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ABS TRACT

BIOCHEMICAL BASIS OF THE MUSCULAR ACTIVITY OF ERLANGIA

CORDIFOLTIA (S. MOORE)

by
Njuguna John- Mugo

Water extract of the leaves of Erlangia cordi-

" folia (S. Moore) - cbmpositae'(coﬁmonly knoﬁn'ini-
Gikuyuland. as Gathuné) has been‘traditiénally,used
by-the Gikuyu people of Kenya for centuries for the
purpose of'stimulating ﬁyometrial‘contractions in
the process of parturiﬁion. The use df this éxtréct7
has been called for when the progress of'the birth
process has been judged to be unsatisfactérily slow.
The intrbducﬁion to this work (Chapter lf therefére
surveys this use of the plant matérial and proceeds
on to show the val#dity of using Eilangia material
.fdr the study of the process of sEle contraction.
The section also includes a short discussion on the

validity of the use ‘of what could be termed a patho-
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loglcal condltion = that 1s, the obstetric 'lazy'

~uterus. - for Lhe purpose of studying a normal physio-
" logical process (muscle contraction).at themcellular

and molecular levels. The Introduction ends with a-

discussion on the biochemical aspects of muscle con-.
tration that. have to be iﬁvegtigated in order to
ascertain.fully-whatvéould be'the.biochemical basis-.
of the activity of a compound 6; compounds that are
said £o affect the process of muscle contraction.
Chapﬁei”Z‘explains the methods used to. obtain
fhe»crude extract from Eriangia‘leaves and:also a
purlfied compound , cordlfene, from the same source, "
that was found by the: author of this work to have

stlmulatory activity on contracting ‘muscle:. The

chapter also deals with the methods used to characte-'

rize cordlfene chemlcally.

Chapter 3 describes the physiologlcal experlments
carried out to confirm the stimulatory ectiv1ty of
Erlan[ia‘ex#ract and also of co;dikne on the smoeth
muscle of the myomeﬁrium and that of.the inmtestinal
wall, in addition to simiiar effects.on skelefal'
musale, 'These~experiments therefore confirmed'the
fact that the activity of Erlangia material has a
common biochemical basis for all types of muscle at
the molecular level.. |

Stimulation of muscle contraction can be brought

vabout‘through-biochemical effects on the nerve(e)
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_supplyihg the muscle or through direct effeots on
biochemical mechanisms.oCcuringlwithin the muscle:
celi itself. Chspter‘4 of this work is therefore
'concerned with an'investigation intomthe-possibility
leaves that may be capable of 1nfluen01ng_bloche~
mlcal processes within the perlpheral autonomlc
nervous system, as this. sytem is known to be intrl—
cately involred in musole contraction. Acetylcholine .
ﬁetabolism isimportant not ohly for the autonomic
nervous system's biochemical role in muscle oontrach-_-
ion: it is also important forithe biochemical prooeséi
ses that take place in-nervous impulsevtrensmissions
in general - with all the conSequences thatlfhis has.'
“on all muscles, both-voluntary'and involuntary. For_
this reason, a possible effect of Erlangia material
on- the cholinesterase enzymes has been searched for.
Chapter 5 is.conceééd with a series of investi-
gations into the different biochemical processes
that occur in-the'muscle cell during the'contractile,
~activity and the\mode.of.action by which‘Erlahgia
material might be influencing such processes.’ Avsilae'v
biiity of'Cazf to the contractile proteins is.obli—
‘gatory for thefproceSSBOf'muscle contractionlin vivo.
For this reason, ah ihvestigaﬁion was carried out

into the-possibility of Erlangia-materiel heving a--

role in Ca2 “translocation w1th1n the muscle cell
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The fuel for: the contractile.pr0cess is ATP which
is hyerlysed'by the myosin ATPase (E.C. 3.6.1.3)
engyme. It was therefore important to’investigate
the possibility of Erlangia material inducing incre-
ased myosin ATPase activity. And since ADP is a
well known inhibitor of ATPase activity, an investi-
gation was carried out to explore the possibility
of increased removal of ADP from the enzjme nucleo-
tide binding sites that might be induced by Erlangia
material. The possibility of Erlangia material
having activity on ADP metabolism in the muscle cell
was also evaluated by investigating the possibility
of the material inhibiting the uptake of the nucleo-
tide by respiring mitochond¥ia. The investigations
in this section are concluded with an examination
of -the possibility of configurational‘changes occur-
ing in myosin molecules as a result of a possible
interaction in between the protein and Erlangia
material. Configurational changes are known to
accompany enzymic reactions and a part from this, the
process of muscle contraction itself is one of the
best examples of configurational changes occuring
within a system of proteins.

Chapter 6 is a discussion based on the results of

the investigations reported in the previous sections.

Erlangia material was found to react with ADP forming

a complex and, besides probably inducing increased
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myosin ATPase activity, it was also found to induce
marked configurational changes within the actomyosin
molecule. The speed of contraction of muscle has
already been related to myosin ATPase activity and
since this work has related increased myosin ATPase
activity to gross conformational changes occuring

in the skeleton of the myosin molecule, it has been
concluded that the increase in the muscle contractile
activity that has been observed by the Gikuyu people
of Kenya, as evidenced by accelerated labour, is
related to the Erlangia-induced conformational
changes occuring in the myometrial actomyosin molecules.
Cordifene reproduced the physiological and biochemi=-
cal results observed with the crude material of

" Erlangia cordifolia and for this reason, it was con-

cluded that cordifene must be the active ingredient,
or at least one of the major active ingredients, in

Exlangia material that is involved in augmenting con-

tractile activity in muscle.
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CHAPTETR :1:

* INTRODUCTION

1.1 Erlangia Cordifolia And The Traditional Gikuyu

Obstetric Practice.

Erlangia Cotdifélié (Oliv) (S. Moore) is. local-
1y known in: the Gikuyuland as Gathuna. Tk grows in -

. the Kenyan highlands that are inhébited bylthé Giku~. 
yu people, as a commbn séaéohal ﬁeeﬁ. Amonglthe -‘
'Gikuyu.peopie the herb ié weil—known‘for“its stimﬁ¥ '
lant effect on the prégﬁant uterﬁé and is ﬁidéiy used
" in thée rural areas for.the'pukpése'of assisﬁing

mothers during parturiﬁidn;'

“In the Gikuyu traditional medical pradtice, tﬁé_
therapéufic powers of this herb are deemed nécesSaryA o
‘when the mother haé been-in’labour for some time‘and
no visible evidence’' of progress in tﬁe 1ab§qr can be
‘detected. My interview with Tfaditional Medical
?ractitioners in the Gikuyuland has not Yieldea any .
information from which it could be unequivocaily cénf
cluded that either an extract of this herb is admin-

istered to the mother as a reéult’of failed second




‘stage of labour - that is, after the rupture of the
membranesv—'or that the extraCt_is administered to
*faCiLitate the first. stage of labour. However, most
'~Traditionalwﬁedidai Practitioners indicated that the
mother dellvers her baby very shortly after the adml—-
anstratlon of the extract and as such 1t is probable
‘that_the extract,ls morejcommonly_used for speed;ng
_np-tne second stagelof labour than for speeding up
the whole process of labonr up to the birth of the
G
In all cases it is the ground terminal branches

and leaves that- are extracted w1th elther cold or hot -
water and the extract so obtalned admlnlstered orallyl
to  the patlent during labour. |

- The plant (Flg. 1) is a small seasonal herb, 2-3
feet tall. It belongs to the genus comp051tae. The -
. young leaves are green, beooming yellowish—brown.in'
icolour'witn-age._ The leaves are'opposite, lanceola—
te in shape, short and do. not vary greatly in' size.
?The flowers are very small and purple. They.are
produced at the apex of the stem or the apex of the

terminal branches.

1.2 ' Muscle Contraction As' An Important Field of

There are seVerai'reaSons why the mechanism of
muscle contraction should be understOOd. The moStp

funaamental_of these is the advanoement of-knowledge“,t




for its own sake. Another_éood reason for wanting
to understand che'mechenism of muscle contfaction'iejg
the hope thet suchcah uhdefstanding,may faciiitate
-the_undefstanding of muscle diseaSes especially'those'
diSeeseS whose pathoiogies are known to be expressi~“
ons of inherited. genes.. Such'diseases include
_-dystrophie.myotonica and the'myooathies.. Infadditi—
'eon}.the underetanding of the expreSSion of the.éene—
tic1code in_precise.biochemical.terhs may,\one.ﬁopes,
lead to better therapeutic management of ﬁatients

- with such ‘inherited pethologies.

The mechanlsm of muscular contractlon is more'
Ithan a blochemlcal problem and this is easily" appre-
c1ated from the fact that a number of 31gn1f1cant
econtributions to our understanding of'thls-process_
hae come from biothsicists and-thelelection-micro-
:ecoéists. And, as Lehnlnger said in a-lecture to
- the Institution of Electrical Englneers in London in_'
1969: "Actually, muscle should be looked upon as
highlyuefflclent-and Versatlle machlnes, wlth remar+5
‘kable'engineering_ana performance characterisﬁics.
when compared to man-made. machines" (1.

"Tolthe biochemist, the process of muscle ContE -
ctlon holds a special place in hlS 1nterests. This
is because many of the actlvitles of the- cell that he.
studles are a reflectlon, to a large extent, of the
}behaviouf_of specific proteins.in the cell Sl Pherer

is hardly a better-demon9£rationfof-this.geﬁeraliZa~

tion in biochemistry than that which the process of




muscle‘contractien provides...This is because’the.
prbcess»can‘be explaiaed primariiy by the behaVieu}
ral properties of the-proteins myosin; actin, trOf.
pomyosin and tropoﬁin. The higﬁly ordered structure -
thatethese proteins form in‘the muscle cell and their
biochemical interactiOns primarily explain the proc-

- ess of muscle contraction.

X.3 Valldlty Of The Use Of Crude Plant And Muscle

Extracts For Experlmentatlon

In an analysis of a COmplex blochemlcal problem.‘
it is now a standard procedure to make an attempt to
isolate.the individual enzymes or-the_blolqglcally
active molecules themselves.‘ Sdmetimes, ho&ever,'it 
is_sufficientvto'mince or ground the\tissue; The
~mince and the 'breis' S0 obtained contain all the en-'
. zymes ‘or the’ blologlcally active molecules of the
- original material, but in the .case of the enzymes,
the_normal‘SPatial relatxonshlps‘between them are
desttoyed by the disruption of_the.celluiar archite-
cture. -Mere.recently; hOmogenization which means
- griﬁding.chepped tissue Very finely‘preSﬁmabiy leads
to more cell walltdestruction and leads to moreseff
.ficient'release‘of the eeliular components redquired.,
The aim of these metﬁods is to.avail the experimenf'
~ter with cell-free extracts. | .

