj@at'&n&ﬁthe'cﬁhér as its control.
The musel@a,&ﬁpaseﬁ.to\th@ dbug weve baken alternately from the
left and vight l@gﬁlmf aﬁaeeaai?e Froga -and up o eighi frogn
were used in each experiment.- ?h@ muaalem'wera,placéd iﬁta.”h
10 ml, beakers ceach @bnﬁaining'ﬁ ml.»mffﬁannmfgngar“s golution, .-
gome of the K of(whiqh had. bean replac@ﬁ.by 4“K9 (fp? détailg‘

of the composition mee the Appendix}. The test solution
contained 10 ugm. per wml, of protoveratring A.  The experiments
ware carried ount at o room temperature off 18°9¢, and the

golntion hed a pH. of. 7.l.

- The/
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The best muscles and their controls wefw removed Orom the
radicnctive solution at suceessive 30 minute intervals, vepidly
blotted with absorbent tiseune paper and rewﬁ@igha&. HBach
muscle was then dissolved in & nil. of "Analae concentrated -
niteic acld and when completely dissclved the volume wag made

up to 10 ml. With the acld,

The total vadioactivity of the muscle was determined by
counting the aeid in an M6 liquid counter Gelger tube, the
counts were recovrded on an Beko Type 5500 automatic scaler

and expressed as counts per minute, -

The results showed a wide variation and the éethe& ﬂuffgfad

f?mm)éw? m&jorﬁ@iaaﬁ#a&@aga& (a) the mms@le@ vere thiek and
the ' K‘ex@hange.anly Gccuféed slowly an&_(b} there was a wlde
vaviation in the weights of muscles oblained from £r0gs of the
same gross welght. To overcome these diffiaulties a ﬁﬁinn@y

: b2
myscle, the saﬂtmriuagiwaa‘uaad and the }?K uptake followed
conitinuously in each mascle over a longer period of time.

This alsc allowed the use of a smaller number of frogs.

Method B

A
Direet Dotermination of the Uptake of &  of Muscle

The paired sartorius muscles of a pithed frog were
garefully exposed snd dissected free, using the method of
dissection previously described in Chapter 8, The muscles

were/
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were then repidly welghed. It was found that by @ar@ful,
3uﬁpem@nt and m@l@@ﬁian 1t wan possible to ohbs lﬂ palred

nuﬁglém differing Aﬂ Wﬁ}@ﬁh mub muﬁa buaﬂ 2 Mge

Stainless steel ﬂy@odermie n@@ﬂlgﬁ bent inﬁ@_iﬂenﬁigallyk
shaped hooks were atinched to the tendons mﬁ'@meh and of the
musele andlsﬁmp@nde@vfwﬁm*the“ﬁévwel of a 1 ml. tuberoulin
syvinge in a vessel canuq;nluw 33 ml. of K@ynu s modification -

&

of Prog Ringer's gmluﬁio?? lh whilch mome of the K had been
r@pla@@d my raaioaaﬁlvc ! it ; Th@ @ampmﬁitiém of this,salﬁtian:
is based on bho Sipgures fmr Prog piasma givwn ﬁykﬂann. (For | |
details of the composition of t%;g solution see the hppendiz. )
liﬁn@ muscle was used as a comtr@l‘am@ placed into the |

- radiocackive Femm=-Ringer’s solution and the other was placed in
a gimilmv‘solﬁtimn to which ha& b@en-addad pufficisnt

protoveratrine A to give a final amn@@ntra%imn.af 10 ug. per nl,.

Before eixpos 1no the museles o the ﬂaﬁﬁouctﬁV@ F@manLnger §
solution, allguot portions of hoth solutions wove dilubted 1
LOO an&_th@ radioactivity of each smoeolubtion detb ?minéd by
@Quﬁting”lﬂ ml . in an M6 liguid countber. lf ﬁhé aativiﬁiea o
of each solution differed by more than 1 per éent they wefé
discarded and a fr@sh~solutima prepared. |

The solutlion was K@pt.agitat@d an@ oiygenated by a
constant mtresmn of oxygen and was maintalned at a room
vemperature of 169 to 18°C and at pH 6.8, The UPCLER WETe

1eft/
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To rzcording Tub”“cuhn syringe barre/

f Thb/c/c
Lead S/iie/d

Uooks s/iaped
from hypodermic
need/es
GM6
A/uminlum znd
window counter
Sartor/us
muscle
Pig. 30.
42 +
Apparatus used for the measurement of K

uptake by frog sartorius muscles.



L0,

Ay
LR

lafﬁ Lmmne raed f@yfaﬂ-minuﬁe oY gﬁ,miwuté periods, they W@P@'
than removed f#@m'%hé solution and'ééﬁn 8206 of the muselé wag
washed for 5 seconds in a sbream of nenwradioactive Fenn- |
Ringer's soluition and 1gph& Ly blottaﬂ witm abasorbent tlsave

paper Lo rem@va adhey 19 m@m Lmﬁao

The muscle Waa then attached by wmeans of the bent ﬂeedié&"
to B syringe barrel wh¢ah waws 8o arwamgﬁﬁ that thé muﬂcléﬂ Wers
&ugpen&@d 1.5 cm. From %H@ wﬂndﬁv af}GMa alumdind vma end=windoy
Geiger counter tube with the centre of the muscle &ppwwximéﬁihg
bo the cenbre of the @Duﬁﬂer‘wiﬁémw.( ee WML A0.¥  he musele
“was placed in Tront OTC&QG ﬁmuubaﬁ for 60 E“@Qﬂ@ﬁg 1t wan 4hep.
removed, r@taa@a th?@mgﬁ 180° and inve p&wﬁ re=atiached to the .
syringe and veplucad before ﬁhe counter Tor a further minute@
This procedurs engure ﬁ.tn&a bn': surfaces of the musele were
countod and eliminated ag much goometricel error ag po&nzblp
After counting, the wuscle was wehurned to the radicactive

solution for a furither period.

The Geliger tube wam uwnnmatéa to a Lahg ar Hecowding
Ratemeter, the controls of which weres adjusted to glve opbimal
recording oonditlions, ithe degree of wadioactlvity bmiﬂg
recorded by & pen on the surfacy. of a moving paper,

The muaaleb were uwpually exposed for up %o three bou?m9 the

radloactivity being meagured at 20 minuieo AHLO“V@lBQ but in

some cases the muscle wae left in the wadloacblve solution fm?

up/
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up bo 10 hours, after which t%yi it was cewxbain that
equilibrium‘ﬁad been r@a@h@é.”j The total acbivity was
meagured at the end of this pericd by dissolving the musecle
in 10 ml. of'@@na@nﬁrated nitric acid and cownting in an M6

Liguid cowntewr,
| L2
This method was alse us aﬁ te determine the K  uplake

by lobster nerve, the only differences being that the lobster
galine described ln the appendix was used in place of the frog
Ringer's soltuion, and that the hooks were attached to cotion

threads uwaed o tie off the cub ands of the nerves,

L2 +
Method O - Tndirect PDetermination of K uptake.

he mebhod described below was devised in order 4o avoid
the continual rewmoval of the tigssue Lyom the bathing Fluid,
and in the cage of rat musele, to malntaln the muscle at a

congbant temperature.

The continuous civeulation apparatus ﬁ@ﬁcribed‘in Chapter 9
was used and the bfthLmL Tluid was made radioaciive by adding
8 small smount of }QE% o the eireyla@iﬂg solutlion pf%wr o
't 2 dmmersion of the musecle, The }ZK. wag added as L‘“E’éI(};l
from & syringe until meximum deviation of th@ pen was obtained
;w;bh the ratemeter GOﬂiPOld which were then adjvstaa to glve
’manmum &@nﬁiﬁiviny. Thl& was achieved by the ndélﬁimn to a
cirveulating volume of 100 ml, of approximately 0,05 ml. of

L2
earrier firee KC1,

When/
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When the counting rabe becams ntable and had atbtained a

o

mean maximun daflection (in most caser this was at 10 counts

peyr se@ond)9 the musele waﬁaj@m@fmod in the eiveulating

17 ‘ ’
solution, Uptake of the K was recorded as a decrease in
the counting rate which resulied in a trace, the slope of
which indicated the degree of ehéng@ and an increased or
decreased upitake was pecorded as a change lu the gfadi@nt of

the regorded slope,

The m@thoﬁ desgribed wa&zum@d“with’frag sartorius musele,
rat plantaris muscle and lobster neﬂveﬁ'but all attempte to
obtaln aceurately reprédueible effects fail@ﬁ.' The cause of
the failure peemed to be mainiy due to an inabllity to achleve
a sufficiently high specific activity in tﬂm clreulating ?luea
becavse of the limitations of the counting tubes. I solutions
of the sctivity used in the pravious method were used the l1ife
of the counting tube was of ondy a few wminutes duration.

This limitation maﬁfﬁit impose imEc to achisve a sufiiciently
. 1D A
high proportlon ?g ’rﬁ in the c¢irculatling fluid and hence the.
total amount of i?h baken up by the tissue Wh?ﬁ compared with
_". o

the circulating K was too low to show any significant

aifference on the record.
Rosulta

 The pesulis of the prelimimawy experiments in Whish Meﬁhaq
A was us ed.wav@ lncomaiuﬁﬁvc. Th@'%o%al up%aha ditfered

emnsiaerably/



The Effect of 10 ug. umw_EWa Protoveratrine A on the uptake of

ho +

K
by Frog gastrocnemius muscle using Method A.
v m4 Resulis of Two Typicel Experiments.
mwwmwwawww Time ow,mwwammwm . Weight of Total counts Counts per
1 in minutes ammowmm in mgm. in muscle gramme of muscle
Sample 5 control - test | control  test control test
A 30 520 626 38LG Lh50 6193 7103
B 60 629 630 L8gs 514l 7766 8063
C 90 510 512 7987 | 7350 15660 14355
D 120 815 820 o8hé wu&mm 12080 161569
E- 150 670 674 10985 | 11275 16395 16728
Experiment

2

A 30 77¢ 770 16656 | 16656 21531 21631
B 60 526 | 526 21563 | 20972 Logoh 39870
c 90 72 w72 28270 5989k oL161
D 120 476 L72 36L32 | L9105 77186 | 10L036
B 150 . 830 826 50536 | 68508 61181 82939
F 180 458 B Te 38702 51580 8L13L 112152
G 210 520 518 51901 | 857uLL 100184 165528
it 240 F o b39 136 L760L | 65663 109183 | 150603

L o , Lo +
In these two experimentis the treated muscle took up more K than the control

muscle in 10 out of . the

13 exposures,




-

atic,

~gonalderably hetween f?@gﬁ and . also haﬁwa@g hoth museles of.

& pair which were uﬁ%& as controls bo test the valldity of the
mathod., The r@&ulﬁﬁafvmm two bypleal experiments are shown |
in Table 11, ibr@ﬁ thene ﬁw& experiments iffﬁéﬁAﬁﬁeﬁ %hé%‘
there was aamﬁ'inﬁicfﬁimnKthat protoveratvrine A caused an |

: L2 ‘

increagsed uptake of 'MK by the muscle. Six expepriments WQP@~*
performed butb b@aaﬁﬁe“éﬁ't&@‘va@iﬁbility this method was

ebandoned in favouvr of method B,

The wesults obtained by using the mecond method were mueh
more uniform and although the rate of uptake differed between

frogs the results obtained vere more satisfactovy,

In additlon to eliminating the two major disadventages
previously mentioned as assoclated with m@%hwﬁ~£5'thia gocond
method possessed the added advantage of giving a aiﬁeeﬁAragaré;
Thig ensbled the activity of treated and the control mﬁaéig to..
e eampm@ed dlrectly without lthe need fbr,a’&@cay e@rr@@tﬁgn‘t@;
he applied. | | |

The aetlivity of the conirol and btregted muémle at aaeh,“i;f
cownting mpp@aﬂﬁ&,alongaide.@acﬁ @th@f‘am the ?éc@rﬁ and thé
neights of the pecord For each mﬁﬁcl@‘ﬁonlﬁ'bﬁleoﬁpaféd
directly. Part of the vecord obtained from m'ﬁ&pieél
experiment is shown in Fig. 31, |

¥rom thisg recoerd it m&y be seen that the amp;itnﬁe«qf the
trace, 1.8. tmﬁvd@gr@% of radloactivity of the mﬂsai@ wae |

" greatexr/
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greater for the muscle exposed to the protoveratrine A

containing solutlion then for the muscle aexpoged 0 a'cmnﬁrol’
e}ution of identlical activity. DBoth sides of each muscle

were counted each time and the mean amplitude for the two sides

taken as a measure of the radiosctivity of the wmuscle,

The radiosctivity of the trested and the conbrol muscles
were plotted agalnst time to glve en indliedhtlon of hoth the

rate of wptake and the total activity reached.

The curves obtained from a sample expeviment are shown
in Flg.32. From this graph it may be seen that both the rate
of wptake, shown as a steeper slope, and the total uptalke,
l.¢. the point at which the euw?a runs @arall@}gwith the
abscigsa and at which squilibrium between the & K+ of the

muscle and the bathing medium was veached, are greater in the

treated muscle than in the control muscle. .

The differences in rate and total uptake differed between
cxperiments, this was possibly due to a number of factors, a
more detailed discussion of which ia given in Chapter 8, 2gtJ
in every experiment performed the treaved muscle took up Kr
at.a higher rate than the control and ala@ took up a greater

L2 +
total amount of K.

Attempts were wmade to express the Torm of curves obtained
by mathematical equations and to compare bthem statistically.
No standard form could be found which fitted all the curves

obtained/
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KAuptake by Froq Sartorius Muscle
Tz&t PyA. Pachmusc/z /3mg.

Test

Control

T. (hr)

fig. 2.

42 ¢

Graph aaoving tae uptake of K by frog aartoriua
musale.

Thla la plotted fran tae reaulta dotained fram a
typical experiment aa ahown In fig. 31.

Ordinate - ocounta per secod.

Abscleaa time In noufe.



SV e

obtalined in the experimentsal series and these attempis were
not pursued Further.

4

Ten exporiments wers performed with protoveraitrine & al a
concentration of 10 UL, PO mlsign?.in ééeh @xgeriment %h@'éﬁug
increasad the rate of uptake of ghﬁ . The pf@bability that
ﬁhia increase could have oceucred by chance in ten experviments
out of ten can be shown to be less than O, 001, .An.analagau@

caleulation has been worked ouvt in full in Chapter 15.

A value of 'p' of less than 0,001 may be teken es highly

gignificant and thus it was deduced from these expeviments

that protoveratrine A significantly increased bobh the vate
| _ [ R S
and the total uptake of K by frog sarborius muscles exposed

L 4
to a bathing solution containing K .

Hothod G C

No reaulté,whieh were of any sipnlficence were obihained
uging the method deseribed, the reasons for this have béen
deseribed under Hethod c, ILack ¢f time prevanted further
modifications of this meﬁhad but it is included here Tor

completeness,
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CHAFTER 15
 TUD INFLUANGE OF PROTOVERATRINE A N THE
RULEAST OF RARTOACTIVI GALGTUM IONS WROM BROG
SKELELAL MUSCLE, -

- v:‘b

An excess of calclum ilons (Ca ) is known to inhlibit many

of the pharmacological actions of the Veratrum alkaloidss

thus the hypotensive action is reduced 1f the aniwmal ip

_ 101
pratreated with an injection of a calclum salb 5 the

. ofs n
degree of mensitization to K shown in frog muscle is reduced .
4 53 o |
or inhibited by excess Ca and the effect of the Yeratrum

alkalelds on the elegtrical ¢hanges in. stimulated nerve and
127
mugele is slteved,
151 0 : L .
Gordon and Welsh - suggest that veratring acts by

oot

digplacing Ca  from the gurfasce of the eell membrapne, bub
they arrived at this concluslon as a result of gitudying the

elactrophysiological changes oceurring in arthropod nerve

et

and not by any direct meagurements of Ca goneentrations.,
Bxperiments were carwisd out to debtermine the validity of
Gordon and Welsh's hypothesis and %o £ind out if this held

true for striaited wmupcle.

Paired fropg gartoriuvs muscles dissecied by the method

previously/.
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I

praviously described (Chapter 8) and ﬁmﬁﬁqwing in velght by

less than ﬁ mg,.warm_ousywnm@ﬁ in @@nmwﬁingev’alamlutien by
weans of a ﬂﬁﬂimléﬂﬁ Beeed Ng.lﬁ'hypo@@rmim aeedle bont into
Pire form of a hook, ﬁ.,m%, weiphted M th e pecond hook welghlng
.75 SKte |

The ealeium of the bBalhiag mn was replaced by

A5 e
radionctive Ca {(for detalls of preporation see Appendin),

tha solutlon being stirvred and oxygensted by a continvouy

gpitream of OEygens uh@ experiments were carvled out ot a room

o

bemporatore of 18 to l@ﬁﬁ ard the solubion hed a pd of 7.l

The musceles were left in contact with the radioactive
Forme=Ringer's selution €or % hours te enable the nonsradloactin

galoivw alveady present in the muscle to egullibyate with tho
Ag&} N '
Ga in the bathing medluwmn, Yo poecurate published
! ] f:" -b’w{;-

information of eguilibration times for  Oa in frog muscele

236 ,
could he fouwnd bub Happig gbates bhat from 10 S0 25 pey gond

«;nd‘}ﬁ . . .
o the tobtal La  of isclated frog partorivn muscles 1o
Ly e
raplaced by  Ga if the muselo Is soaked for fvom & to 18
] 123 N

hours in a sclutlion eontaluing 8 proportion of D

Aften/



APper préliminacy @xper&m&nt& ln which mumcla were
. ] ~§ 5 e
gxponed to a F@nnwﬂin@@r B solutlion contalning Ca foy

ERE 3
difterent Q@WlQﬂB of wime a 3 hour imaersion time was chosen
cag this was mund () glve aufjje Ly high a@c¢viuy with a

conveniently Bhort period of exposure.

At the end of the 3 hour period the mus G]G% wers remGVba
Trom the 1abellad_ﬁaﬁnmﬂinge?“$ solution and each surface of
the muscle washed for 10 seconds in a conbinuous stresm of
non-radloactive Fenn~Ringe f B a?Tutwong this was to wash Crom

L5 bt .
the surface any non-Tlxed 'JOa, Tach nuscle Waa“ﬁh@n
saspended in 10 ml. of oxypenated nov-radloactlve Fennw-
Ringer's molution and lefs in contact for 10 minutes. The
muscle was then removed, shaken (o reneve exeess moisture
and transferred to a pecond tube, this procedure was repeated’
10 to 12 tim@é, ne of the wmuseles of the palr was used as '
a control and was exposed to normal F@nnwﬁing@r°svsblutian I
shroughout the experiment. The other muscle was QXpOﬁ@@,tQ
10 ug. poer mli. of protoveratrine A Lor thre@iimmersians éf%ef.
b@iﬁ& exposad fOP one houy o the same solubtion as the ¢0ﬁtpolf
Afver exposure to the drug, it was reburned Lo the éwugmfrée
solution for two Purther ten minube periods,

The radiosctivity of the bathiang solutions was d@%@fmineﬁ
by removing 0.5 ml, portions of bue solution, adding O.1 ml.
of @& 1 per cont solution of cetrimide to ensure even spreading

and/
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and ovaporating bo dryness in o flat almmiuigm,§laﬁahﬁtﬁa By
Mneans ﬁf,h@aﬁ)?WQﬁ an ?ﬂf@&mr@ﬁ amp, wm@ﬁr&vi@é the mean
ﬁ&pth of solids left on the piamchamﬁe Wi @a&@ulmt@d to be ; 
Gu 01 mm. This Was nm@ wmall Ho moke sny a@pr@@:ahL@ ﬂlffaléﬁb&
B0 the counts and no @@rv@aﬁiwn for self-absorption e |
applied, The samples were counted uaing ﬁﬁ BW3H type mica
ﬁnéwwigdmw eaun&&r_@@%m&@%eﬁ thyough a ymabé_uhiﬁ o an
automatie gealéé;v @hr@e ﬁémglﬁ$ f?@m gach ﬁﬁ%Q.W@PQ ték@n‘

and @ac&amn@ méﬁn%é& for § miﬁ@t@&ﬁ @? whe?%'ﬁh@ count waﬁk
very low £or 1, 000 ﬁéa&nﬂé; Af er mmhﬁwa@ﬁlﬁg un@ bgakgrouna_
-@@unt the counis were %Xﬁ?@&%&@ as memm counts per mimua9‘;g3 M
- No aarraaﬁzaﬂ for Qeaay was umpli&d hecauss Lna lang hq??wlvf@{

? i!fj oot
of Ga of 164 days, made this mﬁnsa@saawy.

mmgmp%m’ ulmtﬁmwn

R T R

s 4@3&@2@@9&Qiggmggmggﬁggmgg Solid on tgz iagbheﬂm@¢

Th@ ﬁ@p%h af d@p@@ﬁbad &Qlﬁﬁﬁ on the plaaehett@ wan
@@%@ﬁmin@ﬁ.by measuring (2} the mesn vadius of a'mnmbar aft“
planchebtes Eeléﬁﬁﬁﬁ at ﬁand@m.(b) %ha Menn W&aghﬁ of solids
aim‘a.gﬁmlk of Famumﬁjngur?m &mlwtlam nlua Qs L ml @@tfimi@&ﬂ’
solution, The density wes taken me thab of Haﬂl m 2,16,

Mean w&zgh% of @@l&ﬁﬁ (lﬁ-ﬂﬁmylﬁﬁ) = Gaﬁﬁ mg .

%

aa‘v -jﬂ

Ciil,

"

Mean radiuvs (sﬂ 2 amm@mm), P, i

@@ﬂaﬁ%y of Nmﬁ? . D o s

NS
L 4
fed
o

The/
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The depth of sollds on the splenchette wes galonlobod
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{mw iﬁ'
bothat shows by éia:.wm., o apsure ~¢:,51'7% the yoate of reloeso

in the control end the tont muselo wmjﬁ*@ alika the two museles

wera run parallel wvithout axposure of eliber to the

Ay Lop

howr, The bteat ifm{fsfﬁﬁ was exposed o the proteveratring &

podution Loy three M mipunte perlods Shon roburned o novmeld

FonneBinger's selublon
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three, a maximuom was rsached during the sécond 10 minute

- period, Aft@w reburn to the normal bathing solution, the rate
15 Ak

and total Ca release dropeed in all cases to a similar

level to that shown by the control musele,

Ap faﬁ as pessible frogs of a similar gross weight were
used, bul no correlation between the body welight and welght
of the sartorius muscles gould be Tound, and the welghip of
muaale%iﬁiffer@d qﬁite Widely Prom experiment to experiment.
By very eérefui"di&semtidng it was possible to remove the
muscles so that thelr weights differeq by leﬁs‘than 2 mg. but
although the museles of a palr weyelyﬁuﬁlly comperable for

; ‘ doote

both uptake end rate of release of %)Ga , these factors were
widely diffevent in muscles from diffevent frogs, even in
cases where the W@ights of the muscles were the same. Due to
this lack of corrvelation betwe n expeviments, it was found
lmpossible to gompare the resulis dirsctly, using standard
statistical procedures. In two experiments (Wos. 3 and 10
in Table 12) the weiphts of the muscles were similer, but the
totﬁ% @o?nts recorded diifered by e factor of four. The raté

13 e
of JGa reloase, l.e. the gradient of the curves obtained,
also differed widely from one experiment to the next. Fig.53.
shows the hiatagﬁam cbtained in a ﬁypical experimnent,
Atbempits were made to derive eguationg fov the Qurgfg afber -

2

the methods employed by Soloway, Welsh and Solomon and to

derive/



TABLE 12.

45Calcium Release from Frog Sartorius
Muscle by Protoveratnne A ICAqg/ml

1 2 3 4 5 6 -7
Wt Total number of counts Percenlage oftotal Patio of
Exp* ofmuscle relecjsed during released by results
N9 C*Control exposure exposure exposure exposure in column
T*Tcst un to drug tocontrol todrug tocontrol 6 to7
c 80 17,085 3,361 13 82
1 127
T 80 16.180 2,839 17 54
2 c 36 7,104 1,552 21 84 1-38
T 37 8,533 2,569 30 01
3 C 24 9,918 285 2. 87 2 29
T 24 11,579 762 6 58
4 C 40 2,044 224 109 1-38
T 38 2,030 307 151
4
5 [ 0 2.436 237 O 97 175
T 42 2,335 397 170
6 C 54 5,289 586 MO 121
T 52 5,698 758 133
7 Cc 78 7099 433 6-1 229
T 77 8,543 1196 14 0
8 C 148 2,554 153 599 179
T 148 2,644 284 10-74
C 129 8.506 801 9-42 107
9
T 130 11,067 1114 10-07
10 c 27 2,849 161 5 65 1-64
T 28 3,156 293 9 28
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b5 e .
derive a series of rate congtants for ithe Ca release,

; due the eomplexity of the curves it was impossible to
but due to the complexity of the curves wag impossible

find any standard form of equaticon te £1% all the resultis.

Tha regults wore fiﬁally grpresased Withmut?p@f@y&ﬁaﬁutﬁ'
the muscle welghts ab all, The total number of counts pew
wminube veleagoed duriﬂglth@ gxperiment was twenty btimes gﬁ@aﬁar
than the recorded counis, because only 0.5 ml. ocut of the 10
ml. of bathing £luid was estlmated, The tétal.mumbar-ef
counts veleased into the batbing medium @uring‘expoauﬁ@“te £hé’
drug, ov during the corresponding countrol period, was
expressed éﬁ a pércen%ag@ of the botal numboer of ﬁoﬁnts

releaged during the run,

In every expa?i?antJ?ne'ye?aehﬁage of the tobal counts
. £ o e+ ‘ .

end, therefore, of QBGai released during exposure of the

mﬁ&éie w0 the protovewa%riﬂe"ﬁ,aonﬁaiﬁing aclutigng wan

greater then Ffrom the control muselm'during’ﬁhé corresponding

period of time.

The results of ten experiwents are ﬁnmmaﬁiﬁed inATéﬁle 12y
the finai column shows the ratio of bthe two p@?@@ntagag:an&'~
iﬂ.evary case this is greater than one - indicating a. |
mﬁrk@ﬁ'ﬂiffereﬁée between the effect of ithe drug ahd of the

control wolublon,

e/
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The probability that out of ten experiments the
difference between the sonbrol and the test eéxperiment is due
238 -
to chance ls given by the expression '
AL
p = ()
whaere p is the probablilisy that the difference ls due o chance

n = number of experiments.
~In this cape n = 10,

:LO
p = (B

J

i
e LY

100k

il

;L:) < & 001

Therefore the probability that the difference between the
coantrol and the test experimenis is due to chance ls less than
0.001 and protoverabtrine A hag therefore boen fhown to have

' 5 5‘ Qaude

a highly sigalficant effect on the release of Ga Lrom frog

sarLhorinte muscles,
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| INPLUBNGE OF PROTOVERATRING A CN 'TAL RELEAST .
OF RADI ow..s::zm GALGTUN _TONSFROM TOBSTER NURVE.

m the previous mwea&om 1% hes been demonsvraced bfﬂb
l.) nr}u*}—.
in fw?g aaf%mﬁium muscles which have been loaded with Ca
hE e ‘ .
mord  Ca 1s preleased from protoveratrine & treated muscles

than ff@m‘mmnﬁwoi‘mummlﬁﬁ.