The usefulness of'cell-free e#tracts.isAexempli—

fied by yeast cell juice} which is obtained through-




process which involves the maceration of yeast cells 

.w1th sand followed by squee21ng the mass ‘in a sultable-
press. Many of the enzymes extracted in this way re-
quire co—enzymes whlch can be removed by dlalys1s,and :
-much of our present knowledge of the fermentation pror;
‘cess has been gained,by the nse.of_dialysed yeast
Juice, often. with supplementary tools-in.the]form oﬁ
- selective inhibitors.l Slmilarlffthe enzymes involved
“dn glycolysis can be.obtainedfin solution by_aéqﬁéous'
exﬁraction'of minced muscle,“forfexample.. The use-
fulness of extracts can also be aemonstrateﬁ'by'the
history of the work on cytochrome_oxldase'and succinic
. dehydrogenase; 'For a long time, these important
enzymes were found to be difficult to purlfy because
of their 1nsolub111ty in 1ce -cold Water or 1sotonic
pota531um chloride solutlon and had to be studled in-
suitably fortifled suspen31ons of flnely mlnced or 5'
',homogenlzed tissue. -
. In this work, extensive use of waterjexﬁracts::

of the leaves of Erlangia cordifolia was made. there- -

fore, not only because this'is»the”extraot that the
Gikuyu people'ha&‘used since time immemorial but
- -also becanSe_prellminary physiclogical tests nae
shown‘rhat'the Water extract increased muscle'con~
traction in vitro. | |

* Crystalline material obrained from the water, .

- normal sodium biearbdnate.solﬁtion_and'ethYl alcohol

'extracts.of thefleaves,Of Erlangia cordifolid were




also useé in thileOrk despite. the fact‘that chemicel.fr
énalysis showed all of them eo be mixed_crYstals;'

This was justifieq on the‘premises that valﬁa@le'.
.seientific-info;metion could be obtained as Has-been
gathered whi;e using,-for_e#ample;-prOtein,crYStais
despite\fh%;%act that pioteins in general_are-knoWh. i
__tb be very.prohe to-the fermation of miﬁed cryetals

while still being far from being chemiCally pure.,

1.4 Validity Of A Study That Starts-"with' A Patholo-

gical Conditlon In Order To Explain Or:

" Understand The Normal.

Studles of the abnormal in order,. in: the process;
to understand the normal have been found very useful
'1ndeed in blologlcal-sclences. Organisms whlch-are_
intact but which ere at. the same time sufferiﬁg from s
:SOme-pathological derangement'of metabolism offer
"valueble expefimental materiai-for some sciehtifie
inveetigation. An\example of this is to be found in
 a1binps.. Alblnos are dev01d of tyr031nase and may
be used in studies of certain_aspects of the
metaboliSm of the arbmatic amino acids; In an early
attempt to de01de as to whether amlno a01ds undergo
ox1dat1ve or: hydrolytlc deamination, cases of
alcaptonuria were»studied. It was found ‘that when
a:ematic amino aeidseWere-excluéed from the diet;-

homogentisic acid was no longer excreted. Bearing

this fact;iﬁ-ﬁind,_it then became reasonable to




suppose.that the administratioﬁ~of‘any intermédiaﬁe:
metabolite Ehat is fcund in'betweenftjrcsine'and :
ﬂomogentisic acid would give rise-tO'renewed-eXCreé.
tion of homogentlsic acid 1f it were to be admini-
stered to an. alcaptonuric patient., The ac1d P-
‘hydroxyphenylpyruvic acid, the product of oxidativec-
.hzdroxylatlon of tyr051nevproved conclusively, When'j'
it was édministered.to'alcaptcnuric patients,cchaf
deamination of tyfcsine; and by iuferehce,.that:of
other aminoﬂacids,‘is an oxidative rather than a
hydrclyticlprocéésvfzj; | |

In. this tYpé-cf studieé,'particularly important
‘among the pathclcgiCal conditions of which-advantugéfn
has ‘been taken is thé'sﬁate-ofcdiabetes. ‘Spcnuaneous
dicbetes,-induced by surgical femovél.cf the pan-
creas or by'injections_of ailoxan or_cf the-ﬁicbetof
geniclhormone cf'the auterior'pituitory, andutﬁe |
pseudo-diabetes'inducec by . the iujeCticn;of the drug':
-phlcrrhizin, have all béen puﬁ to-Service.esbecially»
in studiés of the-metabclism of fats and carbohydra—"l
tes. |

In view of the. contrlbutlon of all these- studles,
the valldlty of a study of muscle contractlon which -
is based, as 1ts starting p01nL, on an 1nvest1gatlcn-
of an abnormal state of muscular contractlon - 1n ,
this case, that of the myometrium at parturition -  .

can then be appréciated.




1,5  Review Qf.Literature

The striated:pattern of-muscle (Fig. 2) can be'
explained by the arrangement of the thick and thin
filaments. The thlcker of the two filaments as -
observed in the electronmlcrographs of muscle con-
tains all the myosin of muscle together w1th smaller
amounts-of other.proteins whose function is -little:
understood |

'The thick filament (Fig.” 3) is an assembly of
'JmYo51n'mqlecules; These are long rods with a double-
"head™ at one.end (Fig.-4)

The thln filament 1ncorporate all the other
three proteins 1nvolved in muscle contraction (Fig. . 5)}
B intact muscle, the thin filaments are attached at

‘one ‘end to the % line, a flat proteln structure. In
'resting muscle, the sUccessive pA lines are separated .-
by a distance of about 2.2 microns and. the'thin fila-’
ments are aligned parallel'to the loﬁg.a#is:ef»the
muscle fihre. » |

As\shOWh in Fig._é,\the thick-filaments frter-
‘digitate in the space between the thin filaments'
_projeeting fr9m~aajacentlz:lines.' lhe spaeihg in
between the.thick and-the_thin filamehtS'is-such
_that they can 51ide;past_eaCh other'withott ahy.

hindrance} : _ g

Murray‘gg;al .(3) have Qemonstreted'the-ehemi—

‘¢al events of muscle-contraetion.(Fig;'7). .These

authors have also shown that when ATP and a myosin




-fhead“.combioe,pthe reSultiné complex is somehow
converted iﬁto'a_“dharged" intermediate.fOIm which-
binds'onto eo actin_molecule_whioh fofﬁs-part:of
a thin filament which'has,'in=it3'turn, been aoti;-”
- vated'by.éaz+‘combiﬁing.with the troponin molecule.f
Whern the two "cimﬁ:.ged."l intermediates come togethek;-'
the hydrolysls_oﬁ-ATP:reetlts followed by'the;re—'
lease-bf-ADP, inorganic phdSPhate ahdnenergy.ﬂ It
is this energy that powers muscle ooﬂtract;oh{
Myosin and actin remain attached to each other and
it is this complex that is known as a "ngor Complex“
- The "rigor complex" per31sts untll a new ATP mole—
cule binds to the myosin head when the'myosin-ATP
.cycle is fepeated. ‘ |
Murray-et; al. (3) go on to_aﬁgue-thét whereas
; — e : iz
a "charged" thin filament will only. COmb_ine.with a
"charged" thick filaﬁent_(?ig}'8),.an unchérged;.-
thin filament will likewise‘bind.anfoncharged'myo—
sin head. They COntinue to'argﬁe that as more ‘and
more my051n heads blnd onto a thin filament which

2+

has no Ca ‘and therefore is “uncharged", a time

" - comes when the thin filament becomes charged and

that when this happens, then the thin fllament can
bind a "charged" myosin head and hydroly51s of ATP
will then occur followed by contractlon_of muscle.

| A tigor is that stetefof ineitensibility that
exlsts ih:huscle‘in.thelabSence of Mgz+A$P-and'not

the deVelopmeﬁt of tension that may occur when-the;




Mg2+ATP.1evel in the‘muscle cell rapidly decreases"

{4) .  Tension develbpment=cduld be due tQ.either '
calciﬁm ;eakagé:intb thé cytoplasm of musole. 8L -
or a decrease of the ATP cohcéntrationwbelow £he:>
level required to maintain ﬁhe_résting'staﬁe (4) .
This is because ATP is required to cause'diséQCiaf
tion of the actomyosin complex (4) and it has been
observed that to be adequate for‘relaxation the
qonéentrafion of ‘the nucleoside triphOSphaté must
not be. lower than that requifed fér‘SO%.of the
”maximal taﬁe of its hydrolysis in tﬁe presence ofv
calcium (5). It is plausible thaﬁfsince the
remqval‘pf calcium from the cytoplasm baék into_the
‘sarcoplasmic reticuluﬁ~requires ATP (6), under :

conditions of very low ATP concentration some of.
2+

Ca 'in.the; cytoplasm are not pumped back and”stay-

on in the cytoplasm. However, it couldabé that one

of the prerequisites of tension development in
muscle is thefretention and accumulation of ADP wi-
thin the myofibril. Chaplain observed this accumu-

lation and came to the conclusion ‘that tension in

muscle'appears to:be maih1y generated by the. build-

up of ADP (7).

There is a lot of evidence in literature that

- show that ADP binds on‘myosin. Moiita (8) reportéd*

that the étoichiometry of ADP'was one mole per bne‘.

mole of heavy meromyosin at 0.06 M KCl at P59 =

Weber et. al. (4) say that free ADP and Pi .are in




rapid‘equilibrium With'the ADP-and Pi in‘the MYOSin-;

ADP—Pi complex and since Szent- Gyorgyi and- Prlor

(9,10) observed that about half of the actin—bound

ADP of superpre01p1tated actomy031n also exchanges-/

v'w1th solvent ATP, it follows that there is probablyl

a lot of ADP in the cytoplasm which can concelvably,:

regﬁlete the equilibrium in between the cytoplasmic
ADP'and the'myofibrillaf ADP in such a mannef that;
there can be a lot of ADP which remains bound to

 some my031n molecules all the time. The evidence

"that ADP binds on myos:Ln and the reported fact’ that' »

ADP does not cause depolymerlzatlon of actomy051n
(1) agrees well w1th Chaplain's (7) flndlngs.

Kiely and Marton031 s report. (11) is all the more

plausible because they found ahfaffinity.oonstantvof ;

ADP for myosin of 10° &k very low iohic-oohcentra-

_'tions, the sort of ionic concentratlon likely to be

found phy51ologically in muscle cells. It-lS there—'

fore not surpt151ng that well-washed myofibtils pf.f
rebbit dikaiatal wheole axbibit, Abb ne. the main (70
to 80 per ceht)fnucleotide bound inﬂthem-(lz),

Abbot (13) has shown that'Stretching of a’
-'musole effectively increases'the'number of cross+
, biidé‘es fo::med in between the thin £ilament and the

- thick filament. This agrees well With thelfindings

‘of Eisenberg et. al. that not'all.myosin heads'cepa-.'

ble of binding‘ohto»the thin filament do so at any

ohe;time (14). This then'meaﬁs that a chemical com-

pound that ‘could cause conformetional chanoes5on~the'”

; 11




contractile proteiné Sﬁéh that 1ocaiized areaeuofv
these proteins decreased in size thereby effecti-
vely caueing streﬁcﬁihg in-other parts along the:'
length of‘£he polymers, eoﬁld»also-conceivably
iﬁdﬁce*indreased_éroes—bridge formation and there-
'fere-increased ATP hydrdleis.- The effect of the

- chemical compound would: then be to 1ncrease con-

tractile activity in the muscle perfunlt time.

1.6 '~ Discussion on Literature

 During parturition, the mYometrium-retracfs.

This means that-when the §hase_of'relaxation follows‘-
the phase of contrectidn; the muscle.does not“fesume‘
its-eriginal ;ehgﬁh. At‘the-same time there is a
' netAincrease in.tension_of‘the musele.at the end of -
the phase of rela#ation. ‘This eoﬁld then mean thate
it is probable thaﬁ aftei:contractiOn,_ohly aepropor—.i
tion of fhe:ADP.se\formed in the myofibrils is rele—
ased into the cytoplaem away‘fromuthe myosin-mble—
cules.. .

Chaplaln (15) found that the aden051ne trlphos-
phatase of 1nsect ‘actomyosin - was activated by Ca2+'
' but that .th‘ls .acth:Lty_wa's. coo.p'er.ative'ly‘inhibi..ted '
"by ADP, This was an echo of an earlier ploposal by
- Blum et, al. (16) that the rate of ATP hydroly51s is
limited by the‘release of ADP-from'the.activejsite
and that the-acti?ators of myoéin ATPase bfingaébout.
their rate acceleration by promoting theﬁdiSSociaQ

tion of the myosin-ADP complex. It therefore foiloWs




that if an extract 45 to imo:éase ATPase activity
then it could probably do so through’facilitatihg
the removal of ADP from the m&ofibrils, Thie coﬁid
be‘possible-if the compound influencedAthe concen-
tration of the cytoplaSmic AD? in such a way that |

ADP in this compartment decreased because such a

| decrease would shift the myofibrillar ADP cytoplas-

mic’ADP equilibrium in the direction of‘decreasing

myoflbrlllar ADP- (4) and thereby make more actlve

31tes available fom Mg2 ATP binding.

Prellmlnary physiological experiments on effectsd

of the extract of Erlaqgla cordlfolla -on muscle acti-

vity had shown a long lasting tension development
caused by the extract. As pointed out above (4);

increase:in Ca2+'in«the cytoplasm is reflected by

tension development. ~Calcium release from its"socj-

ketsi in‘the.sarcoplasmic reticulum (Fig. 8) is
brought about by the depolarisation of the.cellA

membrane following a nerve impulse (1). A compound

that increased muscular contractile activity thfonghd

increasing the aveilability‘of calcium could-then
conceivably act khrough facilitatiné the nervoos
mechanism involved in the process of Ca2+wrelease
from thedsarcoplaemic réticﬁlum; |

This then means that a'chemical compound thatc
increases muscular activity - 1ncluding that of the.
myometrium = could do this by either facilitating

the availability of Ca2 ‘to the-troponin molecules




of. the thin filaments oxr bf.remOVing ADP - a_well
known lnhibitor of-myoein;adehosine triphOSphate
activity. |

There is yet a third method‘by which a chemical
acting directly on the muscle cell could brihg‘about
,increaeed contractile activity and this is by'havinél

an act1v1ty on the myofibril such that the. act1V1ty

resulted in an increase 1n the number of cCross— llnk—-’

ages formed atjeny.glven moment-by the actin and the

myosin residues of the thin and the thick filaments

respectively. This is so because it would mean an

increase in energy production. for cOntractile activié

ty (3) and would support the view of Eisenberg et al.

that not all "charged" my051n molecules on the_thlok
- filament complex with the thin filament (14)
In our 1nvest1gatlon on the blochemlcal basis

of the action of Erlangia cordifolla extract on

myometrial contractrle'activ1ty, it was 1mportant e o

isolete'a compound from the plant that either'facili— s

)

- tated Ca2 entry into the muscle cell cytoplasm or
facilitated the decrease'of ADP concentratlon-ln the -
cytoplasm so that'the'cytoplasmic ADP:myofibrillar.
ADP equilibrium would shift in the 'aire'ction_ i
ng the .release of more‘ADP>from the myosin molecules.
~Act1n acts as a cofactor for my031n ATPase actlvity
(17) and this means therefore that conflguratlonal
changes involved 1n the contractlle ect;vlty_of

muscle'are found in thefthick-filament.i'A cOmpound,'




:therefore, ;haticaused confiourational changes in

" myosin which resulted in,a decrease in the‘size'of
the_molecnle - if it'could be found in Erlangiad'

' cOrdifolia - could-effectiVely explain the increased
ATP hydrolysis by the myofibril obserVed with the .
crude extract from the plant because such localized
short;ning of the myosin polymer (l8).would_result
in'strefching'in the other parts of the polymer
tneréby increasing crossflinkage-formation in bétwe—
_en thé.thick and;the £hin filaments (13). ‘This then

indicates the significance of the isolation of COr=

difene from the leaves of Erlangia cordifolia. Not., ™t

- only does cordifene bind ADP in é}tro, it also causes
Q .
-gross-configurational changes in .QJ&mYOSin molecule

which result in the contraction of |§Q'molecule.
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et -uﬁd‘oohmlnllurem-
dnhnhbnhﬂnm&-mnmhn musele (top) 1o contract (bottom ).

Fig. 2: From "The Cooperative Action of Muscle Proteins" by
J. M. Murrary and A. Weber. By courtesy of the Publisher,
Scientific American Inc. (Copyright @ Feb. 1974).
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Fig. 3: From "The Cooperative Action" of Muscle Proteins" by
J. M. Murrary and A. Weber. By courtesy of the Publisher,

Scientific American Inc. (Copyright (C) Feb. 1974).
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Fig.

5: From "The cooperative action of muscle proteins" by

J. M. Murray and A. Weber. By courtesy of the Publisher,
Scientific American Inc. (Copyright @ Feb. 1974).
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Fig. 6:

From "The cooperative action of muscle proteins" by
J. M. Murray and A. Weber. By courtesy of the
Publisher, Scientific American Inc. (Copyright ©

Feb. 1974).
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Fram "The cooperative action of muscle proteins" by
J. M. Murray and A. Weber. By courtesy of the
Publisher, Scientific American Inc. (Copyright ©

Feb. 1974).
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Fig. 8: From "The cooperative action of muscle proteins" by
J. M. Murray and A. Weber. By courtesy of the
Publisher, Scientific American Inc. (Copyright @

Feb. 1974).




"CHAPTER ' 2:

" ITSOLATION OF MATERIALS FROM THE:LEAVESrOF!ERtANGIA

" CORDIFOLTIA.,-

2.1 PREPARATION’OF‘CRUDE EXTRACT OF ERLANGIA.

CORDIFOLIA MATERIAL

-2.1.l-A‘INTRODUCTION

The author's interviews. witijl a number of
Traditiorial Medical Practitioners in. Gikuyuland
had revealed that it was the terminal branches and

the- leaves of Erlan‘gi’a‘ 'c‘ordlfolia that were used

therapeutically. Thi‘s. material was extracted with

,:2a§i};

- either cold water or hot water and it was the extract -

so obtained that‘was admin'istered orally to the

-patient..

2.1.2 - MATERIALS AND. METHOD:

Eresh‘ Exrlangia cordifolia material (twigs and

leaves) was first cleaned'v}ith‘ordinery tap water-
-then rinsed with 'distilled water ‘The' 1eaves were
then ground W:Lth a blender (F:Lscher Sc:.entlflc,

.Zeltweg, Zurlch, Sw:l.tzerland) If the leaves were




going to be éitractéd‘with'Water no fﬁrther_pfepara;
‘tion of ﬁhe'leaveé wéskcarried buf. -H6Wever,‘for
the ethyl élcoholgand methyl alcohol extractions;
the-ground,matefial waé dried in an oven-with-a hot -
air cutrént at 40f509C fqr'aﬁpxoxiﬁateiy one Qhole
'_da'y- | “

'The ground material‘was then placéd'in<a glass
flask and to theiglass flaék was added the extract-l-
i@g solvent.. These solvents were céldidistiiled
_waﬁef, cold methyl aleohol (Reagent grade)'and cold
éthyl:alcohol (Reagent grade) . The:extractioﬁ»was
also carriéd out with boiling éolvents and:in this
case a refluxing,column‘(Fig;-9), was attached to
‘the Qlass%fiask'in Which‘the extraction was carried
out. .The'heatiﬁg_ofnfhg solﬁents Qas carried out
electrically by placing an electric heater below the
extraction'flask. .

In every case the extracts.ﬁere.strained throggh‘
glass wool and theiresidué discarded.' Thé extract
was then filtered using Whatman paﬁérANo; l.(Balstonl
Ltd., England). The extract was then cOncenéfated
by using a rotary evaporator (Rotavapor_R;'"Buéhi
Laboratoriums_Technik; AG CH 9230 Flawil; Shweié,
SWitzeflandi the éxtract being{heatedlto-a'tempefa—
ture. that alléWed é.reasonable distiilaﬁibn of the
- solvent. In the case of the water exﬁraét o
température'tq'which~thé extraét was heétedfwés 70°C.

For ethyl alcohol and methyl alcohol extracts, the -




temperature used was 50°C. The coneentrate was then
placed in a clean glass beaker under a hood. in whlch
aaslow current of air was allowed to run over the.
beaker.y After a week, crystallization was judged‘i
to be complete. The supernatant was decanted off and
the white crystals washed W1th a mlxture of acetone
and‘isoprophylaalcohol (laboratory reagent grade)

”The wet crystals in the beaker were then placed back

in the stream of cold air under the KSol & s1reven ©

to dry.

2.1.3 CHEMICAL ANALYSIS OF THE EXTRACT

The crystals obtained were all white, needle-‘
like and malnly rhombic in shape although other |
shapes‘were also observed. An attempt to obtain a
melting point, by using a sealed caplllary tube, in
all of them»falled. None. of them could be melted
at any temperature below 360 . at 220° C, sublima-
tion of the crystals occured, a.White.sublinate
being obtained which left a black material_behindr M
Bnrning_the material with a Bunsen flame.left‘a‘f'
~ black material behind indicating that,the cryStals_
'were;inorganic in_nature.. All crystals were found
to be‘extremely soluble in nater.

Elemental analysis of the materlal indlcated
that ﬂ: contained Ca . {15: 80%) Carbon (17 56%),

hydrogen (6.32%). No other 1norganlc elements could .

o

be detected by the Atomic Absorption spectrophotometer -




(8P 90 Atomic Absorptlon SpectroPhotometer, Pye

Unicam Ltd., Cambrldge, England)

2.2 EXTRACTION OF CORDIFENE

2.2.1 INTRODUCTION

Preliminary work on this author's efforts to -
ohtain“a cryStalline material that ﬁould have the |
expected biological act1V1ty, though successful had
only ylelded mixed crystals which were inorganic.
'Chemrcally a more thorough effort had to be made.to 2
tr§ and isolate an organic compound from the-plant
material that would exhlblt the act1v1ty observed -

whlle usingi the mixed 1norgan1c crystalline materlal

”2.2.2 MATERIALS ANDREQQIPMENT

nBlender (Frecher Scientific,_Zeitweg; Zurich,
Switzerland).

Rotary evaporator'(Rotavapor R. Buchi.Laborato-
-riums-Technik, AG CH 9230 FlaW11.Schweiz;
SW1tzerland) | ‘ |

Methyl alcohol (laboratory reagent grade)

n—Hexane (analytlcal grade)
Benzene ( e Wis o 0
- Diethyl ether (" e )

Anahydrous-sodium sniphate (analytical Reagent)
10% Sulphurlc acid (laboratory reagent grade)
'Large Chrototographic plates

Florisil column-(l x 40- cm)




Uv. SpecFrophéFémeter (S;P.'l8od-ultrAViolet"
spectrophd@qmeter; Pye Unicam Lﬁd.;.Cémbridée; E
England) . | 4

IR Spectrophotometer‘(Infrared.Spectrophofometer,
éye Unicam'Lta., Cambridge, Englaﬁd),. ‘ 5

MR - 13

C, lH Megahead Nuclear Magnetic Reso-
nance Spectrophofméter.