The a§$§ rmpbyalolgglﬁal phtudies made. by Gordon amu
W@lﬁh 2 ? o veratiine tveated aw%hwmp@d aerva lod them do -
aamclu@@sthat %h@'mh&racﬁémwaLgm gPfeaty of veratwine were
due to the displacement of Ca  from the mémhraa@ surﬁaeeq

The weqﬁilj aacuaamble norves of ldeMﬂLO“y animals are
‘thiakly myeilnatad‘ana thae ﬁuvdy of lonle excﬁang&g is
al””ﬂ@ulug but arthropoll norves have Litt ble myetin aa& thoy
av@ more sulbable for Etﬁdl@ﬁ or bhjl Ly pe. Mmah of the
mlaﬁsi@ work on i@nlﬁ tranapevt e s eavriad-out u g aolated
glant flbres obtained from large avithropods, @.g. Lollgo and
Sepia. Live. ape&imGné'mf the@é wers not ob%é%nablﬁ in

et

GLa&g@w and the- m@fk to be de@aribodAwww ﬁﬁﬁriﬁd oult using

nerves teken Trom the cheliped of the aommwn Lmbgtefg Hom METUE -

yulearia,

L
Tﬁ@.ﬂa@apéa-@wuﬁﬁmmaaﬁf have 1&?&6 bhin1y wmyelinated
nerve aions w1&n a ﬁmalﬂ nvmae? of fibres in sach nerve
bundle. The amuwma off a number of awwgﬁ including veratrine
upon thaa&ecb?aphya¥o1@g;ma Pasponses of the nerve avons

of the ﬁm&?ﬂuan crayllsn, Gmmbmru% viriljmg and other related

apecien/
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spacies hap been deseribed by Cordon and Welsh, The

common lobster, Homsyus vulgaris, was used because of Lis

ready aveilability and similerity to the speéeles situdied by

Gowrdon and Welgh.

fresh live lobsters were obbtained from a local fishmonger
and uwged divectly. The animals, which were caughit locally,

were in good condition and welghed beotween 0.7 kg, and 2.4 kg,

The largsy of th@_tﬁmranéli@@am whimn was usually the
laefs one, was ocut off ail she aéﬁépeﬂite, The whole chela
was placed under "lobster %aline“‘(fmr_@ﬁﬁails pee Appendix)
and the nerve 0 the moveable dactyl was cxmposed byfremaving
with bone foreeps a portion wafha oxogkeleton of the
dactylopodite, and separating the musele fibres by blunt
dissection, The m@fV@ wae traged through the cavopodite and
into the meropodite by cutting through the exoskeloton and |

parting the muscles.

"

5 ek

The method used for -—mepsuring the releape of MJG& mg?_
gimilar to %hé method deseribed by Soloway, Woelsh and %oloﬁgg.
A porition of nerve measuring ebout O oms. in leongbh was
removed, placed into lobster saline and carefully freed from
connective tlssue. The nerve was then split longlitudinally
into two porbions of egqual thickness each contalning aboud
10 axons, Fine colouvred threads were atitached o each end of

the/



< L3

ﬁh@ bundles and the bundles wers th@@ %yamgﬁ@fé@iy dividéﬂ'
into balves. Half of @a@g'bugdlﬁ was used 65 8 control fq@'~
the other nale which was %ﬂ‘h@‘@ﬁpﬁﬁ@ﬂ to thé drug. Bach
portlion of the nerve had ﬁhﬂ@‘ﬁﬂ@ cut end amﬁ‘éﬂ@ thed eﬁ&r
Tying of tho QLL ends ha% h@@ﬁ.;hawm ﬁb ﬁakﬁ 00 diff@w@mﬁﬁ tQ 

L5 et 25¢
the rate of = Ga réiease'xwam labﬂtar NOLVGs |

%mne nerves were thbm ﬂvﬁp@ﬂ&ﬁd in lobsier gfginap “bhe
el 1 wefu o
Ca of which had haﬁn w@pla@od 3y vad&uauumw& )Caw‘ﬁ - Phig
solution was muiprad amd afvfema@@ﬁ by a @@nzinaaum a%ve@m ‘
ofoxygen, the golution Wa$‘kepﬁiqT room temperature and had
a pi of 7.8, Tho me?Véé"wé%é left in this solution for
‘1 hour, after. whi@h “h@y were ronoved aﬁa each ﬁaif w&ah@ﬁ h§
a large OHEOED or ﬂ&ﬂm?@ﬂ$0ﬂﬁbﬁvﬁ i@h@&oﬁ PdlLﬂe foxr 10
minaten. This was aehievad hy myinﬁ uha threads Qbaaahoa t0o
“he nerves o the arms of a giaﬁa'prlaee attached to an
agplrator agﬁtaiﬂingAthe'n@nwradioaetiva galiﬁﬁa The 3aﬁaj-
o flow b"bhe ﬂﬁlvﬁiaﬂ wq4 eaﬂt?ml3wﬁ Wy a screw cllp and
woe adjusted to a conatant ﬁau@jof1120 drops por minube.
After washing, each nerve was transferred to a flatb
alunindum planchette, ABRE Type A 36688, conbaining Q.é ml,
off lobster salins, the thread was removed and thée nerve lefi
in the ﬁ@lutieﬁifor lﬂfminu%eﬂw After thils périad.the NOrVe
was then trensferved o a mecond planchetie ﬁdf a furither
p@rio&.of'ié minnte&n ﬁlthgethe? bhi o pwucéﬁﬁ,ﬁaﬁ~repeated
ten times, The Tivst ?ive planchettes in the test run

- sontained/
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contalned lobgber saling and the second five lobster méline

to which had been added protoveratrine A. iihen é ﬁ@luﬁimﬁ
gonbaining 100 ug./ml. 0f'pfﬁ%ovaratwina was used the nerve
wae only immersed in this &oluéionvﬁmr throe 10 minuie p@riaésg
is8. in planchettes, 6 7 and 8, afber which it was returnéﬂ o
0 normal lobster saline fovr two fuvther paerlods of 10 minubes.
Thig was done to determine the pomnsible alter effects of the ;
drug. The gontrol nerve wam QXpoﬁéﬁ L) mammal'labﬁﬁ@ﬁ galine
throughout the experiment. At the end of tﬁ@ ﬁﬁnzih@ DOTVE
wag coiled on a tarved planchetie anﬂ the wvelght of the nefv@‘
determingd Ey difference., ALl of the planaheﬁt@w ingluding
Cthe ongs containlng the nerve, were then dried under an

infra-ped lomp.

The rodilosctivity of each pample was determined by the
me thod degseribed in Chapter 13, and expressed ag counts per
minute alfter making the requislie corractions. Heecause of |
the small amount of selts deposlted wse Gﬁapﬁaf 135, no
covrvection for sell-abserpiion was mada, Eaah sample was
counbed for three periods of 5 wminutes each and the mean
counts per minute caloulated..

b v+
The effects of exposure of ithe Ga loaded nerve 1o

protoveratrine A at concentrations of 1, 10 and 100 ug. per ml,

vere sbudl ad.

Wo/



No method could be devieed to determine the total Ca
upbake by the drvg after inmersion in the labelled lobster .
ﬁalinelﬁmah?afaw@ the start of the expsriment ﬁrmpﬁw. The
botal %jﬁa“ Lﬁlng im the a@wva aftey bthe initlal washing
period was ﬂQbSWMLR@d by &ﬁ@iﬂ? the Lntai gouwnts releasged

from the nerve to the total aumber of counts remainlng in the

nerve at the end of the experiment.

The determlnation of %he total counts faméining in vhe
nerve wes made by colling the nerve on a planchette, dr ng
it and then aeunting" This p@@&&ﬁurélguff@?@a from the
disadvantage that no corveetion for self-absbrpbion could be:
made hecause no practical means of measuring the area oeéﬁpiéd
by the newve could be found, this was ewtimated to be of. the
order of 5£§Q‘ ?m. but vafiod considerably Cf@m neIrve L0 nerve,

0 e

The total lgﬁa © gould not be aﬂnveni@n@ly noasured by %
ugual methods of dlsgelving the nexrve in acid or alksli ag
these agenits r@g§$ed with the aluminium of the planchettes,

Soloway @b allil  tried a number of mauhad$'wiﬁhmut BUGCeHH

and they finally uged the method adopted here,

To reduce geomstvie errors cach planchetie was counted
th?@e times, this reduced the evror as each time the

0rgantdtiwm of the planchébte on the ecarrier diflered.

Wide variatlions both in the $otal uptake and subaseguent

release/
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| bt g .
raleans of = G& - oeeurred betvween the experiments and thers

Wan fﬁ@qﬂ@nﬁiy a marked ﬂiﬁfewag&e botwesn the gmﬁ%fél me%ﬁ&»~
- and tha test nevve b@féﬁ@ thé‘@xpmaur@‘tb the @rmg; The
;ﬁﬁtﬁfﬁ of the &xg&wimé?b M§§ﬁ 1t impossible o detect the
variation between he %Jﬁaf content. of the test and ‘the
ﬁﬂﬁ%ﬁglAh@fQﬁ@ th5 s%a?ﬁ Qf the ﬁﬁ@@vlmmaag h@eah 3¢ the
g@mm&ﬁrimai ArPOLS lnvwivaﬁ im Gﬂmﬂb!ﬁg the ﬁ@&iv iy of %ha
ﬁﬂW@bypemhw*mﬁﬁwtnMW@hmwM&@msmaummmfmmﬁff

5 et
would be much greater than the verlation &HvﬁhﬁH%Qﬁ&l b@a k
uﬁ%&&@, To w@aua@ %h@ﬁ@ variations the %m%&l a@uﬂta pep
‘m¢nute releaped during emmmmu?@ to the drug ow the ﬁ@”ﬁ%ﬁpﬁﬂﬁfﬁ
Gonsrol y@ri@a have Deen aﬁpr@%sw& as hoth 8 percentage of |
the total nuaber of @@&nmm.m@&@aﬁaﬁ from the nevve into the
hathing solutlion and as a percentage of the total nuvmboewr @f
counts contained in the nerve at the start of ithe @&par mente
The latter value was deteramlned by adding the number of @@uﬂté‘
r&iaaﬁ&d &urimg the run 10 th@'aﬁmﬁef éf counts remalning in
the nerve,

By ﬁzpw@ﬁsim& tﬁe repulis as perce ﬂtageap the vﬁwiaﬁi@na
between m@p@wim@nba wore yory much redused and the a1 ffafég&@é
h@twmaﬁ the aonbrol and treated nerves wn dilferent @gy@?&ﬁ@nﬁﬁ;
wore m?‘ﬁhe @ﬁmﬁ'@yﬁar. | :

The results of the experimsnts are ﬁ%mm&ﬁ&%&ﬁ in Table 13.,

Table 1L and Tehle 15.

The/




22¢€

: s e
The figures refer to the peveeniage of Ga reloased

during the exgposure of the nerve Lo provoveraterine A, The
thiree tables show the resulis Loy protoveratring A at

goncaentrations of 1 ug, 10 ug and 100 ug respeciively.

The dlffevences between the treated and untreated nerves
care ghown in the third line. Theme differences were compared
to zero by a peired '$° test and the probability that the
diffevences Lrom zero occurrved by chance wag doetermined fop

Both methods of exproessing the resulis,

When protoveratrine A wag uﬁo@ in doses of 1L ug. per ml.
the probabllity that the dilffersnces between the test and
gontrol nerves wam due to change was determined from the 747

value obtained from the data dy "Student’s™ test. When the

L5 A
gmount of Ca released was determined ap a percentage of

the total smount released gﬁ” was found to lie between 0,7
) . 5 aels
and 0,8, when the released On  was expressed ag a

percentage of the botal teken up ‘p’ lay betwsen 0.1 and 0,2,

These values for 'p' indicated that theve was no
aignificant difference Trom Zero end that no difference could
be detected between the treated and the unirveanted lobater
nerves under the conditions of this experiment.

Similar values for "p° were found when protoverabtrine A
in concentratlions of 10 ug and 100 ug per ml. wvas used.

- With concentrations of 10 ug. pee ml., p »0.9, When the

rel&aaed/
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14_5 w:i -}s
w&l@a&wﬁ Ca ﬂuﬁlup treatment was expressed as a percentege

the total amount ra]*ad@d wnen crpregsed ag uotal uptake
0.5 >p >0.2”3.
for protoveratrine A in concentrations of 100 ug. per

ml. the wepsective ‘p’ valuesm were 0.8>p > 0.7 and 0.9>p 0.8,

From these results 1t was coneluded that under the
aanﬁ% ions of the experiment no increased release of Oa
@mul@ bhe demonstrated in nerves exposed to concentrations of

protoveratrine A in concentrations of 1 ug, 10 ug and 100 ug.

per mI,

Tbcﬁe Pindjngm were nut expecied, hobh fvom a a@natderAugan
o 151,239
of the work of pr@viauﬁ amth@ra - and Trom thﬁ-finﬁinga:
deseribed for muscles in' the earlier seobtlons of this thesis,
The possible explanatlon of these Aifferences beitween nerve

and muscle will be discussed more fully in Chapter 15.



CHAPTER 15. o 2es.