Mass Spectrophotometer

Sargent automatic Recorder (sargent Recorder

mbdelVSRG E.H. Sargent and CQ. Chicago,-U.S.A;)

2.2.3 EXTRACTION PROCEDURE:

A weighed amount of fresh gieen_leaves of E.
éordifoiia was put in,methyl-éicohdl (iabofatory
reageht grade) and maceratedfin'a-blender'to &ery
small bits and the mass-was‘left'tofstéﬁdvat~xoom
temperature for three days after which the eXtract
was filtered.. The filtrate:Was concentrated»ih'
fvécuo using a rotary evaporator. The cdncentrate
was. then stirred with:—' |
I a)’ n-hexane (analytical gfade) to extract fhen>

n-hexane solubie'fraétiOhs).' |

b) Benzene (analytical Qfade) ﬁo extract fhe'
benzene soluble f;aétion).

c) Diéthyl ether (analyticallgradé) to eXtréct
the_ether'sélhbleffraction). | | |

d)}'Chlorofofm (anaiytical grade) to extract the

chloroform soluble?fraction),




_2E);ij

Thin 1ayer‘thomatography'using-silica gel plates
and 10% ether in benzene (analytical grade) showed
~that most of the organic ﬁateriai“wére‘concentrated
in the benzene fraction. Very littleAamoﬁnts of
material was extracted by the other éolﬁents_from‘
the'methyl aicohol e#tractﬁ

The benzene extract Qas'then dried using anhydr- -
_oﬁs sodium sulphate and then cbncentrated in va¢u6,~
For thin layexr chromatography plates precoated with_

a fluorescent dYe were used. The plateé were visua-
lized using ultraviolet light andlfhen sprayéd-with

. 10% sﬁiphuric acid before'heating them in the oven.

" The disappearaﬁce 6f the compounds on heaﬁiﬁg chfér- .
med.fheir organic nature.

The concentrate was then intfoducedion'a florisil
coluﬁn.v Benzene and diethyl ether (in the ratio of |
4:1 respectively)' was then used for elution and -
afforded a solutioh whichy‘on evaporation in.air,
gave white cpystalsldf a pure coﬁpound,which this

author named CORDIFENE.

. 2.2.4 ° CHEMICAL CHARACTERTZATION:

1. " MELTING POINT:

When placed‘in_a séaled glass tubing, Cordifene

was fouﬁd,to have a melting point'of‘ZQO-20l°C.

2. ' INTRARED SPECTROSCOPY. -

Cordifene was dissolved in chIQIOform (Spectro-




0

s copy grade) and using an infrared spéétroPhotometér
(Pye Unicam Lﬁd., Cambridge,_England)‘an infrared
spectrumﬁ(Fig, 10) was obtained. The major charact-
-eristics of the spectrum were:- - _
a) Vmax at';,780‘cmhl.indicating a C=O.g#oup §£ -
the;compound's lactone group. '
b) A peal‘c'at.l,7.20.cm_l indicatingnanother C=0 .

grouping.

‘3. ULTRAVIOLET SPECTROSCOPY

' Cordiféne-was dissolved in~absolﬁte ethyl'
alcohol (aﬁalftical graae):and ﬁsing an SP. 1800
Ultraviolet Spectrophotometer (SP; 1860-Ultraviqlet
_épectrqphotometer, Pye Unicam Ltd., Cambridge,
Englénd) and quartz cells, an:ulﬁraviolet‘spectrum
(Fig.-ll)_was'afforded whosie charactexistics'wére:é;.

A-max = 213

Il

% 18,310
The ultraviolet absorption confirmed conjuga—v

tion in the compound.

4, MOLECULAR WEIGHT DEiERMINATiON

A Molecular ion with a molecular weight of 376
was:-obtained using chemical ionisation mass;spectroé
éhdtometiy. This.was obtained through~£he kindness
of Prof. Koji Nakanishi of Columbia University, New
York, U.S.A. in whose laboratory this mbleculér Weirf‘

ght determination was carried out. Dr. Asafu Maradufu o




oflthe International Centre £or-Insect‘Physioiogy

and Ecology in Nairobi,'Kenya, attempted to deter-
mine‘molecular'weyéht using‘electron,ionisation nass
Spectrophoﬁetry.but his attempt failed beceuse the.
molecule broke up into smaller molecules the biggesch
. ion obtainable by this method:having a‘molecularAwei—

ght of 197.

5. MOLECULAR FORMULA:

A molecular formnla; of C,oH,,0. was obtainedf
byathe kindness of Prof.'Nakanishi of Columbia
Unlversity, New York, U.S.A. by the use of 13Carbon
and lHydrogen Nuclear Magnetic Resonance spectrosco-:

py (Fig. 12, 13a and 13b).

_Cordifene (Fig. 14) is a stable white crystalllne i 2

materlal which is:soluble in 70% methyl alcohol)

. 2.2.5 CONCLUSION ON' CHEMICAL ANALYSIS OF ERLANGIA

CORDIFOLIA MATERIAL .

Analysis of blologically active compounds 1n

Erlangia cordlfolla materlal has shown cordlfene to

be the main organic component. This conclusion was
‘arrlved at on the follow1ng grounds-—

1) Cordifene has the main blologlcal‘activitiee
elaborated by the ciude extract - that is, |
increasing muscular contraction, enhancing’
ATPase activity,'and binding ADP.

2. Cordifene was the major extractable compound




found in the methyl aléohbl extract;  Amohg |
£he crude extractions, methyl alaohol eXt:éct
'was'fduﬁd.to have the highest-activity.'
Cordifene; thever, does.not dissolve markedly
in water but in\70% methyl'alcphbl while all the crﬁde
extracts were very soluble in water. Improvement in
 s§1ubility'of cordifeng in aqueousISOlution.is bfcugﬁt 
about'byvthe addition of spdium_hydroxidé into the |
mixture.l'A 0.d ‘MoTuz solution of sodium'hydroxide
dissolves cordifene well.
Gitler and Montal (19) showed that proteoiipidé |
(notmally soluble in chlorofbfm:methanol-mixtures)
have to be neutralized first before they'cén dissblve“_
in completely 6r.almostuéompletely apola;.solvehts.‘
By:éither protonation. or addiﬁg-monovaleﬂh of'diVa-'
lent catioﬁsrinto proﬁeolipids'(for‘example,'phosphavg'
tidylserine, phosphatidylcholine and phpsphatidyl—,. '
inositél) énd évén»a compiex ﬁolecule liké:cyﬁochrome
Cy tﬁey could make these molecules dissolve in n-de~ .
cane. This then means that'alteration:ofrthe charge-
of a molecule can lead to a change in its.sblubiiity»
-chatacﬁeristics. Similarly it is possible tdlvisua—
lize the lactone of cordifene being opened up and
with this change in the ionic configuration of the
molecule a»chaﬁge in'itS-éoiubility'characteristié
coula ensue. Chances of this poséibilityvtaking'

place are suggested by.three'factorsé-
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a) ”That-the crude extracts from Eriangia‘cordi—-

folia material were all basic.
b) Alkalis open up the lactone rings easily.

c) Basic compounds- occur frequently in plants.

These factors could :contribute to the alkalinity - e

reéuireé in the extractidn media to ensﬁre the opéning’
up of the lactoﬁe ring-and thereby ensure. the solu- |
bility of thes: molecule in water leading to its
extractioﬁ fromvthe plant material. -Cordifene's -
solubility in ﬁhe watér éxtract would-therefore_give:.
credibility to the suggestion that it:is probably -

the major contributor to increased contractility of

muscle caused by the extract of Erlangia cbrﬁifolia;
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'EFFECTrOFrERLANGIA'CORDIFOLIA'MATERxAL ON MUSCLE

3. l EFFECT: OF ERLANGIA CORDIFOLTA: MATERIAL ON THE

SMOOTH MUSCLE OF THE MYOMETRIUM'b

= T O 'INTRODUCTION:v

The aﬁthor?s ihterview with traditional'medical
- practitioners had conclusivély indicated that it Was. 5
the pregnant Woman in labour to whom the extrédt'frOmv

" Brlangia cordlfblla was admlnlstered. As a starting

point in the 1nvestlgatlons on the effect-of'the'
extract on muscle contraction, the author had tﬁefe—'_
fore to see whether he'could induce incréaSed contrac-’
tions‘in_rhYthmicaliygcontraéting myometriai strips;
Guineé~pig and albinbvrat myometrial strips were
chosen for the purpose bécause'tﬁese animals were

readily available.

- 3.1,2 MATERIALS AND INSTRUMENTS:

A thermal regulated water Jacketed glass tlssue bath

(501ent1f1c and research instruments Ltd.,
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Croydon,-Surrey, England).

Devices recorder - serial Number M 4 352 (Devices
Sales Ltd., Welwyn Garden City, Hertfordshire,‘
.England).

Blender (Fischer Scientific, Zeitweg, Zuxich,
Switzerland) .

Mixture of 95% Oéﬂand 5% co, (East African Oxygen
Ltd.; Nairobi, Kenya).

Leaves and terminal branches of Erlangia cordifolia.

Kreb's solution. One litre of this solution contain-
ed 5.54 ml. Molar NaCl; 0.35 ml. Molar KCl; 0.29 ml.

Molar MgCl » MgSO,.. 7 Hy0; 0.28 ml. Molar CaCl,;

2

2.1 ml. Molar NaHCQS; 0.16 gm. anhydrous KH, PO,
and 2.1 gm. glucose.

Pregnant guinea pigs and pregnant albino rats
(supplied by Medical Research Laboratories,
Ministry of Health, Nairobi, Kenya).

Cordifene

Oxytocin.

©3.,1.3 ~ EXPERIMENTAL: PROCEDURE::

To one kilogram of fresh green leaves and

terminal branches of Erlangia cordifolia was added ‘

two litres ofrdistilled water and then blended with

a blender and the mixture boiled for ten minutes gf-_
ter which the mixture was allowed to cool for Ffour
hours. The greenish yellow extract was then filtered.

A pregnant guinea pig or rat was sacrificed by
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giving it a heavy.blow on the head and the stomach
wall was opéned up as gquickly as possible to extract
the myometrium. A myomeﬁrium~Weighing abOQt'ZOAgms7
was. then immediately placgd’in a beaker éohtaining :
Kreb'éhsolution and equilibraied é£v32°é; Into this
solution Qontainihgvthe>myometrium, a slow>f10w of
the mixture of the éngen and carbon dioxide gas
mixture was introdtced;thrqugh a-glass tube.so ésAto
" keep the muscle alive. A suitable thin strip of thé‘
myometrium, about 0-7cm. wide_' and 2:5cm. long and
weighing abéut one gram was-tﬁen.isolated frém the  
myometrium and‘immediateiy'placed in a glass petri
dish containihg Kreb's solﬁtidn_again equilibrated

at532°C. The strip was keptlalive by'constant apbli-

cation of the temperature - equilibrated Kreb's solu-

tion.. The myometrial sﬁrip was then fixed onto the

fixed point at the bottom of é“glaéS'tubing'connect—"4

ed to the oxygen - cérbon dioxide. supply and the

‘glass tﬁbing'with myometrial strip attached to it

'was then placed in the tissue bath ‘containing Kreb's

solution‘atﬂ3290. 'Theiother end‘of.thé_myometrial

strip was fixedfonto.the Devices recorder with a thin

cotton string in such a way that contractions of the

nuscle would pull the'étring fixed onto the Device's ‘

recorder and this mQVemeht_WOuld then be detectedvby'-

the recorder. The organ bath had an inflow at the:
" top énd an outflow at the bottom of the‘tisSue com-
partment. This was. the arrangement used throughout

these repording axperiments.' The oxygen-carbon .dio-




xide‘minture waeoallowed to flow in at a;stendy rate

- of about two litres per minute. A volume-of 20 ml;
Kreb's solution in the tissue bath was the amount. of
Kreb's solution that bathed the tissue, always,ln-
these experlments.‘

With most of the myometrial strips. used, steady'
contractions of the muscle started 1mmed1ately-and
automatically as soon as the strip waS'fixed (as des-
crlbed above) in the tissue bath. Where~oontractione
did not start automatically; about 5 nanograms of
okytocin were added into the bathlng solution to
start.off‘the contractions. If this failed it was .
then taken that the particular strip wasldeadrand,
another strip nas isolated and fixed as desciibed‘
above. |

Contnaotions of the myometrial stfip‘wexe
_recorded when the Sttip's intrinsic oontractions were
deemed to have become steadj.‘ After five'minutes
of recording of the steady intrinsic contractions,

.0+l ml, of. Erlangla‘dordifolia solution was then

‘added, using a mlcroplpette, while the recordlng of
the contractions was still going on. When a record-
ing of the,steady rate of contraotion of the,Strip
in the modified Kreb's solution hed been;donelfor at
least five minutes; the modified Kreb's-solution
bathing the strip was then changed making sure that
the: replacing voiﬂme of Kreb's eolution‘nas alwaYs

‘the same volume as that which was ran out of the




tissue bath. The procedure was repeated with steadily_

the difference in between one dose of the extréct and
the next being-alwayé-o.l ml. ’Thg res%%oirfof'theJ
Kreb's solution used.for supplying frésh'Kféb'S*solu-'
tion was kept at roomAtemperatuté and as such time

had to be allowed for the frésh Kreb's solutionito
_equilibrate to the Watef'béfh'tem?erature of=32°C

and the strip's intrinsic contfactions>in this-f:esh

Kreb's solution to become steady for atcleastifive

introduced into the bath. No addition of-thé extract
'waslmade.until'the myometrial intrinsic contraétions_‘
in the fresh Kreb's solution wefe deemed to have be—
come steady and for at least five minutes. Then the>.
recording of thé contractioﬁé under the influeqce of
the extract was then repeated fol1owed by‘séopping "
the recording and running out thévmodified'Kreb's K
solution in o;der to add fresh Kreb's solution in
preparation-for another cycle of recording.

In every case when this‘éXpéfiﬁentvwas,carried
out'the initia1.dose'of the extractﬁthat'was added to x
the 20 ml. of Kfeb'é sblutibnrusing”micrbpibeﬁtes
énd'ordinary pipettes was'alwaysvo.l.ﬁl.

The'procédure was repéated using.coraifene atl
a concentration of 5 mg. in 10 ml of 0;4 Molér NaOH.
The tracings on the smoked paper were then fixed on

the paper using a l:l solution of benzene and:xylene.

©




3.1.4  RESULTS:

From Fig. 15A, it can be Seen from'the-tracings"

‘that Erlangla cordifolia leaves and terminal branches : =

contain a compound (or compounds) which not only

1ncreases.the.contracthns in terms-of magnitude but
.also the duration of each‘contraction is increased.
The extract was.also-found-to increase'thefmagnitudea
of contractions and duration of the contractionslin.
the non- pregnant uterus. | |

The results of stlmulatlon due to cordlfene_

(Fig. -15B) was_a.reproductlon of_what had been ostr-'

. ved while using the.crudeaextract,

- 3.2  EFFECT OF ERLANGIA CORDIFOLIA MATERIAL ON

PERISTALSIS.

:3.2.1 ~INTRODUCTION::

Peristalsis is a thsiological phenomenon exhi-

bited by the smooth muscles in the wall of the gastro-

intestinal system. If the effect of Erlangia cordi-.

" folia material was not just on the'myometrium-alone,".

and eSpésialiy if this material simply augmented an".
.Zalready existing contraction Wave; then ons would

. eXpect the matetialnto.angment:pefistaltic contrac-

: £ions in the gut muscle. Thefseties of éxperiments '
.reported~in here was tﬁefefofe:carried out to séé'

whethar Erlangi" Urdifolla materlal did 1n fact

augment:contractlon waves in smooth muscles. in general.




©3.2.2 . MATERIALS AND APPARATUS:

A thefmal = regulated-water jaéketéd giese tissuei
bath with the inflow at the top and the- outflow
at the bottom of 1t (801ent1f1c & Research.’
Instruments Ltd., Croydon, Surrey, England)

'An electrically driven recording drum (C.F, Palmer-'
{London) Ltd., England).

Smoking paper. |

Giass micropipet£es,and pipettes.

Tyrode solution whose contents per liﬁre wefe'S gm,

- NaCl; '0.2 gm. CaCl B 35 gm MgCl,; 1.0 gm

NaHC¢3; 0.05 gm. KH2PO4 and 1.0 gm. of glucose.
. Mixture of 95% 0, and 5% Carbon dioxide (East African:

Oxygen Ltd., Nairobi, Kenya).

" Erlangia cordifolia extract and cordifene.

:3.2.3. ~ EXPERIMENTAL PROCEDURE::

the cordifene solution were prepared'as.descr;bed'ln
‘Secticn: 3.14 3. | | _
An aduit'guinea pig ef'abdutgﬁour-menths which
had been starve& for sixbeen:hours wes:sacrificed
by g1v1ng it a heavy blow on" Lhe head Wlth a plece of
wood and the’ stomach wall opened up as. qulckly as
possible so as to extract ‘the small intestine., ' A .
small intestinal strip weighing abeﬁt thirtj grams
was isolated and after being Washed_clean with warm

Tyrode solution (at:37°C) was freed. from its omentum'




and placed in4a small.beakef cdntaining the same
physiological solution at- 37%. .into this beaker
COntaining“the myometrium a slow flow of the gﬁs._
-mixtuie of oxygen andrcarbon dioxiaé ﬁas:introduCed
'throughfa glass tube so as‘to.keép the muscle alive.

" 'A suitable strip of the small intestine (dpodenum,

jéjunumvor-ileum) about 4 cm. long and weighing about .

‘one gram was then isolated from the small intestinal "~

_specimgna. The strip was then fixed onto thé fixed
point at the ]c;otjtom\:of ‘é. .gl'a.s_s'_ tubing‘. connécted to |
'the-oxygen—carbbn dioxide:gas,mikture éourée makiﬁg
sure that the tissue tubing remained patént.  A thin
:,cqtton string was then fixed at the.opposite end’ of
the muscle étrip agéin making sure that.the'muscle
tubing retained its_paﬁency. -The whole fi#ing process
waékcarried out While the iﬁtestinal.specimen was |
éi;ill bathed in the physiological solution ‘at:37°C.
The glass:tubing onto which one end of the inteStiﬁ—
al strip was fixed was then'trgnsferred.into a
_phys.iolog.ic'al éo.lutio_n in the “nrate'r. jacketed giass ;
tissué bath'and Ehe string éttached to the lose éﬁd
xdf'the specimen was then atﬁached'tb a ievér that
was designed to make a recording on thé smoked-péper~
on the drum (Fig..16). The tissue bath_WQS'éurfounQ'h
ded %j_water ﬁaintained'ét;37bc=by a:thermo-
staticallj-controlled heating.unitm .

Recording of the intestinal sﬁrip's-peristaltic

-actiVity was recorded kymographically. Aftér tempera—‘




ture equilibration and when the'peristaltic contreCfe
tions had become reasonably unlform and therefore
could be Judged to be steady and constant, the. strlp
was then treated with gradually;increaSing amounts’

ofvErlanqia cOrdifolia'extract -.always"starting with

O.1 ml. of the extract and increasing the dose to be

" added by doubling the previous amount. An extract was

added only when the contractions were judged to be
constant. . |

The experimentﬁwas‘repeatedxusing a solution of
cordifene made by dissolving one mg. of cordlfene in
10 ml. of 70% methyl alcohol and agaln with a solu—
tion. of cordifene made by dissolving one gm. of
cordifene in'ZO ml. of 0.40 Molaf NaOH; The Lrac1ngs
-on the smoked paper were then flxed on ‘the paper

using a 1:1 solution of benzene and xylene.
3.2.4 RESULTS

Fig. 17 is-a-kymogtaphic tracing showing the

effect'of'crude‘Erlangia‘cordifoLia materiai on
peristalsis. Fig. 18 ie a kymographic'traciﬁgV
showing_the'effects of cordifene on the peristalsie
of the intestinal strip. ' | '
From the treoings, it can be seen that both

" Erlangia cordifolia crude materielﬂand cordifene

increased both the tone and the amplitudé of the
intestinal contractions. Not only was the tone*ahd;
the -amplitude 0f3the_contractionsaincreased; the

increages:were sustained for a long_time;




+ 3.3 EFFECT’OF.ERLANGIA CORDIFOLIA MATERTAL ON

" SKELETAT MUSCTE CONTRACTIONS :

- 3%3.1 INTRODUCTION:

Barany et al. (20) have shown that a number of
substances which include urea, guanidine - HC1,
ethylene glycol and ethyl alcohol stimulate Ca2+‘-
ATPase of chicken: gizzard myosin and also activate

Ca2+ - ATPase of rabbit uterus myosin but have no

effect on the Ca2+'— ATPase of chicken breast myosin.
Smooth muscle has an intrinsic mechanism that enables
it to contract regularly in the form commonly referred
to as éeristalsis in the gastro-intestinal system.

'As such no extraneous stimulation is required to faci-
litate this contraction with a possible exception of

the occasional uterine specimen.

Having found  that Erlangia cordifolia increased

the contractile activity of smooth muscle, and in
view of the fact that some stimulants will have an
effect on some types of muscles and not on others,

it became desirable to find out whether the activity

of muscles - that is, those with an intrinsic contrac-
tile mechanism for rhythmic contractions and those
that had to be stimulated first before they could

contract..
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©3,3.2 ~ MATERIALS AND APPARATUS:

A‘kymograph recording drum, 200-250 volt, alterna~.
ting current [{a s gk ?almen (London) Ltd.,v;.
England) , ,

Electronlc stimulator - Catalogue Number 418/8048/01

(C.F. Palmer (London) Ltd., England).

A phrenic nerve electrode - Catalogue Number 418/8095j.

(C.F., Palmer (London) Ltd., England) .
‘Sprlng lever  (C. F. Palmer (London) Ltd., England)
Seconds' timer - 200-250V., 50.HZ. (C.F. Palmer

| (London) Ltd.,-EngIand).

Thermal regulated.watenejacketed'élass tissue bath
(Scientific'& Reseanch‘InStruments Titd.
Croydon,'Surtey, England). ‘ ‘

Water bath:‘.200—250V;,‘alternating current.
(Scientific'&'Research»lnstruments Ltd., Croydon,
Surrey, England)l |

95% 02 and S%iggé mikture (Eaet African Oxygen-Ltdg}

Nairobl, Kenya) .

Kreb's solution consisting‘of‘G‘QZigm; NaCl; 0.354 gm.- -

i
NaHCOB, 2 gm, glucose and 0 282 gm. anhydrous

KC1l; 0.294 gm. MgSO4, 0.162 gm. Ki POy; 2.10 gm.