DISCUSSION.
. - Ftl)r .
'Tna pﬂenmmanmm uf &@nni*iﬁ L%on to K aﬁown by many pf'
the Voﬁgt?um alkml@ada has not yebt been fally @Xﬁldiﬂﬂf In
B3, |

?bh@zr raview of the ﬂub}vsb Goffart and Daeg - put Torward a
nuwber of hyp@tﬂ@ﬁ@ﬁ but were vneble to develop any theory to

account for &ll ﬁh@‘knmwn oot

The @mporlmmnbm dc evlh&ﬁ in Chapter 2 were of only &
preliminapry nature buu_%a@y indicate that fuvther ’”p&ﬁiﬂ?ﬂtﬂ

of a simple nature, such aa the ones deseribed, may- load o a

batter wnderatanding of this problem,

The degree of ﬁen&itization of frog skeletal muscle LO
0
uh@ quvmulant action wf K pre&uccd by proteveratrine can be

varied by an altnrabion Qf %hw xgmja compositlon of the bathing

“perge

medivm. A raductimn in the @a @onﬁenﬁ of the hathing medﬁmm
has been shown to patent*ate the sensiblizing mmsjou of
protoverairine. Lm o normal tissue bathed by & phy&i@l@gical‘

- sallae golut ioa Qontabaiﬂg a number of iong, the long in the

‘.&‘

? tion arve lu dynanlc @qnillbrium with the long either within -

e

the cell or bound at the surfaca. Lowering ef the Ca
concentration of the bething medium would, therefore, shift the .

equilibriwn point iy favour of the solution end lead bo
L S ++ . ' .
reduction in tha’ﬂumbef of Ga  bouwnd to the cell surface,

ofwode

Lowerln5 Qf Lh external Ga ooncﬂntwatiﬂa hes been shown
to- Pesu1c in an 1ncwe se in the permeabiliby of eell membranes
B S+ 130, ]53 156 - 4 L

to Na and XK, , Byvidence from previously published

wa?m/
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work summerised in the intvoduction, and obtained from the

original work described in this thesmlg, indicates that

protoveratrine also inereascs the cationlc permeability of
certaln tissues, thus it may well Be that the Ilnereased

. 4 . ST e
senaitlization to K produced by protoveratvine in Ca  ~ low

e
and Ca - Pfree Ringevr's sclution is an additive effect,

The findings desovibed in Chapter 2 mayg thevefore be
» 59930791J
taken ag supporting the suggestlions of previous auvithors

that the action of the Veratrum alkalolds may be due to the

“:)” ":‘ Rz R W’ '
displacement of Oa from the cell surface.
..: .

The reduction of the K @@nsitizing effect of protoverdtring

A
Ll

in & K =free bathing medLum eqn be explained as belng due 1o

ﬂ\a ote
an alteration in the CGa /K watio of tﬁ@'ba%hing madiun.
4 - A
Reduction of the K congentratlon may therefore he looksd upon

e A
g producing o velative in@?eaﬂe in the Oa aencentration.which
londs to a shift in the e iiibﬂin in the opposlte direction
et
to bhat which occures in the low Ca solution, Thig shift &n
@quilibrium opposes the aatimhvaf the 9eobovawahwin¢ and
3 :
prevents the drng from showing its chavacteristic K -
sensitizing @Pim@t‘by reducing the increased permeabllity

brovwght about by the protoveratrine,

Previous workers have shown that -mixtires ob lupure
preparations of the Yeratrum elkaloide heve po antibisteminle

50
or anticholinergic actions, These findings bave been

@Qﬁfirmﬁif
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confirmed using pure protovevatrine A, and i{ therelore ﬁﬂéM%
most unlik@ly that th@,M@ﬂim%iéﬁ oF aith&ﬁ ﬁﬁe reflexly indﬂceé‘i
effects of this drug, or its divecti effects on nerve and mﬂé@leg
L& br@ﬁgh% about by aﬂﬂa@éni&m to the actions acetylcholine ov

hiatamine..

The two effects, viz. inhibitlon, and later sensitization
to 5-~HT inﬂuced'eqntractiemm‘of.ﬁhﬁ_guina&mp;g ileum which ha§e,
heen shown to @evéi@p following,@xéosﬁre tmllow-qonaentratioﬁa
of prmtoverai&ine hévé not previously b@@n &@aérib@a in the |
literature., From a‘c@nsiéefation of the chémical structure
there seams 0 be no obvious wrelationship b@ﬁwe@n gither the
alka@in@ nucleus oy the aei@ mﬁdéﬁi&s of the protoveratyrine.
molecule, and it ihuava@@m% unlikely that the effecis shown
‘hy'the drug on 5-{Y in&aeed'contra¢tionm"ar@ dué ﬁq any form of
competlition Loy receptor éiteﬁm |

_ A possible explanation of the,@nhibiﬁory effect of
protoveratrine A on 5+HT induced contractions observed in fraahr”
gut is thet the contractile gtate of the gut differed slighﬁlﬁ
from that which éxiﬁteé at & later stage in the @xpévimeﬂﬁ' s
and wnilst in this eonditlon 1t was more sensitive o the
stimulant effect of 5-HI, This decrease in Sensitivity to
=117 was fregquently dba@rvgd'but;it diffored fwﬁmiéachyphylaxia
-in that constant responses.to a given &dae W@ré évem%ﬁally‘
obtained, The lavge convracilon eausé& by the a&@iﬁimm o£

protoveratyrine/
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provoveravrine to the guts may have led to the exhaustion of
available ressrves of netabolites or to Latligue in the muscle,
during this period doses of H-HT., were less effegtive in

preducing a cenbrachlon,

It has been veported that intravenous injections of

210
B=HT, con elleit the ﬁﬁzmlﬁwﬁariﬁh reflex and atimulate
2401, ' :
carotid barvoreceptors Iin addivion 5-~HT hag a merked

atimulant efﬁfg% on pensory nervve endings, especially those of
e _
pain Tibress, These effects pre also charactervistic of
protoveratrine and it mey be that the effects of both
protoveratrine and 5-HT. are mediated via & common afferent
nervous pathway end this effect may involve changes in ionic

digptribution at or across the cell mewbrane.

The sensitizatlon 4o th@'ﬁtimulamﬁ action of 5-HU shown
after exposure of segments of ileum to prw%ove@ﬁ%rine @ay he
analagous to the sengitization of the frog reetus to Kk which
was discussed earller. It may be goen from #ig. 8 that the
sensitization 18 not a slunple additive effeet because the effect
persigted in P@%pﬁﬂﬂ@ Lo & @ubﬁ@qu@nt dose. of 50T after the |
pretq?@raﬂrin@ & had been washed oul and the base line had

returned to its normal level.
The stimulant effects of acebtyleboline are helieved to
ader P ; ; - 1 N » - x
involve the parbticipation of K© and it wmay be that this lon is.

somehow/
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somehow involved in t he stimulant actlon of 5, Thus the

senaltigation te B-IT, shown by protoveratrine may be due %o

s
An
)

an effect which involves sensitlzation to the B  participating.

in the 5-0T responne.

The depression by protoveratrine A of oxytocin-induced
contractions of the isolated rat uievus was vneXpected, but it

st be nobed thet this dépressant effect only occurred Fl th

relatively large doses of protoveratrine A,

The mechanism by which oxytocin induces contraction of the

smooth muscle of the uwierus is ‘still unknawn.' The metallic

cationas, egpecially K , may be involved Lﬂ oxytocin indueoa
, 2L35 2l ‘ r
gontractions as in wthe? Porms of muscle . No evidence. .

.“L

of any K sensitizing affémtiaééid‘be“demonﬁﬂrat@d in thié-
preparation. | | | | |
5

The oxytocin mol@aul@wjﬁ an notap@ptide of knovm atrué%uré_
and it is conceivable that bho mo o@uie of protoveratiine, which-
is ajao a relat lvc] lawée rigid mal@culag may‘be‘aa&oybed o0 to
the caell ﬁuffdtﬁ anu by ﬂineb sterie hindrance prevenls the |
m0100u1@ of OAytocin f@em”reﬂching”i%ﬁjyeceptmr gites, The
smalleyr moleciules of himt&ﬁiﬂ@ aﬂd‘acetylaﬁdlim@‘mﬁght not be
hindered to the seme extent and this may acecount Tor Lhe
salective acuion of protoveratrine agalnst oxytocin indugaé
contractions, . B , .

The direct stimulant effect of prétovera%rime A on the

igolated/
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3&01nt@d gufmoq«p? ileun has been deﬂeribea@hyﬂﬁaierg Pripod
lpi .
and Eﬁﬁn and Por other Vara&rum preparations by various
_ 50, L16 117 /@
anthors. - Meler ef Za - bave phown. that

protoveratrine Aéimﬂuced eontractions of the gulnes-plig Lleum
can be anuﬁgantbed by atroplne, éna that phentolamine antagonizéé
%na.%paammgeni@ effeat of protoveratrine A on the 1&0Lateé
seminal vosaclw of the guincawplg. They have u&md.thaiy'r@&ui%@
as evidence in lfavoue of th@lr'thewry ox¥ maét@f rea@ptéwé (see
Chapter 1), but they hwve mede no suggentions as o how

protoveratrine induces a contraction of smooth Muscle.

The ewntraotton uf isolated ind *tlnq} smooth musecle is

pelicved to be the rosult of a process ¢f depclavization and-

Tate

B 1:5 been ﬁS?Fﬂ that the coanacLlon i aaadmpani@ﬁ by an
efflux of &1 o This finding Pits in well ﬁiﬁ@ the meﬁbréﬂe
theory and on %h? basislaf bhis theory 1t c¢an be argued thdt
an increage in K concentration ait the aﬁterior of the eell ov

a&
a decreage in'in%éﬁnal X cénéént?atiam will produce
depolarizatlon and 0@ntvactxen, Th@ pQSwAbli ty, therefore,
exista that the contraction produced by protoveratrine A is
the vesult of depalaﬁkﬁatimﬂ resuliing from an altersntion of

the azﬁtr¢buulon of 10&& agroms the cell membrane,

No,measurem@nts of th@ reating potential of protoveratvine
treated smooth muscele cells have been wmade, but 1t hasn been

shown by oth@ﬁ an$h0rm that veratridine markedly yedﬁee@ the

resting/
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renting potential of nerve and skeletal muscle,

The vesults of the more detalled studies on the influence
of protoveratrine A on the digtrivuiion of cetions which have
been desceribed In part 2 of thls thesis gmay offer a possible

explanation of boith the slimulant effeet of protoverabrine A

KN

and the antagonism Lo this effect by Ga. The results Trom

experiments upon frog muscle (Chapiers 12 and 13) show that
. - . aev
protoveratrine 4 couses an incereased uptaks of X and san
o ’ S ‘ .
increased output of Ca. It is possible that these two elffects

are related and thait a sgimilar pattern exists in both skeletal

Cand smooth musele.

I protoveratrine A reduces the affinity of the cell
“te 4
surlface for Ga and permits the adsorpiion of ¥ o the

ot

apnlonic sites, the increased councentration of X at the eell

surface would lead to a reductlion in the potential difference

108
agross the membrane and to subsegquent depolarization. The
. R .!“». .{.- ' .
addition of excess Ca may reverse this effedt and it is thus
*:n .&;

posaible to account for the antagonism shown betwegn Ca and

protoveratrine A on the gulnea=plig ileoum.
188,169,203, 212,

HBiver sinee the ploneer work of Bacq and hig school
it has been genervally agr@ed by all workers who have studied the
bagilc mechanlsm of-aation of the Veratrun alkaloids, that
definite relationships exigl bebtween the pharmacoeloplceal aetions
of these drugs and the potasplum icna pregent in the system.

The/



Ph@ @deenua painulng to this PﬁldiLﬂﬂbhlp nmm b@Lﬂ fulTy
aummaPia@d in thb Jn%vodua%lon ho thaa Lh@ﬁib and from a
50nﬁia@fat1om af tn@-mvid@nae it app&ar@ that ﬁhe~
',phwrmacolog caiAy aehzv Véwa Lo aRkaJo Lds. can altar Ln@

'ﬂl Leibution of Lmna bﬁhwman the inuracellujav awd the
axtracellﬂiar Dhaa@5¢ vThi&-balan@@.may be upsat in a smmilar“:
-Mﬂﬂﬁaﬁ in all the mellb of the hody affected by the drug, but -
ne concrete evldenee has yet been put forward Lo Qoﬂfirm’ﬁhiﬁ"

TLOW,

] e hiﬁ been kﬂﬂmﬁ “br'manytyears that ﬁn®<meta11ic ilons
.K and Na occur iﬂ a?l 0Wganlmmb ﬂnd that tmay 8yre @sn@nblal"
for the ﬁovmal 1unc#¢0n¢ﬂg of” Livjng meilm,~ Tt mmy th@fﬁfQPQ“
ba @ﬂp@@uea that aﬁy ambalnna@ Zn umg ratlio EOﬁmW13y existing
jb@tween the concent vatLan% ol ﬁu@uc two ions lel be accmmaani?&
by wltewatian in %he noemal Qeiiv Lby of the affected G@ilﬂa_

a
-}t

'y

The hypoth@sa which Pavcur the par b, Lpat¢on of E in’
the actions af;ﬁﬁa Eggggggg alkaiai@g have beeﬁ dndvéed.mq{nlyl
from ﬁﬁﬁﬁﬁéct 6#1@@&@@ derived from th@ mLu&y of two di?ferenﬁ‘;\;
typcb af LlawveMQ gix,mmmmalman aaﬁ amphmblan nmrvaws b1$3U£9* 
and,amphibiqn skﬁlﬂtat mua@Le. Th@ @vxdamao'ebba?a@d Lrom E
@xperim@num mode vp@m nervous ai&auc ha% oitheﬁ bmen galined .
féoﬁ‘%he study ﬁxweieaﬁrcpmyaiqlagical andng~¢ m@a&uaedsby
thé'arugg ah&;iona‘usad or by stedying the raflexfeffacté-
-ppoﬁﬁaﬂﬂ by-them (ﬁaa Gnaﬂtér l), The @viﬁ@ﬁe@ obbained from

amphibian/
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smphibian musele (mainly of frogs) has beén gained as a vesulib
) ‘ ‘ ¥

off stndying the sensitization of the frog muscle to X by
the alkaloids. Little work has been done, however, upon the

electrophysiological or permeabllity éhanges produced in
maseles by doses of Veratrum alkalolds in concentrations

~suifielent to produce their eharacteristic effects on

contractllity.