Caclz.
White albino rats (supplied by the Medical Reseaxrch
Laboxatories, Ministry of Health,'Naifobi)

Kenya) .

Erlangia cordifolia matetial and a cordifene solutlonv.b

both prepared as in Sectlon 3 15 3



3.3.3  EXPERIMENTAL PROCEDURE:

The diaphragm of a white adult rat weighing
about 250 gm. was - 1solated together with the. phrenic

nerye,' During the isolatlon the diaphragm was kept '

- allve by constant bathing in Kreb's solution.' After.

isolation, the muscle'with its nerve was connected.
to the kymograph electrode and this whole combina—~
tion. was- then inserted in the. organ bath which had -
:been equilibrated at: 37°%. The oxygen—carbon dio-

xide gas mixture Was allowed to flon throughfthe &
organ bath at a steady rate of about two'litres-per
minute ana when the nerve-muscle combination;was’

deemed to have equilibrated at thelconStantltempera_

ture the_end of the phrenio nerve farthest away from

‘the muscle was then tied with a piece of thin cotton

'thread and connected'to~the-recording'1eVer. The'
stimulator electrodes were'then“connected'to-the
apparatus following the instructions given by the
manufacturers on the Operation of the Electronlc
Sqguare Wave Stimulator, H.-44. 1 - 10 Volts was
chosen as the rangefof Amplitude variation. |

The electric current was then switched on and

muscular jerks allowed to equilibrate. The kymograph

was then fixed in position and the impulse time recor-

'ding system fixed (Flg. 19).

Recordlng was then commenced startlng first

with the recordlngs of muSCular contractlons of the

dlaphragm in yure Kreb S solution and these recordings




were continued until almost frictionless and constant

values were achieved on the recorder before any

.Erlanggg'cordifolia‘exfract'could;be~added to the
Kreb's solution bathing the muscle.

Exlangia cordifolia material was administered

into the organ bath at constantly increasing doses
Startihg with one ml, of the extract and increasing
the amount during the next addition by one ml. at a
time. Rinsing ofrthe muscle with thermally-regulated
Kreb's solution in between addition of the extract
solution was strictly observed. After rinsing the
muscle, the temperatﬁre of the bathing solution was
allowed to equilibrate at 37% before the apparatus

was switched on' again and the procedure repeated -
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this time with a higher dose of the Erlangia cordifolia

material.:

The experiment was‘repeéted using the solutions
of cordifene. The experiment was again repeated
using a Kreb's solution which was modified by noﬂ-
addition of Cacl2 during its preparation so as to

deny the muscle Ca2+

. The smoked paper tracings
were fixed on the paper using a 1l:1 solution of

benzene and xylene.

3.3.4 RESULTS:

Kymographic tracings of the contraction of
skeletal muscle bathed in. normal Kreb's solution

and in Kreb's solution modified by:-




a) 'Erlanqia'cordifolia crude'material iSushown=
in Fig.. 20, '

b) Cordifehe'eolution ie shown'in Fig. 21;.

¢) Tack of -CacT 4n the Rreb's'solution.is
shown in Eig. 22, |

_Fromlthe3tracings It can be seen that the

Erlangla cordlfolla material 1ncreased the amplltudee

of the contractions of ‘the skeletal muscle as 1ong
.as Ca2+ were present in the bathing solutlonf ;Cordi-
fene had a similar effect. The increased amplitude

of contractions was also maintained;for a long time.

©3.4  CONCLUSION ON KYMOGRAPHIC STUDIES ON MUSCLE -

CONTRACTION:

The results obtained throﬁgh kymographic studies
show unequlvocably that there is a blochemlcal basis

on the modlflcatlon of the contractlte act1V1ty of

muscle that can be’ accredlted to Erlangia'cprdlfolie.
meterial as used by_the-traditional'ﬁedrcal preeti?
htioners'in the Gikuyuland in Kenya. - |

_In-the threeftypes.ef'muSCle.used to test the

effect of Erlangia cordifolia mater;elron'the con-

tractiiity of muscle, augmentation’ef cohtrections_ \F
ras observed. .Theleffect'of the material,could not'
be ertéfeetual as e result of.volume or.temperetﬁre-
chenges in the bathing solutidh'duringttheICOurSe1of..
' the exéeriments because the bethihé solﬁtion’s tempé;¢-
- rature was thermostatlcally regulated and the small

volumes of either crude extract solution or cordifene i




solution used were far too small compared with the

- bathing solution's volume to cause any appreciable :

changes in the overall volume of the bathing solu— 

tion or its temperature. |
It is difficult to Say whether the appreciably

large amounts of Ca2+ found in the crude extract of

Erlangia cordifolia contributes markedly to the con-

tractile process. A simple test with eriochrome T

had shown that this element occured in thé plant in;
the ionic form. But considering the small amounts of
Erlangia cordifolia material used in these experiments,

2 -
and considering that the optimal concentration of Ca

reqﬁired for contraction - and when a small decrease
in the available Ca2+'would not affect the contractile
activity - is 2 x 10“2 Molar (21), then one nmust
conclude that the Ca2+'contribution of the material-
is negligihlé‘for thé purposes of muscle contractién.
~Another conclusion that can be drawn is that Exrlangia
cordifolia material does not have any effect on a

contractile muscle system which is devoid of any ca®t.
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Fig. 20:

Effect of crude E. cordifolia extract on the contraction

of skeletal muscle of a rat diaphragm.
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Fig. 21: Effect of cordifene on the contraction of skeletal

muscle of a rat diaphragnm.
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Fig. 22: Effect of crude E. cordifolia extract on the contraction

of skeletal muscle of a rat diaphragm bathed in Kreb's

solution which had no calcium ions.
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CHAPTER 4

INVESTi’GATI'ON’ OF PO’S'S:IBLE BIOCHEMICAL INTERACTION

* IN BETWEEN ERTANGIA CORDIFOLIA' MATERTAL AND MOLECULES -

WITHIN THE NERVOUS SYSTEM:.

4,1 COMPARISON OF.ERLANGIA CORDIFOLIA- EX'I'RACT WITH

- CHEMICAL, MEDTATORS WITHIN THE NERVOUS SYSTEM:

‘441.1  INTRODUCTION

There is a_piactical aspect related to £he
screening of new compounds of phafmacologicallinterest_
that is provided by the mechanistic or thebretical"
éide of pharﬁacology. This ié>SO becauéé deduétion
that may be made from comparing the acti?ity of-a
" new compound with those of known compoundskmay have -
‘immediaﬁe.consequences-for the experimenter. Such_-
dédugtions which éould be obtained by comparing a- '
ﬁpharmacologicalAprofile" of a neW substance With
those of known compounds may'profide a plaﬁ for the
next phasé of experiméntation on_thé.mechanism~of
action of: the substance.

In the case of Erlangia cordifalia extract,_‘

increased tone and contraction in muécle had been.




established by physiological experiments on. both
'smooth'and striated muscles.  The increased activity

" could be due to the increased rate of.depolarization
of«the neuromuscuiar junction due to the stimulation':i
of the nervous system (Pig.. 23) supplylng such a
Junction. The consequences of alteratlon of the
nature of nervous supply to a muscle canh be seen frcml
the fact that when a nerVe‘which ncrmally-innervates'
a white striated muscle is trahsplanted to abred,
'striated muscle, the red musclevstarts to behave like
a white striated muscle (22). The action of the
extract could also.be histamine-like, meaning that

it stimuiates the muscle cell directly (23). Elimina-
ting one cr the other of these two mechanisms cculd |
establish the next line of inVestigation to be
followed.

In the autonomlc system a. substrate can promote
act1v1ty through one oxr more: of a number of mechanisms.
These are' (23):= . »

« Le Promotion  of the release of the transmitter
substances, _
2. 'Augmentation'of,the sensitivity of the-.
.receptor sitey »
' 3. -Preyention of the transformation of the
- transmitter substance, |
4., Imitation of the transmitter substance whlch
means that it must be recognlzed by the

binding sites of the transmitter substance,




67

5. Promotion of the depolarizaﬁion of the
receptor site.

In oxder then that the author could confirm or
refute a possible mechanism of action of Erlangia
- cordifolia material mediated through the autonomic
nervoué system, it was important to compare its
activity with that of a number of known compounds
that have effects on the autonomic system through
one of the above mechanisms.

As Fig. 23 shows, the effect of a substance is
mediated through a synapse. The first synapse in
the periphérai autonomic system is the gahglia.
Nicotine is the classic stimulant of the autonomic
ganglia where in small doses, it will produce a
temporary increase in the sensitivity of the ganglion
cells. It achieves this by the depolarization of‘the'
receptor. site (23). Another éubstance which has |
similar effect on ganglia is dimethylphenylpiperazi-
nium whose mechanisms of action may probably be the
augmentation of the sensitivity of the receptor: The
respective mechanisms Pf these two compounds are
found to occuixr in all beripheral autonomic ganglia.

In the parasympathetic system, the end~organ
synapse has got acetylcholine as the transmitter.
So, a compound that can stimulate an organ thxrough
an activity at the terminal synapse must have a
muscarinic effect, that is, must stimulate the organ
in the same way thatzacetylcholihe does. Example of

compounds that behéve in this way are neostigmine




'and carbamyltcholine (carbaChol); These two prevent
the transformation of acetylcholine and'by so doing

prolong the life of the transmitter substance and

logic substance which acts at tne:end organ in tne
parasympathetic system by pronoting the sensitivity
~of the>ena—plate.  Hexamethonium is-a;ganglion~bloc¥
king agent in all autonomic nervous systems. Atropine,
on the other hand, lS a parasympathetlc substance |
Whlch affects the endorgans in the autonomic. nervous

flow. These last two substancesureduce the sen31t1-

7 variatlon of the dose of Erlangla cordlfolla extract

would remove the blockage caused by these agents was .-
1nvest1gated because this wouldlhave establlshed an
augmentaticn of the sensitivity of the receptor- -sites.

Adrenaline is known to cause relaxation of the

non-pregnant cat uterus (24). For this reason, since’

adrenaline and nor-adrenaline are the terminal trans-

deemed necessary to 1nvestlgate p0351b1e effects of

Erlangla cordlfolla materlal on the sympathetlc

~system‘s termlnal synapSe.' In addltion,'although

on the uterus, the effect of known sympathomimetic
substances is so generalized tnat they have beeni

~ described as the.substances'that cause the "fight or
flight" syndrome - a clinical effect that the author

could not elicit the description of from any‘of'the

hence its activity. Pilocarpine is another pharmaco-s.

4mitters of the sympathetic-autonomic system, it was not

ity of the teceptor cells. An attempt to see whether

the effect of sympathomlmetics is easily demonstrated .
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traditional medical practitioners that have used

Erlangia cordifolia material that he investigated. .

Ergometrine and ergotamine - alkaloids extracted

from ergot or Secale cornutum (Ergot is a product of -

the fungus Claviceps purpurea) - have got activity in
the plain muscles of the uterus and blood vessels but
hardly any effect in the other viscera (25). Although

Erlangia cordifolia material exhibited physiological

effects similar to those of the exrgot alkaloids, it
‘however did exhibit properties like influence on
skeletal and intestinal muscle contractions - proper-
ties that the ergot alkaloids do not exhibit. Although
exrgot alkaloids block adrenexrgic receptors, their main
pharmacological effects do not depend on this action
(25) . These observations made any comparison of acti-

vity in between ergot alkaloids and the Erlangia cordi-

folia extract fruitless and as such it was not carried
out.