- The work described in Part 1 of this thesls indlcates

that although. protoveratrine, a typical ester alkaloid of
;-.

the Veratrum species, can increase the level of X  in the

3.
Rl

plasma, this incrsease ls not the result of a pelease of K
from skeletal muscle, bubt more probably arises from cardiac

musele, The more detailed work Guring which the effects of

+

protoveratrine on the velesse of K from frog and rai isolated
skeletal muscles were studied anﬂ.Whioh;haﬁ been desceribed in

Part 2 confivrms these obsevvationa.:

Previous workers have eithéﬁ shown oy suggested that
tp@'zﬁggggg& alkalolds may cauge an increase in the efflux of
K';frOm amﬁhibimn aﬁd'mﬂmmalian nerve. The'prevailimg
opinion of workers engaged in the study of ion‘exchanga
mechanisms Ls thatl these mechanisms sre slmilar Lor all cells
in which ionic éxahéﬁga gcﬁoés the cellulaP‘mSMbran@ is

lgﬁglﬁﬁﬂlﬁﬁglﬁﬁ
involved. ,

Thus 1t was expected that results silmilar
to those obltained by previous workers using nerves wourld be

forvheoming/
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f@rthcoming if skeletal muscle was uged, in this study. It i4.

generally thought that the contraction of muscle Libres is
, o
pecompanied by & transfer of X saeross the cell membrane to

l(.h)

the exterior with a corrvesponding influx of Na .

It has, however, been Lound that doses of provoverabrine 1n’

goncentrations egual t¢ or higher than those necessary 1o
53 ,
produce gensitization of muscle t0 X , and to initiate lmpulses
+
£rom sensory recepvors, have no effest on the efflux of K

Trom skeletald muscle of esty, rat or frog. On the other hand

it has been shown that small doses of protoveratrine A can

4,
L

increags the efflux of B from the b@ating heart.
35/'

;;;;;

..“:-

were unable to demonstrate any change In K Llux in

srythrooytes treated with veratridine and Harprls found a

. : 158

similar gitvation in frog sarvorius muscle , but Vick and
235

Kahn have also veeenbly demonstrated that veratridine

ro"'n N

produces an lncreased output of ¥ fLrom besting hesria.

“?gza repults when taken in eongunoulon with ibcbe of
Shanes who aemcnﬁtvated an lncresased ? loss from
veratrinised frog newvrvea, show that thoere mmy he gualltetive
differences between the acitloa of the Vgggﬁrum alkaloids on
tiasues of dilfferent typew. Thisg difference may be explained
in tWo ways, one is thaﬁ the ease of acc@mﬁ'of,thé‘ﬂrug to the
cellulay membranes differs between tissues aand the olther is

that/
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that in different tissues K exchange iﬁ-brought about by

'ﬁifferent mechanl sms.

ahs A
In a recont paper by Wittt and Jaeger 1% has been shown

that electrically stimuisted rabbit musalaakaxpméea Lo

verabridine in a concentyation of 0,1 ug. per ml, showed a

g

decreape in K efflux i stimulated al a rate of 1 per second,
but if the rate of stimulation was doubled the veratridine
iy _

treated museles lost less X -thean the control muscles. Lt
would thus appear that in additlon to the two factors mentioned

above a %hird"factorg ieg+ the physiologiecal state of the

tissues, may influence XK exchange, One major eritician of the

L

results obtained by Witt and Jaeger is that the perfusion
fluid they used was K free Tyrode’s solution which provides

unphysliological condltlens for what is essentlally a

f

physiologloal process,.

A Tinal explanatlon of the elffects of the Veratrum

_ o
alkalm@a& npon K \egcﬂange in any tissue must await a fuller
elucldation of the nechanisms by Whidh*this“imn Crosnes
Galiula?.mambrana& both from the extracellularp region to the

intracellular regions and Yige ¥ersa.

A number of hypothesea have heen pympo$@d.to explain these
mechanisms and to accountAfQ? some .of the known facts, but so
Lar n@)aingle hypothesis has Deen found which can explain all
the findings. It le now thought possible that the

intracellulax/
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Antracellulary gations do not exist in free solution within the
cell bub may be loealiszed in speeific sites on the

o 2h6
intrafibrillar structures, Theve is also evidence of

.y
differences in digtributlon of K between the'@y@oylasm and the

mitochondria which lnvolves a furiher transpord eriGﬂS a@fo§?_
the mitochondrial membvaneg poasibly by a difle r@nﬁ meﬁhanis;%f

A FPurther &omplzea ion lis that the metallic cations may Cirst
f all be addoﬁﬁgﬂ pn Lo muﬁfa ¢ siructures before passing

into the cell.

- Thus there are at least three possible ailtes ét wnich
protoveratrine may act. It may allect ithe adﬁmwption of long
at the eell sueface gtructures) they may alter the aisﬁyibu%icn.
o the lons within the cell, or they may disrupt or modily

possible traneport mechanisme.

A number of workers hove claimed that the cardiac

glycosides produce thely characteristlce pharmacological effects

by 1uflu@nc3n tho ionic *@nﬁpor% mechenlsms . cP the eell
213,210 to 22i ,
membranea, Ag the aell can concentrate lons and

other molecules against both an electrochemical and a
conueﬂuwuilmo ﬁradxant the. @Gncapﬁ of aobive transport hes
h@@n wiamly am&epumd as play&ug a1 6 sent al part in the
maintenance of cellular activii ty. Active transgporit is
dependent, ﬁ@@ﬁ m@t&bcliﬂ’ac@ivi%yg the energy liberated being

used by the cgll’tm'averaona the adverse aouc@auqulmﬂ and
158,209 to 251

electrochemical gradients.

1/
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It is tempting Lo @uggeaﬁ'that cardiac glycosldes and the
chemicelly reluted Veratrun alkaloelds produce their eflfects by
intevfering with the metaholic pr@aaﬁﬁ@@ r@SPQnaible for the
liberation of enerpy, which is wviilised by the aetive‘procéasem;
which meintain eellular homeostasis, These drugs, however,
do not produes a generalized inhibition of metabolism (seso
Chapter 1) and thely effeets may be limited to~a‘&p@eifia chain
'mf enzymatle processes involved in lonie transport.  Some |

enzyme inhibitors can lower the restling potentlal of muscle

-
fibr@agdgz but other powsrful metaebolic inhibitors seem 1o be.
without effect. Fluoiide and Q:u'ﬁinigwmphenalj(DNP) have no.
effect on a%&%ar the reating pétenﬁialh53 o Na' efflux of
frog mm&cla'f. Im@magg?ata and cyanide are also witnmﬁt

e 51

effect on Na efPlux.

For a time 1t was believed that the distyibution of ions
vetwaen the extwéaﬂllulay and intracellular fluid of 1iving
gells was in aéemw, with a Gibbs-Donnen type of aiﬁﬁribution.
When 1% was found thet this coneept was lnadegquele the
existeonce of & modium pump mechanism was postulated (Ffor
references see Chapter 1). In the iight of further knowledge
this concept has been further modified and a numbe? of
suggeations have b&eﬁ made as to the possible nature of this

system. It has besn suggested that in frog muscle the acbive
" )

extrusion of Na is sccompanied by a passive inward diffusion

of/
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& .. - : 250 J

of ¥ down the elesvrochemical gradient. Conway has suggested
250,251 _

the existence of & redox pump mechanism - and has shown

that in yeaat'théyﬁ may be two sepavate carrier systems, one

& G o
for Na and one for K . The most widely accepted concept at
the_preﬁegﬁ tlme is that there exists a linked carrier pysten
in which K‘ is setively transported 1?%0 the cell by the same
mechanlsn which i&‘ﬁ&ed to extrude N&H. This systom is thought

0 exist in both nerve and muscle.

255,256
Shaw and his colleagues have challenged the whole

“concept of the sodium pump in muscle and have exhoustively
analysed a masgs of d&ta.ohtain@@ from frog aaﬁtﬁwius maseles
which thoy heve used to suppord %heirgsaaim, This work Pinds
support from a reacent paper by Harrig 2 wio claims that K¢
distribution in botn frog sartorius muscles and erythrocytes

can be explained by the physlcal structure of the cell,

It hes been generally assumed by most workers in the field
off general physialagy that ionie exéhange takes place hy
gimilary, £ not ldentlical mechanisms, in all Ulssues. Yhe
evidence for this beliel lg, however, scanty, probably because'
the compleziity of the problem prevents the study over a wider
range of cell types.

The studlies reported in”this themié and those of other

workers show that the purified Veratrum alkaloids wmay affect

g,

g efflux In some Tissues, i cardisc muscele and nerve but

nev f‘*/
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have no effect on the efflux in other tissuves, g.g. skeletal
mu%uie and mvyshvomytna. Two yoﬁ%l ble explanations exist Lfor

Lhia diser@pan@y, the first is that the mechanisas by whtan

45\

K is vransferred differ in the different 6iasu659 thig may Dbe

related in some way to m@t&bﬂlic dirferences between them. A

geaond @QSSLbilLLy s that in tlesues whers an a¢100u has been

shown the drug may more readily gain access ta the particulsy
o

gites at which the K  exchange lm taklng piao@,

ﬂasultal@b%aiﬂed rum tne ﬁ%udy of hha cardlac glycosides
S _ 2
on ¥ Pluxes may be Lﬂkeu as gwav dlnﬁ some evidenge that the

wechanlsnsg of V transport do not 4iffer between themselves
Stropha thin has heen shown Lo have a similar effect on K
f1ux@m on @ variety @F dmwﬁﬁw@nt tissnes, including vestling frog
138,219

skeletal mna@leg-&rythreﬁyﬁaﬁ and cordiac muscle. This
drug and relasted cardiac glycosides prevenis both the ilnllux

“x | + 2L6 to 224
of ¥ into the cells.and also the effiux of Na ’ It
would, therefeore, appear that despite some phavmacologlcal and
chemical simllarities the Veratyum alkalolds have a differend

mode of action from that of ﬁha cardiac glycosides,

The flﬂﬁ&ﬁg that the protoveratrine treated muscles ook

o

np more X +than their controls is 3 difficeunlt to reconcile with

iy of the theories which have been proposed to explain the

action of the Veratrum. alkaloids (Bee Chapter L),
This effect could be explained on the bagis of the modlum

pump * ¢
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pump theory by postulating thet the drug aets by increasing

w;h

the rate by which Na is extruded with a concomivtant increase

nia
in ¥ influx., %There is, however, no evidence that this
_ 107,108
occurs, on the contrary, evidence obtained by Straub . Lrom

the gtudy of nerve Tibres Indlcates that thoe opposiite condition

may exist in veratrinlized nerved,

246 + |
Melennan has suggested that X may be adsorbed on to

the purface ol the muscle fibres as g Tivst gbage in the
process whereby the ion is transflerved across the £ibre membrane,

Thig adsovrpilon process may be the Tormation of a complex

'Y . '
betwesn the ¥ and a protein. The K mey then be transported
, I

into the cell in this combined Lorm.
256,257 | .
Recent work has ashown that some portion of the
4 . .
intracellular K 1is adsorbed on to a protein complex and it

seems poasible that this sltuation can occur at the cell surface,

In Chapter 13 1t hasbeen demonsirated thatb proﬁoveratﬁine A
io congentratlons which can promote the uptake of K‘ digplaces
‘}' .%..
Ga  from frog sartorius muscle. It is possible that bthe
et : -
displascement of Ca from a bound form at the cell surface
Q;.

frees certaln anionic sites which then bind K in sxcess of

that already existing at the surface.

In order 4o welate the resulis obtained with protoveratrine
. ,

on Kk Fluzes with the direct pharmacological effect

described/
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desoribed in Chaplerm 2 amd‘ﬁg it ig nedessavy to take lnto
account the present theowles of the lonic bhasgis of exeltabllity.
Pr@vibuﬂ attempts te explain the pharmacological setions of

the Verstiym alkalolds on this bagis hava.been degeribsd in
Ghapter (N

Aacardiﬂg'tq the membréné theory depolarization of the
gell membrane ls the result of a definite aiﬁ@r&tioa in thoe
digbtrivation asross tha m&mhvnu@ of th@ Majer lons whigh a1
normally responsible foy &ne rap 1{2 potentlal. ¥rom
Golamenn's conglbant fi@ld theory g the resting poﬁanﬁial B,

across a c¢ell membrane may he srpressed by”ﬁh@4fmymula
()Y, « P (Na), * o)
Pe (K}, + By (“‘"1)3-,». Per (C1),

(K)@ * Pya ;?@)@ + “Gl (Gl)e

B
=
%
%_&
o]
[
&

X is formu PP, ar '}?’(..‘..' ara bthe gerveability
In this i iﬂlia Preg PNaJ _gdA»Ul are the SeTH abnllity

sonstants Ffor K , Na and Glﬁur@ép@aﬁivalyg (h) (Na}.9 (ﬁj)
are the activities of the lons within the Tibres, (), iNa}kg
(3138 aee the aeﬁivi%ism at the 0&1@“ﬂd1 purface of the Mﬂbrﬁa,
fFérupp wobloal purposes th@tﬁﬂtiViﬁi&ﬁ még be taken as
being equivalent to the concentrations of the tons,
Bﬂﬂ@lﬁﬂiﬁ&tiéngfiaﬂ; a reduéﬂion in B, may bae praﬁu&e@
by o deorease in the velues for P, (K) (Na)lg P (Qi)ﬁg
of an increase in P ;. (K) (bi}i.
Fvidence @iﬁed.by previaus aunthors and summarised ig

Chapter/
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:Ghawﬁ@y-l indicates that th@ Veratrum alkelolds can produce

depolarization of bObh nerve and miscle. 'ihé experiments with
pr@mwvaratwlne de&amiw@dr&njth@ @xpéySM$ntéi,mec%iwn of @hi%-*'
the&i%-héva also shown that this ﬁﬁug can pw@daée a odnﬁ?acﬁien
of mmaoth‘mu@c}é¢; This is likely to be the result of a process

£ depolariz timn;

The axperim@ntal findimg& reporved in thiﬁ thegia

indicate that prabuvawabrlne can alfsecet the mavemen% and

w’»: s
dimtribution of ¥  in two difxerent WY E o Kﬁ.may increass the -
A . .
efflux of 'K Trom the beating heart and imcréms@ the uptake of

>

K in frog muaci@e The incrpamed eﬁfinx fvmm an heart
indicates - nat ther@ — be a ﬂeer@a 36 ik (K)l which will

produce some de gvnﬂ of &apclarlzatlanq

It hasg alraa@y bhesen sugy@m%@a that the incrsased uptake

NS

of ¥ Whicn‘ha& h@@ﬂ d@mennuratma ?9 ocauﬂrlny 1& Pﬁog mugele,
may be due to an imﬁf ape in ma& 14 ad&ofhﬁd on the surlace
mf‘the musclos snd not Lo an increase in (K}qb which would
p?@@ﬂﬁe hyperpolarization and nob ﬁapotariwauimn. Thé
adsorption on the surface wavld lead to an effective increase

in (K)E with eanﬂa@y@nt @@QGJarA4 tion producing in the case

or 8mmoth muﬁale a eondtrachtion.

122 . ‘ " S +
Shanes has suggested that the accumulation of X on

she gurfece of the fibre causes depolarization and can also
accovnt for the development of the negative alier potential.

Stravb/
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108 .
Straub has shown that the d@pbl&ri%&ﬁiwn pmmdua@& by

veratridine pQWJ}ata in ﬁ nevve whiuh i3 belng aonLimval y
bathed with Ringerls o?auimn. He el Ladms thaet the

s .
d@@ﬂl&?i%wﬁi@ﬁ cannot be due to the prosence of exmcess K at
the Tibre surface bhecause the lons would be wasied away. He
made no measurements, howavgfg'OL ionic coneentrations. From
the resulis obnainad in thia shudy (ﬁﬁO Ghaytaﬁ\.;)_iu wonld
appeay that the Lons may be a»woung adsorhe 6 at bhe puriace
and thei urd inary wa%hlmg would not remove xhem, This cénldgA“‘

therofore, asccount in aome mmaav*a Lor the dugaiaﬂj7aixoa

known to he produce& in musele hy~ﬁna pr@%uveratrin@.

The increased sfWlux of K which ham been démaﬁatrate@‘
in heart mugcele but not in skeletal muscle may.bé éue s
differences in the mechanism Yy wﬁieh ion movements in these
twe types of ﬁisau@ are achioeved. The heart is depressed by

N .

excens K in conirast to skeletal musele which i stimuleted
by this ilon, and it may be that tﬁim is due tb fonetlonal
dlfferences inAﬁh@ ionic trensport mechanisms between cardlac.

and skeletal nuscle.

108 o _
Stravb puggests that veratridine actually raises the

A . .
K pérm@awilit in isolated frog neﬁveb.bﬁﬁ agaln this
concluslon is drawn fyam indirect elew@raphymiologiaal evidence.

258 | S
Ling hag gone @v@m Fuprt sher Dﬂd wnalien ma Hhe basio

validity/
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vaijﬁity Gf Ln@ m@mhranm Lh@01y¢“ fe haw n7@imad thet the
Wowas& @q&&ti@ﬂ From which ahe hem F of the eell is canulabaﬁp
does not apply beeau e the &ﬂl@ﬂﬂ waxcn hno Nerns L eguation
.r@quir@m to have gero mobility have beén @hmwn_ﬁ@ mQVG fﬁeely:
aaross the m@mbwam@,-’&@ an ai%@wmative hypdﬁha@iﬁ Lihg

@ﬁggeﬁt that a aystom of fixed negatlve charges exists wit@in~»

. 4 _
the cell which selectively accumulate K in preference o

<ha

Na because of the lower uvwrage décieubriu connbtant and
mmalte? hyﬁwnhaﬂ pige of bhe Kr wheﬂ compared o Naw. Thisg
unaven Ql@thbutiuﬂ of iona 18 thaugﬁ» ta wm regponsible fa%
tn, diﬁfcrance& in potential botween the 1mq1ﬁﬂ and the- thq+d\

of the call.

Thih alth‘n%tive hypothesis of‘Ling?g ié basad entirely
on wowk warwic@ out witl frog skeletal mnsoie9 ﬂnd unsi L
‘ﬂufthar gtudies of a ﬁim¢lap nature to those which hove Doeen
done with x?mg,mnacle are por Pormed on othor ‘exeitable tigﬁueﬁﬁf

A

tihis hypothesis mnﬁ& he cenaaaaﬁod With resecrve,

. df"j
fn o recent raVL@w Conway has heevily oriticise 2 both

Ling's @X@@?iMERﬁﬂl data end his conclusions. He claims that
all the ancm@liaa found by h?mp gan he aaﬁquaﬁaly @nyim1nea (3143

the membrane theory.

Li 1g difficuli to explaln the reaulis obbained in this
gtudy from the standpoint of Ling's hynot n9$1m9 accordlng o
this theory protoverstrineg would have to be widely distributed .

throughout/
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P

throughout the eell before it had any marked effect. Theve 1is
as yot no ﬁVﬂﬁ&H@@ %hub ﬁPQL@VQPmt@Lﬂﬁ aa%uaJ? - penstrateon
into the 0@11 anﬂ 168 rapld onset 0? acbioa d&gg@ﬁb that the

drug acts at bh@ 0@33 surface.

Much more work must be dcne before a critlical assassm@nﬁ
of Ling's hypothesis is mede. Studies unpon ?h&zﬁffﬁﬁtﬁ of
prmtdveratrina and other active sterolds on the blophysical
properties of eellular proteins may shed further light on

possible effects of this nature.

The stereid hormones from the adrenal coviex are known Lo

be essentlial Tor uh@@ﬁinseﬂaacu off salt balance in the oo&y
and some uv1ﬁencﬁ exists that the&@ substances can influence
the distribub ;an of iUﬁ“ between the interior and exberior

of the c@lla.mﬁg Lt has b@?ﬂ ﬁuggent@ﬂ that th@ gtruciure of
gome of the mﬁeapegysaaehaylﬁem-@xisning at the gell surface
Koy bé altered in ﬁnﬁ‘premenee of certain of the |
mineralocorticoids, and these altervations mggolead Lo changes
in the electrolyte pervmeability of the cell, The sbteroldal
neture of the alkamine of protoveratrine may be such that it
imterfer@s-with the normal action of the miﬂ@ﬁmla@or@i@oxéa.
Thia guggestion is @nttweij speculstive and no evidence iﬁ iié”
support bas been obbained in this thesis. A closer

investigation into the relatlconships betwean these hormones

and the purified Vepratrum alkelolds,may, nowever, prove

profitable,
One/
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Onﬁhef th@r@%im@ipallaimm Of thia @“udy‘wéa an att&mpt
Y a@hleve £33 Pul?ap un&@rﬁnanding of the mﬁ@haninms ‘y vwhich
th@ agtive a%t@rf~1k&;@1ﬁ@ of th&-V&gg&gg% &pe&i& Bo. R
protoveratrine, stimulate &Rfowent Sensory mcrv& @n@&ng&.‘_It‘
:wmaxhbp@dfﬁhaﬁ studies of ionic movements Mmade Upon NON-NETVOUS
tlssue might provide informetion Wniah<mlg%% bé upeful in
attempting tm wxpla&n the aatian ox these &lkmleldﬁ at aeﬁaary
(r@a&p%mrﬁ, These hmg@& have not been r@alm eﬁ because it wuuldw
be @nwi$@ to pré@umm thﬂi analag@ﬁs m@@hmnigm@ of ionic
ftﬂﬁnﬁpayt axiat:haﬁh at ae naowy nerve anﬁings and iu tho mmsaé@t
3@21 when it qyyeara t%ﬁb inura mav be dlff@w@ﬂu@a avmm betwmaﬁu
two ﬁ&fa@?&ﬂ% Sypes @f mnamiag 4.8 motweua cav&laa and
skelotal maacle, It may be asgumed, however, that &@psl&rizatigz

of @anamﬂy NErvVe @ndingg wmuia poour AT uh& Qomeenﬁratian& of K

2t the external &uwﬁqa@ of Ln@ marva anﬁimg% Wa to b@

increased,. This &ﬁsumptimn s auppmrbed by %ne work of
"t 125,126,153,167,168 B
Hodpkin and his sehool ‘wha.by the'uaehmf,

miero=elesirodes placed w&ﬁniﬁ Lﬂ@ glant axons Qf arﬁhnapmd
-

nerves have demonsitrated that an iﬂﬁﬁ@&ﬁ@ in K . cen reduce the

ramt%n@ at&nii@ and g&va rl G Lo ﬁ@ﬁﬁl&ﬁkdﬁﬁlwﬁc

Un? axbjmnﬁhvan f@@ the @3iulta ibn ny@h&lﬁéﬁglﬁrgﬁﬁi%@§%=
g?@fl@x may bﬁvtha% the ionic ﬁranﬂpmrt m&aﬁ@ni%m%“éf h@‘haaw“
are more ﬁ@n%&t}vm to the au&ium Qf pr@am?@rairsﬂ@ than other

,'tiaﬁmaﬂg and thaﬁ'ﬁ‘_ralﬁaﬁeﬁ;fﬁam capdiad mﬂm&lﬂ @9113 in veﬁy

czlm &/
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close pfﬂﬁ4mi 6y 4o the- Bonsory nerve onﬁings of cardiac
afferent fibrﬂs id ﬁuffieiant b0 prmdn@@ a dhpﬁiﬂﬁlﬁ&t on. in

the ﬁndlng‘aaﬁ'iﬂitiat@ the Bezold=Jdavisah ﬁ@fl&ﬁq

3
o

Intra~coronary injections of K will not naﬁﬂally @lﬂc%
the Bezold-dariseh reflex but if i pr@vieqs aa se of an. &etJV$

.5«
V@rahrmm alkeloid has been given a mube@qv@a% dose of K may

@ll@it the é@fle&.lg One éxpzmnatian Tor ﬁniﬁ may e thaat the
alkalaid iﬂ é@d%*foﬁ'ﬁe increasing the local K} conoe ntreelcn:j
:infﬁh& r@glwm o the n@r%@ @n&zm&, algso senglilzes tﬂ“‘mﬁﬁlﬂ?
o the atimulamt‘a@%ian of the ion in m'ﬁimila? manner ﬁs its

actlon wpon frmw &k@l %al‘mmﬁele,

The rasuitﬁ obtained um&ny wﬁﬁ%mvawa%rineg Wﬂlvh h&v@ be@ﬂi
‘.ﬁmﬂavibaa in hhdﬁt&ﬂ 2 and 3"@? this thes iag suppors the |
.wamnclualmmﬁ'ﬁwaam@d by ?f&viﬁﬂa WOPR@?» whm used vera 36.‘f/g}
Qﬂ@‘af tmé&' cmn@lv%mmnm was that meny of the pmaﬁmaaologisalV"

oA

efPects of the V@?;ﬁvnm aikalcidﬁxeoulﬁ be antagonized by exocess

w‘\- B
.
GGa »
h)” in

A Tull und@rwtan ding of the par% pl&yéd by Ga in
‘aﬁiiular yﬂaaamﬁar e @txji ray from beﬁng aaﬁ&avwdg ‘mweh moréﬂi
v‘wavk must be dnmw bexer@ any of the gyp@%@@a@s.pug zngava ﬁ@iw
I@xﬁﬁmim its aatimna gan be aﬁamptaﬁ AnyAﬂtt@m@t-ﬁa*axpla;nﬁ
the actlon ot pwatevvr&nwan& or in@ other V@waaﬂam ﬂ!hllgiéﬁﬂ
~0n the basis of an offect upnn Qa ¥ mete bﬂliﬁm-mﬂﬁfa &ﬁrﬁfﬁfﬂrE

bea m% a s@evul&%iva nature,

From/
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Prom the evidence summarised in Chapier 1 it may bé
assumed that the Yeratyum alkalolds do reduce the &%&bility
of the cell membrane, end that this effect 1g related £0
alt?rations in the norally existing p@lati@mﬁhipa‘betwe@n' 

oo ‘ Y 7

Ca and the cell membrane.

The findings ﬁ@seribéd.in S%ap%@r iE support the
hypothesis of GQ?Q?H and W@lahlji that the gggﬁgg&m alkaiqiaa
produce thelr effect by a process which involves a reductlion
in the peower mfitha forces which are responsible for the
fixéﬁion of Ca to the membrane surface. The evidence in
this study, however, was obtained from skeletal muscle and
no support could be gained for %ﬂim hypothesis from the réauiﬁg;
obtained with nerve. These gonflicting findings may be due to
the differences in the structures of these two tlssues, ov ﬁa;
the different technigues employed in those studles. One
obvious difference was that the velumes of the muscles were
much greateyr than those of the nerves and th@,rédioaativity
of th@ bhathing fluid was therefore much highewr. Differences

due to the ei'fect of the drug were thus more readily detectable

when musecle was used.

The most probable explanatlon, however, of the difference
.-}. L§0
between the amounts of Ca - displaced by proteoveraitrine from
nerve and muscle lies In the differeunce in structure of the

twe tilissues, .