To summarize then, the:substances whose pharmaco-
logical activities were compared to that of Erlangia
‘cordifolia extract were nicotine hydrogen tartarate,
l, 1 - Dimethyl - 4 - Phenyl piperézinium iodide
(DMPP) , néostigmine methylsulphate, carbamyl choline
(carbachol) and pilocarpine,hydrochloride. " Erlangia

cordifolia's possible antagonistic action against

the effects of hexamethonium bromide and atropine

sulphate were also investigated.
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4.1.2 MATERIALS ' AND APPARATUS:

Nicotine hydrogen tartarate (BDH chemicals Ltd.,
Poole, England). '
Pilocarpine hydrochloride (BDH chemicals Ltd.,
Poole, England).
Carbachol (May & Baker Ltd., Dagenham, England).
DMPP (1, 1 - Dimethyl-4-Phenyl Piperazinium iodide,
K & K Laboratory, Plainview, N.Y., U.S.A.).
Neostigmine methYlsuiphate (Roche Products Lta.,
Welwyn Garden City, England).
Atropine sulphate (Sigma chemicals, St. Louis,
Missouri, U.S.A.).
Hexamethonium bromide (Sigma chemicals, St. Louis,
Missouri, U.S.A.). |
The solutions of these substances were made up
as follows with distilled water:- .
1. Nicotine (1 mg/ml)
2. Pilocarpine (4% solution)
- 3. Carbachol (1 mg/ml)
4, DMPP (10 nanograms/ml)
5 Neostigmine (0.5 mg/ml)
6. Atropine (0.5 mg/ml)
7. Hexamethonium (1 mg/mi).
The other materials and the apparatus. used were

as described in Section: 3.2

4.1.3 ' EXPERIMENTAT; PROCEDURE:

These experiments were carried out as described
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in Section 3.2.. The intestinal strip was allowed to
contract in unmodified Tyrode solution and when the
contractions were 3judged ﬁo be constant a'steadily
increasing dose of the known drug was added to the
bathing solution, always starting with 0.1 ml until
a good modification of peristalsis was observed.
Once these good contractions had been recorded for
three or so minutes uninterrupted, the solution of

" BErlangia cordifolia extract was then added in steadily

increasing doses to the-bathing solution containing
the known drug. The additions of the extract were
again always commenced with a dose of O.l‘ml of 1
mg/ml solution of the crystalline extract. This pro-
cess, as described here, was carrxied out-in the

first series of experiments. In the second series

of the experiments it was the Erlangia cordifolia

extract solution which was added to the béthing solu-
tion first followed by the known drug, the addition
of the two substances again being made in-a étep—
wise fashion as described for the first series of

experiments.
4,1.4 ~ RESULTS:

Figs. 24, 25, 26, 27, 28 and Figs. 29 -and 30
show the tracings obtained of the peristalses of an
intestinal strip in the bathing solution modified as
described in the legends accqmpanying the figures,.
The stimulation of contraction by the known substanc-

es was not fundamentally altered by Erxlangia cordifolia




material suggesting that the known and the unknown
substances acted through differing mechanisms on

the contractile process. Erxlangia cordifolia materi-

al failed completely to remove the nervous trans-—

mission block of hexamethonium and also that‘of

atropine.

4,2 INVESTIGATION OF POSSIBLE IN VITRO ACTIVITY

" OF ERLANGIA CORDIFOLIA MATERIAL ON THE CHOLINE~

STERASE ENZYMES .

4.2.,1 INTRODUCTION:

Investigation on possible in vivo activity of

the Erlangia cordifolia material on  the autonomic

proximal ganglia (where the chemical mediatoxr of the
nervous impulse is known to be acetylcholine) had
shown that the material did not affect the contractile.
process at this point. The material did not seem to
affect the chemical mediation of the acetylcholine -
mediatéd neuromuscular junctions. In muscle, acetyl-
choline is hydrolysed by the cholinesterase enzymes.
It was therefore important to investigate as to
whether the material had any effect on these enzymes
that would lead to decreased activity of the enzymes
and therefore a prolonged 1ife.for the chemical
mediator. A prolonged life of acetylcholine within
‘the muscle would lead to prolonged depolarization of

the sarcoplasmic reticulum of the muscle cell and this

12
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would, in turn, 1ead to prolonged muscular activity
and delayed relaxation of the muscle. This would be
of importance especially in the uterus where it is
known that retraction occurs during labour - which
means that by the end of the relaxation phase of this
muscle's contractile mechanism some amount of contra-
ction is left intact in the muscle.

In the following experiments, plasma cholineste-
rase activity (with the possibility of an effect on

this activity by Erlangia cordifolia material) was

measured by using acetylthiocholine as the substrate
and the rate-of production: of acetic acid from this
substrate as a measure of the rate of enzyme action.

This is the procedure of Ellman et al. (26, 27).

4.2.2 REVIEW OF LITERATURE:

Thefe are two divergent views cdhcerning the
role of acetylcholine in nervous function. The more
widely held view holds that acetylcholine functions
as a neurohumoral transmitter and only in certain
types of nerves. Nachmansohn (28,and 29), on the
other hand, has a body of evidence which supports the
view that acetylcholine acts as an intracellular agent
in both the transmission and the conduction and in
all kinds of nerves. If, in deed, acetylcholine has
such a wide implication in nervous mechanisms, then
its rate of destruction in the body has great funda-
mental importance and implicatibns for muscular con-

traction.
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It is known that mammals possess both acetyl-
cholinesterase and butyrylcholinesterase in the
blood and all known anticholinesterases are capable
of inhibiting both types of cholinesterase although
some have a much higher affinity for one type than
for the other (30). Both types of cholinesterase
found in mammals hydrolyse choline esters far more
rapidly than other esters at low substraté concen-
trations (31). This then means that in oxder to
investigate fuliy the molecular basis of action of
a substance that increases muscular contractility
and tension, it is neéessary to investigate the
possibility of the substance havinl some anticholine-
sterase activity.

Since cordifene, one of the Erlangia cordifolia

material constituents, is an ester, a competitive
type of inhibition where cordifene would comp ete
against acetylcholine for the bindiné sites of the
enzyme was thought to be woxthy of further investiga-
tion.

The'consequences of inhibition of acetylcholine-
sterase are a potentiation of the effects of injected
acetylcholine (which mimics nerve stimulation) and
of nerve stimulation, and the spontaneous changes in
the functional state of the effector cell which results
from an accumulation of endogenous acetylcholine (30).
Acetylcholine of non-nervous origin ié found in the
intestine among some other organs and the inhibition

of butyrylcholinesterase which is found in this Organ




leads to an increase in the tone and motility of
the intestine (30).

Butyryicholinesterase is predominantly found in
blood plasma and it is conceivable that competitive
inhibition of hydrolysis of acetylcholine will lead
to potentiation of acetylcholine. Another.mechanism
by which acetylcholine could be potentiated by
cordifene is by inactivating the enzyme. This is
feasible from the fact that the =-methylene-y-lactone
grouping is well known as an enzyme-alkylating agent
"(32,. 33) and alkylation of the enzyme may result in

a reduction of its activity.

4,2.3 MATERIALS AND APPARATUS:

S.P. 1800 UV. Spectrophotoﬁeter (Pye Unicam Ltd.,
Cambridge, England).

Spectronic 20 Spectrophoﬁometer (Bausch & Lomb,
Rochester, N.Y. U.S.A.). |

Minox Centrifuge (Minor-Centfifuge Serial No. AA 834,
Measuring énd Scientific Equipment Ltd.,
London, England) .

DTNB - 5 - 5' Dithiobis - (2 - Nitrobenzoic acid)

- also known as Ellman's reagent. (BDH, Poole, -

England) .
Albino rats (supplied by the Me@ical Research Labo~-
~ratories, Ministry of Health, Naifobi, Kenya) .
0.2 M Phosphate buffer, pH 8.
Doubly de-ionized water.

In the preparation of the solutions for this
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experiment, doubly de-ionized water'was used. Doubly
de-ionized water was also used throughout the experi-
mental procedure.

A:solution of 0.0l M DTNB was prepared by dis-
solving 19.80 mg. of DTNB in 0.2 M phosphate buffer
PH 7.2 and making up the final volume to 5 ml. A
solution of 0.2 M acetylthiocholine was made up by

disolving 250 mg. of acetylthiocholine in water and

the final volume'being made up to 5 ml.

A sample of a blood serum was obtained by kil-
ling an adult rat on. the day of the experiment,
Blood was collected in a centrifuge tube and after
allowing it to clot, the clotted blood was then cen-
trifuged at 1000 rpm for 10 minutes and the resulting
serum- supernatant collected and diluted with an équal
volume of the phosphate buffer. |

1% Acetylcholine bromide sqlution (BDH, Poole,

England) .

4.2.4 EXPERIMENTAL PROCEDURE:

The procedure waé based on that of Ellman and

his colleagues (27). Four spectronic 20 tubes were

thoroughly cleaned with tap water and rinsed with

the doubly de-ionized water and then allowed to dry
inlair. Three of the tubes were used as the standards
while the fourth was used for the Test. The whole
procedure was carried out at room temperature.
Reagents were added into the tubes as shown in

the table below:-




(AR

" Reagent * Standards " Test -
I IT -IIT

Phosphate ?

buffer 1,50 ml. 1.50 ml- IQSOOmi- 1.50 ml.
Water ‘ 0.80 ml. 0.80 ml. 0.80 ml 0,80 ml.
Serum 10 il 10 nl 10 ul
Acetylthio-

choline 100 ul 100 ul 100 ul
DTNB 100 pl 100 ul 100 ul 100 pl
Erlangia

cordifolia

extract 100 ul 100 pl 100 ul
(or cordifene) (75 ul.) (75ul.) (75ul.)

The micropipette used‘for the last addition into
the tube was used for mixing up the contents rapidly
while the specfrophotometer tube was in place. The
wavelength used for the readings was 412 nanometers.
The enzyme solution was always added lastly in the
tube where appligable and in standard III where this
did not apply the acetylthiocholine solution was the
last addition. On making the last addition, the
whole mixture was quickly stirred by blowing rapidly
through the micropipette for about two seconds, and
the reading at the énd of the stirring taken as the
zero time reading. Optical density readings were
taken until there was no more change in the reading
for at?least five minutes.

The experiment was repeated using cordifene dis-
solved in 70% methanol. The concentration of the

cordifene solution was 2 mg/ml.
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On making up standard III, increased light
absoxrption was observed on the addition of Exlangia
cordifolia material or coxdifene., Therefore, to
ascertain a poésible reaction in between cordifene
and acetylthiocholine, the effect of U.V. absorption
of acetylthiocholine by cordifene was tested. A U.V.
spectrum in the far U.V. range was obtained using an
SP 1800 UV. spectrophotometer. (Fig. 31). (See the

legends accompanying the Figure).
4.2.5 ' RESULTS:

Table I shows results of measurement of light
absorption due to the development of yellow colour
following a reaction in between the thiol (-SH)
group detector, DTNB,and the thiol groups obtained
from the hydrolysis of acetylthiocholine. Standard
I measures the hydrolysis of serum's intrinsic thiol
groups and standard 2 the hydrolysis of serum's in-
trinsic thiol groups in addition to the thiol groups
from the hydrolysis of acetylthiocholine. Standard
3 measures the release of thiol groups in the absence
of the enzyme and therefore the Test measures the:
effect of crude Exlangia material or of cordifene on
the serum acetylcholinesteraée enzymes.