The/
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The experlments using nerves were pérfaémed on aréhropod
narve with th@yhapa that influence of the myelin sheath on
ionic movements would be minimal in this itissue. AL one time .
these nerves were thought to be ummyelinatéﬁ@ butb m@r@2£$cent
work has aemOnﬁtrataﬁ‘th@ presence of g myelin sheath. h

This is mueh- thinner than the corresponding sheath of veértebrate

nerve but may s8t11L be suflficient to prevent any release. of

e
Ca into the bathing Tluvid, It has been demonsirated that the
_ 262,263 .
eplneurium of frog nevve Offers a eonslderable barrier

to donic exchange and it may be that the myelination of the
lobster nevve acts in a similar nmannor.
" Frankenhaguser and Hodgkin have guggested that in
.ﬁu N » .
@ggggg nerve axons free diffuslon of X may be prevented by
the presence of a second diffuslion barvier, This is a menbrane
ageociated with the Schwann cells and is distinct Ffrom ths

)

ecolluler membrane of the nerve. The auwthors suggest that the
- ‘ ' $

negative after potential is due to the accumulation of K

between these two membranes.

Thisg diffuslon barvler belng associsited with the Schwann
cells would only be pregent in nerves and may well be the

gause of the differvsnces in the findings for nerve and muscle.

A thivd factor which may account for the dlscrepansy
boetween the results obtalned using nerve {(Chapter 14) and those

from studles with muscle, (Chapier 13)9 ig thalt the muscles

studied/
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@%ﬁdied‘ware‘ﬁugpamﬁad in & large volume oft solubion wmiah;%asf 
aenﬁlnualJy mix&d by a- Qb?ﬁ&? ol oxn yg@m'bablﬁﬁ;" This wizing
Waulﬁ prevent any uvonbound Ga " from Pemainiuﬂ in the Viﬁ$ﬁ§ﬁy
of the musele ana the released iond woul @ b@ ﬁl?h?ibvbﬁﬁ
throughout the bathing fluiﬁnr im the experiments wmtn the
n@rV@ﬁitha bathing £luid was not agliated b@maug? of the
limitations i%péﬁaﬂ by the method, Thus the Ga‘ which may

have been displaced by the évwg in a similsy menner to thaﬁ
obgerved in musele, amy have remaiﬂa& in close proximity to

the nerve and not heen detected,

Great cave wag taken in both the dissegtion and @nbﬁaquamtg
‘hanéling of the nerves during the @mp@rimemt@ buh no h
mba@vvatignﬁ on the viability of tﬁ@‘nﬁrv@% Were made, and It -
may_hav@*b@éﬁ that the nerves were no i@ng@r resDOnBiLve tw”éh@;
effectn of the drug. Limlations of time end equipment made

it im@maaiblﬁkta davaiép 2 method by Whiém thasafdiffiamlﬁiag
@@ﬁld be overcome, bul meapurement of the sonducted aétion
potential of the nerve at the end of a run would peem to be

ong wmethed of overcoming this ﬂn@@rtaiﬁ@?»'

CALL of the hyyaah@@@s wnich have heen summarised-in
Chapter 1 require that the Gahm ba boundv@m'ﬁhé @eii éuxfae@\in:'
aome way. The m@@% iik@ly method of which is one involving
surface ﬁ@ﬂ@?@tﬁﬁﬂ. fh@ most llkely slie f@?'tuﬁa adsorpbion
is the lip@pf&ﬁ@&ﬂ layer which is believed to @&Lat at cell

@ﬁ?fﬁﬁ@ﬁaﬂf
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5520552

ﬂﬂﬁfﬁ&&w, A ..anﬁ@; hag ¢ ughesé ed thet polypeptide 0ha;n€
. g . ! .1_ S .

OF the mmrfﬁa@_yrQ%@in mey he llﬁl@@ my e @ivaLent Ga

which links a nueleic acld repidue with a phquhatiﬁeﬂv@aiﬁuag )

The making and bresking of this link produces chenges in the

configuration of the protein surfece which could sccount for
. - eebe

the permeabillity changesn produced by alteration of the Ca

concentration,

.Protharatpiﬁe-may,a@ﬁ'@ith@r ﬁireetly»upmm'thﬂ;aurﬁm@a
ﬁ%?u@tq?@ " the eell membfau@ to alteyr the pwatm'n
conrigura L10¢N 0?'3? mL@rve hindranoe ©o grovent b adsorpsian

et
o the Ca . Thea paﬁﬁibilimy that the molecule of

LI

epore

,pratoveya?finé mvﬁﬁ‘by LTorming a chelate o %nmpcund with Ga
Wag oonsidcrﬁd bﬁb “bhis axplaratjan was con 6919& hipghly
umiik@ly dﬁa ta'ﬁh@ shgenes. of ansuitable Aoﬁ@ paly of
elegtrons in the pﬁmtmyefatriﬂé molecule, this Qanfiguraﬁiﬁm

baing necessary for chelate formation.

Although the exmact chemical neture of the protoveratrine
molecule i still wknown 3t i belileved Ln have an alkomine
skaeleton which is hvdrmﬁy1&u@d to an even vr@nhor depree than

that of cevine (wﬂ? Gh&pthv 1),

Frmm 8 wmnéi&ar&timn vatheeﬁﬁﬁrﬂOQh&miﬁtfy of tna.eavine;“
’shclobon Lne mo?onujo may'bev1sualized.as hav:m; an essentially
‘planar structure uxhﬂ a aumber of prmgeatang nyd“oxyl 810 upq, '

| These gfﬁm&ﬁ~fﬁﬁm convenlent points for ;y&wog@n bonding and it

1o/
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is not unlikely that the molecule may be adsorbed to the

sellular surface by bhydrogen bondiog. This biading of the

molecules to a polypepitide chain of the surface provein may
' o

Caffect the fixation of Ca  in two ways.

As a result of the’hydrogen bonding the configuration of

. Y.
the purface proteins may be altered in such a way that the

.{..-:u
bridged by Ca istoe large or too small to allow effecti
44
binding by the CUa .

apace belween adjacent polypeptlde ehains which is normally
e

A second paasiﬁility ig that the bin&iﬁg of the m@lecula '
Gf{%FOtoveraﬁrinﬁ at the surface Prevan%s'th@ access of the |
Ca to the recepior sites on the polypeptide chains. This
possibllity scems the lesgs likely of the two because of lhe

lavgse difference in size bhetween the two wmolecules.

It has been éhown hoth in the introﬂu@ﬁcﬂynchap%ew of this
thesls and in Ghépter % that the pharmacalogiaél»eff@cﬁs of
p?@t@VfPﬁ%?in@ ean be anﬁag@nizéd by in@reaaiég.the concentratl o

g ~ : . .
of Ca in the bathing solution. This would suggest that a

: ) oo
dynamic equilibrium exisis %éﬁweenAthe'prﬁtoveratrine and Ca .
This fact auppéwté the V§§w that both these agﬂnta-&mi-at' “
similar sites. The veversibility of the protoveratrine effect
favours the suggestion that the forvces binding the molecule 4o
the protein suriace are not @h@miaal.in nature, eand mekes it

unlikely that protein denaturation oceurs.

Shanes/
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127
Bhanes '  has suggested that veratrine delays

recaloification duping the repolavipation phase of the actlion -

potential i ‘el;btrieally stimulated nevves, end mlbhough in
. : ciu ni.‘ .
this work ta@’m@&ﬁuv@m@nﬁﬁ ol Ga ﬁ&ﬁn?muemnni were made. Qﬁ

resting muscle 1t is probable thait a similar m@gn&niSm ig

arfected in both comen.

Insufficient evidence has been obbained ln this study to
allow any canotu&aﬂnm te be drawn as to the actuwal psrt played

by Ga in the. me&bwal of eellular p@ﬁmaabéiihy@ The
puggestion of Pﬁxnkaﬁhauasar anu Hodgkln H Lhdb Ln the ﬁ@aﬁiug
(,aﬂmlg of thc membrane Gaﬂ ‘im @@mbmﬁfggwlbh & Wa careier
ﬁymt@m is of graat interent. StraubMA sugggﬂim that verat?ina

intevrferes with this ammhinmtiam and ?*nﬁg the cavrier fan

1,
ﬁ"’!

Ha transport,

Those suggcgh%on. mast 8till remaln apeeuiat&ve but the
gvidence obtain@a in Lhi& mmuﬁy gives inél?v&b @upporm Lo

these nynobh@ 68, buv it ia Eﬁgosﬁihje to tell Trom Lhe
. .x,.ﬁ..
ewp@wim@ntalfdmta obtained whether the Q@ whicu has been

shown to bhe reieaae&'bg nyLOVP?ﬂbfiﬁﬁ duem in fact arise from
“l;

V&he Na t*an%@uwﬁxng nyﬁhem Qv ?rom a y@nﬁwal maarge on the
0@11 purfacao.
168 .
Sira pugpested Lhat yoratridine increase the

e
R

pormeabllity of ithe celld meMbwanﬁioﬁ nerve to beoth Ha  and K ,

but/
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bt the 03 nﬂm‘ﬁ degupibed in @agm *%3&%.@55&3%&1 *;’k:ma B ws én?%ﬁ? x;%fé%ﬁfb ey
’ ma ;;m‘-mf:ie‘;ga any @vﬁ.é&,@mﬁ% 41,» é%;a sdmi la ;gsu w‘m?ﬁz B Bheh

‘fs:;@:ﬂaszwmz 8 nerve 'wz a:m g..g e n zzﬂs@ﬁlm ﬁm&gﬂ&}&;aﬁ,&i} 43 &\::

<4
_t\a#

€~f3'§§é1§3§ L, %s,%;wssswmm m,m. misﬁﬁgizm‘; m o Mﬁ‘:mm éAc,ia t”?@éf%‘f* i1 *a’i@ii‘ a@m“ﬁ R

By aoGompany mg;\; ehanges Ao K Q LR LN M"ﬁ“ﬁ ~;3gm ﬁ“@fﬁ?im ol ??i' -
rew %ﬁ'?ﬁ&m%w%w - !ﬁm msm &gé 23 gmﬁ' maeale wh ’iﬁ?’f‘k Wers nedo :
vaing redlosstive s:méiéi iﬂ:m@ &%@:Lﬁ and whi m*s, hw&:ﬁ o ’%mﬁa |
‘@*ﬁ%iﬁﬂ?&“? bed A this z.mamg Ghidn f&éﬁﬁimﬁ?& 'a:%z:@ai%ﬁz%,m‘wﬂ w8 no inewehng o

An B povmenbil ity oould be Gempnatuoe "’*ﬁm B
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EQ “iﬁ £h@:imﬁ@wﬁu@ﬁmwy ol qgh er of thim‘ sis both the past and
pﬁ@éwﬁﬁ “éﬁﬁ@'ﬁf the use of the. Vewﬁgrum alkalolds in *ﬁérﬁmeuﬁiés
1ﬂ&m be o¥a ) re vj WG&U{ A NLmﬁ@P,Df ub%m B8 whlmn hav; beon puu
'oﬁwarﬁ t0 0291$1n Lnﬁ'mmdc nP aat .01 of the act ive eater
- alkalolds of VUﬁﬁjﬁﬁ@ hav@ bwon mummmwi Bed ﬂnd m?x‘uc L ly
@xammn&d¢ From ﬁ oaﬂﬂxaavabi@m 0: %hﬁ pr&vamuujy pvbiianmﬁ waﬁk?!
a number of @Kﬁ@fiMbﬂbﬂ we ”G piamnﬁﬁ witiL a vlaw %o ?lvec&ﬁLang“
fupbhbf the PQl“i?OﬂBﬁiQﬁ bpmeQﬂ the action of" Lhe puwif @d

Verﬂgrmm aikmi@ld wrwiaw&v&uvinv and. tn@ m@b@lire sabions mf

p@tagajum and naiaiuma

Qe Tﬁ Gnagté? S are ﬂ@ﬁ&wibc& the results of the alieration
of ,hG iwnwa mompan&bimn of tnm b vbhing fluld upmn the

ﬂwnsihizing @ff@bb pﬁmﬁau@a by Q?@ﬁﬁ&@?qmmimm upon Lh@ stimulant

“’v

f mmL£un Qf X on Pwmy HRQTQL&X mu glee%{wﬂﬁ weaulﬁa-obnain&ﬁ_ o
C b 4+

 )3$6&6&0@ that vavlubamns io the I /0@ ratio aan.affoc he K
-aemqmaﬁ in power of pﬁObQV@fabﬁlﬂw. N o

.3;1 Phe effect of prob OW@ﬁibﬁianOn bﬂw P&&panuc of wrep&ﬁatﬁona?
\vf 1ﬂoiatnd mmmmmllaﬂ am@@uh mu @i@ to the ﬂauvmnumoyai ag”ntw~:j
. @bylﬁhﬂljﬁﬁg “ﬂﬁ@ﬂuiiﬂﬁg h1@uﬂmin@ﬂ Gan&fQAQETyGLﬁHIﬂé ﬂﬂd

y&oﬁjn WaD ﬁudjmd.. @ﬁmﬁwveymbrim@ dﬁd nﬂﬁ,ﬂﬂbﬂgﬁﬂi
a@@tyl@h@lima or nisﬁamlm@;gﬂidmwﬁw ap~ﬁa 10 0. per ml. buﬁ'
Pl éwug @hom&@ wmth amtag 1 sm and °en&it12ﬁtiaﬁ to the
%hLmnianb @TLﬂbﬁ of b HQT iﬂ'ﬁmall é@ﬁ@ﬁ; Th@@@ differéﬁﬁ“

Ei&@&a may bhe du¢ 30 daﬂf@ﬁ@ne@& in the sitate of the tlssue. -

.Kymﬁﬁinf
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Oxytoueln fanduced contractions of the rab u%ewuﬁ were inbibited
by 10 vg. per ml, of protoveratving. sslble explanations of

these effect have been discussed.

Lo A number of experiments were carvlied out to determine the

effect of the administration of p?QGOVQ”LLT&Q& on the level of
o \
¥ in the plasme of blood taken from different snatomical areap

R

of rabhits and cats, & rige in plesma ¥ concentration was

ghovn to occeur and it has been showa that the probable souvree  of
S : _ :
the releaged K ig gardiac muscle,

5, By wvarious %echniqueﬁ it has been shown thai pfatevewatmiﬁe‘T

in éUwﬁﬁ muf)le&en 1y h igh bo producg RS narmal pharmaanldgieﬁlf
i ui» R
effects, has no effect on the @ffiuﬁ of & fLrom amphiblan or

mammalian skeletal wuscle iAo vitre ov in vivo.

6. EV the use of fﬁ@lOﬂ@b;V@ tracer technigues it hag bHeen

o

L

- shown that p?DLOVurahf ne can cause an incresse. in the K effiux

from elestyically-dviven, inolated perfused mammallen hoarits. .

7@ Exposure of amghibvan skeletal musele to pf@boverabrin@ has

been shown to cause an increase in the upsak& of K  fron thg

bathing_meﬁium.

8. &mphlhiﬂm skeletal muacles which had ‘been previously Maaded‘f
l—! des
_with Ca and - mubﬁ@queﬁbiy @xmoge@ to pwochorabrzn@ A were
, e .
shown to release meore Ca  into the bathing L1luid then did

the corresponding conirol musceles.

9./
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o

e ?roa@vewa rine A in eoncanbwabionsaL up o 100 ug, per ml,

S U5 e
had no effect aneithﬁﬁ the rate e of Ga release or the total
L5 Ry A
release of . Oa , From Ce  loaded arthr mpad nerve.

10, The findings desaribed in thé experimental section have ‘heen -
discussed In relatlion both to previocus theories of the mode of
action of the Verabrum alkalmidsg and also in the Light of
present day knowledge ofAtge'a@ﬁneﬁur@ off the cell and the
poasible ppoceasgé_respoﬂsibla f@r'imnic TTAnEPort across the

aell membrang.

An gtiempt hes been made to explain the diffevent effects. of
protoveratrine on caprdiac and skeletal musele znd also betueen
musele and nerve, end to relate these Findings to the action of

the alkalold at sensory nerve endings.

The results obbained in. this study support the theory of

Gorden and Welsh that the Yeratrum alkaloids act by displacing

AT TR KR WA S Y
el

Ca Trom the mcmhrﬂﬁa and veducing the stability of the mema?anc
with a possible ineresse in lople permeablility in some tzssua&m

ggs cardiac muscle. The suggaatlon is also made thet tho

increased upamk@ mf K ﬂamanmtvaﬁ@d in Chapter 12 may bé due to

the bindiang of K at aniwﬂze sites ntﬂd1ly anevpied by the
R
dLSpL&ﬁ 2@ CGa .
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n-APEENDIX\i-‘

Th@ umm,m i%i@m of tha pﬁyﬁimjn ¢@u1 BOd uti&nﬁ naed iy this
P T A ,

| waﬁk s given in Wa&iﬁ 16. 

”‘fﬁm,ﬁhﬁpﬁ@? ?~mhﬁum$ iified erg Rlﬂ&ﬁr 8 %@?atianﬁ were mades

up hywwﬁﬂu@iﬁg Lﬁ@ GOﬂQ@ﬂ@T&¥imn ol ,w%new &abip'mf Kﬁliin~th$"**

e

fjaalﬁ%iaﬁg %mum&inﬁain‘&b@ h@ihwng mm?miimm at. &ne ﬁﬁﬂﬂ@éu %mnimmag

the @ammﬁn%rméﬁam wﬁ Fall Waa iﬂﬁﬁﬁ&ﬁ@ﬁ hy a ﬁ@ﬁoulau@ﬁ amaunbr

tm u@mp@naahm for'. LhG AQRP 1&&% hy th@ raﬂaﬁtiﬂn of KC1L or G&ﬁwn

“man@emtwati@na

An QRabu@wa 12, 13 end 1k Lu@ radioac bive ﬁmlu ianm in wn%ﬁh,

the %ia@u@m www& hdth@ﬁg W@fn mmﬂ@ by f@pid@iug tm% KoL o

’ﬁaﬁmp hy a 5a1mulaﬁ@a @nmntlby of Lh@h@ﬁiﬁaiﬂy ah&llad @QLu iﬁﬁ}§

This amannt vari&d with ﬁha’@m@@if ie aﬁbivlﬁy of @ﬁ@ i&gtppié;

( ﬁﬂ!uiian anﬁ wam cal sula& 2d Por @ﬂ@h @xv@rzmemﬁ.

Th& 10@@%9? g?liﬂu %mlut&mﬂ Wau maﬁ%aapd Wfﬁm ane Tawavum .
.2 .
givan by Pantin . which weve baged on the amn@eﬁ ‘a&iemé~gﬁ

dons found in Eﬁbﬁt@r bimad, Those flgures wer@ modified at the

a6 .
““&ﬁﬂﬁtjﬁﬂ of Rﬁhe?%ﬂun who found mome 6light d*ff%?@ﬁg@h‘imcj‘

Lonlﬂ &QRG&&%th&QHm ﬁwmm tﬂ@mﬁ given by Paniém.

Th@ %miubiona of m@asaV@yamrjnP and pf@b@?@f&b??h@ A uﬁ@d iﬁ.

bﬁha a?pﬂ?immn&ﬁi wmrh Were mad@ by dilubing @n@@ﬂuvau@ﬂ ﬁbﬂ&?v?
'_lemui@n& of the @r&g with bﬂﬂ ﬂygwmp@jmt@ phv&wamagsaml 3&13n@ ;

to be . used, Theose ﬁt@@k solutions were made hy digsolving ta@,

frea aﬂha?aiﬁﬂi ha&a Am Nf&ﬁm hyaﬁgaﬁ!eriﬁ ﬂh&ﬂ\ 1 ml; ﬁﬁwwavéfyf

1 mg. of basé, : $nis mmlutgan was tﬁ@ﬁ bvmugﬁ b gﬂ 66 8 Jy ih@

. addition/



Mmmow mmowm mmmwm %mm@cﬁ ¥ mu@mmor wmmmmow H mmaow ¥ mmmor. ammor Dextrose
Frog ,
Ringer's | 111.20 1.88 1.08 - - - - 2.38 - - -
Fenn=
Ringer's | 111.20 2,50 1.80- - 2.50 0.50 - - - - -
Tyrode's | 136.80 | 2.68 | 1.80 0,10 - 0.32 - 11.90 - - 5.55
Locke's 153,90 5.53 2,16 - - - - 5.95 - - 5.55
Krebs= . , ,
Hengeleit'’ 118.30 L. 69 2.61 - - - 1.17 116 - 2,41 . 11,10
De
n.w.mu-ﬁww%m,u HvawO Womw Hog - - = - m.\@m - el M,NN
Lobster
mmHMﬁm rm»\womg m- -Nn.m mawum NM-M.M. - - - Num;wm WH.O.NG - b
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aﬂditi@ﬁ:efvmfiﬂaiaad Lom @qvhomat@ aa!mtimn¢ ‘%tm@k @mlaﬁiang”
cwm@ainimg»lkmg. par k. @ﬁleuiabwa a8 &h@ fwwe bage WGT@ ma@p

up “mﬁzfvﬁﬁhl& diluted as ﬁmquar@ﬁ; These vtmak %Qluﬁiaﬂs were
kept lﬂ tha dark ai 1106 Rﬁ@ mh@wvd ne &Ep?ﬁ@l@b’a dateriora%iqn

over a perlod of two weeks,






Wbnder Plugs

1st BANK

2nd BANK

Tig. 34.

Olreult giagnui of th# elootrioal
UMd to ooatXDl th# meml-aotomatlo laolatod

orgmm bath.
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ACFANDULA LL : . 26¢
- THE ELBCTRICAL . CONTROLLING MECHANISM OF THE
SEMI~-AUTOMATIC ISOLATED ORGAN BATH

Yhe apparatus wes developed in conjuncblon with De, G M, Gil@

&nﬁ i moddificd from that desgoribed by Saddum amﬁ,%@mm@@hg

&Qbu Office awlteh relays wore modifled olighitly end used 4o
Gbn%ﬁﬁ tha ﬁ&aw off solublons into %1@' Lmolated argen bathi.

Activation of the ¢lestroun ﬁ%ﬁﬂﬁ by en eleotric oureent from o
wniselector vreloased tho pressurs on bthe Poed tubing and slloved

the solutlon to Slow From the ﬁﬁpmﬁu%m@ into the bhoath,. The

dotails of this mechanism can ho seen in Plg. S,

A Post O0FLce patitorn wniselegbor was used to ocgntyol the
activallon of the oleetromagnois, al peredotermined intervals,

whe wnlselegtor wag driven by im@ulm@m from o Palmer tisme elock

wﬂiahwere Tivet paaged through o ewitel meloy bo reduce ﬁyarkiﬂgg

The 3 Y alses wers ab 5 gocond inborvals and thus the BUGO LY

arms Gf the uniselector adva r@uﬁ ong gontacdt at eapch interval.
To @m&&a@ a uun&ihuwv& acbivatl on of the semielroular banlk of
contacts over the whole of the 5 winute time oyele chosen, the

mpu aite hnlven of &h Cupper and Lower guweopor aums HEDPE ramevod.

The uppoer banl w? 25 ontacts wos theraefors activated for one

half of a revolubtlon of the swesper avm and the lower banlk Lo

il

the Becond half @ﬁ*%hw‘wmvmlutimn; fo enable a fol) oyvelae oif 3

-

inutes to e ubau&w@ﬂ 1 contaota in the vpper bank wers showd

glreuited, this arrangement can Do seen in the olrauit dlagiram
. ' . 9 ’ - ﬁ,- o . R . . ! .

Pig. 3k, The unim&l@ﬂ%myvfmﬁw%i@nﬁﬁ in the nopmal mannev,
When tho sweeper ayms made conboet with the wired benk contaets,

@mrw@m%f
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current was l@&n@ith@ﬁ tm‘ﬁh@ ﬁwi%&h r@lay$'monﬁrolling the.
fluid flow or to indicator lights, Racn lead Lrom the contact
hanks wéﬁ led to o wanﬂer,plug_b@&ﬁﬁ,whiwh anabled boith the %ime -
of exposure to ﬁheraﬁimulanﬁ ﬁrﬁg an@'thé period of exposure wo
the antagonisb, %o bewvaried.%a suit the experiment.

Wander plug 1 was in circult with an indiceator light which.
1it 5 seconds befor@‘ﬁh@‘a@ﬂitiun of the solutlen containing the

i
gtivulant drug.

Vandey plug 2 was in clroult with en indicator light which
1it bo indicate the time for the addition of bthe antagonist

either 60 or 90 seconds before the addition of the stimulant drug.
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oo _ . e -
Deteraination of K __coneentratlons in samples of plapms

physiological salinen,

All determinations were performed using the flame photomoter
manufectured by Bvanse Bleetroselenun Llmlted. This machine gave

a full scale deflection with 10 parts per million (10 p.p.m.) of

+

X . ‘Phe alv supoly to the machine for the early ezperiments was
dbtain@&'from_a cylinder of gampréﬁgeé.ai@ £itted with & spocial
reduction head, in the lateyr éxperiments a matehed ale COMPYreBsow

pump was used. The pgas used was from the normael town gas supply.

To sliminate evvors due to the lnterference .effects of other

e

metallic ions, eépécially'ﬁag all determinations were made by .
comparing the sample with a sevies of standard sclutions in which
the interfering lons were present in approximately the same
concentrations as in the &amﬁlﬁaa A1l the stendard solutions ﬁ@f@
made up with "Analar' stendard chemicels dissolved in double

plasse distilled water.

.\:,
For the determinations of plasma K a stock solution
wzv

contalning 50 mg., of K per litre was made up using a 0.9 per

»

gent, solution of ‘Analar’ quality sodium chloride in double

distilled water, Standard soluitions of 1,2,4,6,8 and 10 p.p.m.
were made by sulitebly dilublog this stock solution. 0.2 ml., of
plasma were vemoved Trom the centrifuged blood samples and diluted

to 10 ml., with double distilled water. The standard solubtions

*
e

uged for the determination of the K content of the bathing fluid

in the isolasted musele experiments were made by making up the

4-‘!"-

stock solutions in K Pfree Penn~Ringer's solution and diluting

thig/



L

this with double distilled water,

A callbration curve was obtained by running each cf.th@A
gtandard aplutlons through the insgtrument and noting the seale
_ﬁeaﬁimg for each. It was found that the ingtrumagt needed to be
left for up 1o an hour before its mp@yaﬁing tenperaturs was
gongtant and tnen the standardisstion pwméeﬂmra,ﬁaﬁ repaated untlil
constant valmg& for svach siandard solution were @btainﬁéﬂ, When
thae readings were coastant a ealibfatian curve was drawn by
plotting the seale readings agalnst the concentration of Kw in

the sptandard.
SR o
The X ocontent of the plasma semples was determined by

diluting G.2 ml., of plasma Lo 10 ml. wiﬁh,dwﬂblewdimtill@ﬁ"watev?
These were sprayed into the instrument Qnd bthe scale readings
ngt@da The samples of bathing soluilon were veually aaéay@d.ﬁmr
Kh without any dilution batﬂif'this wWas necessary the samples
were sultably diluted to bring the deflectlion within the fange'ofF

the meximun senslitlvity of the instrument.

o ,
The concentration of K iIn the sample was determined by

ronding off the coneentratlon eguivalent to the reading from.the
callbration curve.

Three determinations were made on each ganple and the meait
value taken. At Trequent intervals during the determinations the
stendard scolutions were checked and 1T necessary the instrument we

readijusted Lo give the seme deflections as hefoxe.
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