Table 2 shows the optical density increases with

time for standard 2 and the Test reaction media.

Crude E.cordifolia material afforded similar

results.
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4.2.6  CONCLUSION::

From Table 2; it can be seen that the increase
in optical density in the two reaction media are
comparable suggesting that the activity of the en-
zyme in the presence or absence of cordifene is the
same. This then means that the instantaneous intense
colour development observed in both Standard 3 and
the Test reaction media (Table 1) is due to a reac-
tion in between cordifene and acetylthiocholine, as
confirmed by the reﬁults shown on Fig. 31, and it
cannot be due to a reaction in between DTNB and cor-
difene as such an instantaneous intense colour deve-
lopment was not observed in Standard 1 where both
cordifene and DTNB had been added.

The fact that the hydrolysis of acetylthiocholine
is the same in the presence and absence of cordifene
shows that cordifene has no cofactor nor inhibitory
activity on the acetylcholinesterase enzymes. The
fact that the shape of the contraction wave facili-
tated by cordifene (see Fig. 18) is different from
that caused by any of the known anticholinesterase
drugs suggests also that cordifene has no direct
effect on the true acety;cholinesterase nor on the

butyrylcholinesterase enzymes.
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4,2,7 ' CONCLUSION ON THE INVESTIGATION OF POSSIBLE

* BIOCHEMICAL INTERACTION IN BETWEEN ERLANGIA

" CORDIFOIIA AND MOLECULES WITHIN THE NERVOUS

" SYSTEM:

'Atteﬁpts to simulate the peripheral nervous

system activity of pharmacologically active dompounds

showed that the activity of Eflaqgiaﬁcbrdifolia mate-
rial could not be attributed to the stimulation of

the nervous system. Equally the author's investiga-
tion into possible anticholinesterase activity by

5Er1angia cordifolia material showed that Erlangia

' 'cordifolia material had no anticholinesterase activity.
The material was not found to contain aﬁy chemical
~compound that bound acetylcholine and as such its
activity could not be attributed to possible binding
to acetylcholine itself and cpnsequently stimulating
acetquholine activity. -

The experiments showed conclusively that

Erlangia cordifolia did not have any activity on the

peripheral nervous system and as such its mechanism

for the stimulation of the contractile activity of
“muscle had to be located beyond the nerve supplying

thé muscle and therefore within the muscle cell

itself. This then meant that the activity of Erlangia
“COtdifolia resembled those ofthistamine and serotonin
in the sense that these two compounds act on the muscle

cell directly to cause their stimulation on it (23).
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system.
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Fig. 24: The effect of E. cordifolia extract and

Nicotine on the peristaltic activity of a guinea

pPig ileum.
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Fig. 25: Effect of E. cordifolia extract and pilo-

carpine on the peristaltic activity of a

guinea pig ileum.
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Fig. 28: The effect of neostigmine and

ifolia extract on the

peristaltic activity of a guinea

pig ileum.,
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Fig, 31:

In the test sample, 2.5 ml. of 100
ug/ml acetylthiocholine in methanol
(analytical grade) were added into a

1l cm. silica cuvette and a similar
volume of methanol was added into

the reference cuvette. An U.V. spect—
ral scan was then carried out at room
temperature and the proc edure was
repeated after the addition of 10 ul
of a cordifene methanol solution (660

Ug of cordifene/ml) into both cuvettes.
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UV. SPECTRUM OF THE EFFECT OF
ACETYLTHIOCHOLINE CORDIFENE ON THE UV.
IN METHANOL ABSORPTION OF
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'CHA-PTER _5:

5.1 EFFECT OF CORDIFENE ON THE TRANSLOCATION OF

ca®" BY MYOFIBRILS

B INTRODUCTION 3

That calcium ions are requifed in the process of
muscle contraction is now a well established fact.
An investigation on the biochemical basis of an
observed effect on muscle.contraction must therefore,
of necessity, take into account a possible role on
Ca2+‘translocation by the agent causing the obsexrved
effect on muscle contraction. A series of experiments
were therefore conducted with the view of investiga-

ting this kind of role for cordifene on muscle con-

traction.

5.1.2 LITERATURE REVIEW

90

Although the role of Ca2+ in the troponin ~ tropo- -

myosin system in the activation of the thin filament
seems to be well understood now, there are other
observed effects on the contractile system that do not

seem to be explicable on the basis of Ca2+ activity on
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the troponinwtropdmyoéin_system.

Endo (34) condluded that greater tension -
prbducing ability in myofibrils at longer length
(that is, stre tched fibres) with low Ca2+ must be
a real property of the contractilezsystem and is
not facilitated by the sarcoplasmic reticulum. He
also observed that the rate of tension development
after a sudden iﬁcrease in calcium ion concentration:
in the medium was very much dependent on the level
of free calcium ion and that a stretched fibre
developed tension faster than a slack fibre. This
has also been observed by Julian (35) using fibres
whose sarcoplasmic reticulum function had already
been destroyed with a detergent. Little is known at
pfesent about the mechanism of stretch-induced in-
crease in activation of the contractile system by
caicium but it appears very unlikely that the amount
of calcium bound to troponin increases with stretch.

| Sugden. and Nihei (36) have shown thatlboth

2%

Ca2+ and Mg can bind tightly to myosin, but that

2+

only the binding of Mg®' shows a direct influence

on the enzymic activity. They also sﬁggested that

since in the presence of ca?t ITPase and pMB -

modified myosin ATPase become liable to the effect
2

of Mg“" ‘thenithe tight binding'of'ca2+ is 'indirectly'

involved in the activation of the enzyme so that

when the 'site for this tight binding of ca®t is

o+

occupied by’Mg2 the activation does not occur.




g

Daniel and Hartshorne (37) located sulphydryl
groups. that.afe.essentia1 for ca* sensitivity on
the heavy chains of the myosin molecule and also
found that the inhibition of ATPase activity by
troponin B or troponin B plus tropomyosin was also
removed under conditions similar to those ﬁhich
eliminated'Ca2+'sensitivity. For several years it
has been known that sulphydryl reagents can remove
the Ca2+'sensitive response of natural actomyosin
(38) and this effect has been shown through increased
ATPase and superprecipitation activities by such

reagents.

Sali3 MATERIALS AND APPARATUS:

The back skeletal muscles of New Zealand albino
rabbits were used as the source of the myofibrils.
The isolation procedure was as described in Hawk's

Physiological Chemistry (39).

Radio-active calcium chloride (4SCéC12) - pur-
chased from Radio-chemical centre, Amersham, England.
Scintillating mixture was made up as follows:-—
2.5 - diphenyl-oxazole (PPO) 9 gm; 1,4-bis-2~(4-methyl~
5-phenyl oxazolyi) benzene (POPOP) 0.6 gm; efhanol
- 300 ml; redistilled toluene to.make up the volume
to 1000 mls.

2804’

12 mM Na2$O4, 20 mM Tris- 20 mM Maleate-~ NaOH pH 6.8,

Relaxing solution., This contained 21.5 mM K

4 mM ATP, 4 mM MgSO4, 4 mM EGTA and 93 mM sucrose.

0.4 mM EGTA stock solution.




Packard Tri*carb Liguid Scintillating Spectro-
photometer_Modei 3320 (Packard Instrument Interna-
tional S.A; Ltd., Downers Grove, Ill.;-U.S.A.).

The reactioh medium consisted of relaxing medium,

4SCaC12 - which means that the free 45C32+'

0.07mM
concentration was always slightly less than 5 uM

(40) , and 157ng. myofibrillar protein per ml.

5.1.4 " METHOD:

The reaction medium.consisfed of 7 ml, of 157
ﬁg. per ml; myofibril protein: To this medium a
calculated amount of cordifene in 70% methanol was
adéed to ensure a cordifene cOnéentration of 2 ﬁg.

per ml. A calculated amount of labelled calcium

45

chloride  ("7"CaCl) - EGTA buffer was then added to

make the concentration of free_4SCa2+ 55ﬁM (calcula-
tion of Ca - EGTA equilibrium was carried out by the
method of Tonomura et ‘al. (40)). The reaction was
then allowed to proceed for a period of five minutes
before the protein was filtered through a millipore
filter (pore size (¢) =.6.45 mﬂ) éided by sunction.
The supernatant contained 1abeiled calcium which
failed to translocate into‘:the;protein. 0.l ml. of
qupernatant was inoculated into 10 ml. of scintilla-
ting mixture in‘a glass counting vial. The filter
paper containing the filtered protein was injectéd |
into another counting vial containing 10 ml. of

Scintillating mixture. This procedure. was repeated

using the protein mixture into which no cordifene




had been added. The counting was carried out
using the Packard Tri-carb Liquid scintillating

!

spectrophotometer model: 3320,
5.1.5 RESULTS:

‘Table 3 shows the amount of label bound by the
myofibril protein in the presence of and in the
absence of cordifene. The presence of cordifene

teduced the binding of calcium by almost a half.
5.1.6 CONCLUSION:

Cordifene does not facilitate the translocation
of calcium from the cytoplasm into the contractile

system of muscle.

5.2 EFFECT OF CRUDE ERLANGIA CORDIFOLIA EXTRACT AND

OF CORRIFENE ON MYOFIBRILLAR ADENOSINE TRI-

PHOSPHATE (E.C.:3.6.1.3) ENZYME ACTIVITY,.

5.2,1  INTRODUCTION:

It was Szept—Gyorgyi, Straub and their colleagues

(9, 10) who clafified the effects of ATP on the con-
tractile proteins. Chaplain in oxford (15) found
that when he incubated glycerinated muscle fibre
bundles for a short time in a relaxing medium and

then transferred such fibres from a relaxing to an
activating solﬁtion, there wasAa sudden burst of

high enzymic activity which then decayed to a steady

- state level as the tension rose.

94
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The author had already observed an increase in
tension followed by increased peristaltic activity

on the addition of Erlangia cordifolia extract into

the Tyrode solution bathing an active intestinal
strip. It was therefore important to investigate
the effects, if any, of the extract on myofibrillar

ATPase activity.

5.2.2 LITERATURE REVIEW:

Many compounds have been reported in literature
as being capable of influencing myosin ATPase acti-~
vity (41). ThereAare different mechanisms proposed
by means of which these agents are bélieved to bring
about changes in the enzyme activity.

Ebashi et al. (42) have proposed a mechanism by
means of which such activation of myosin ATPase could
come about. They proposed that the activation of
this enzyme in 0.6 M KCl is related to magnesium
chelating ability of the reagents within a group of
EDTA analogues. This is so because Offer (43) has
shown that Mg2+'is firmly bound to myosin where it
appeérs'to exert an inhibitory influence.

The activation of Ca’' ATPase has been shown to
be brought about by several agents which include
urea, guanine-HCl, ethanol and ethylene glycol (20).
All these compounds are believed to influence the
hydrogen and the hydrophobic bonds of the enzyme

protein and Barany et ‘al.. (20) have proposed that




sodium dodecylsulphate should be included in this
list. By affecting the hydrogen and the hydrophobic
bonding of a molecule, these compounds can bring
about a conformational change in the molecule. LiBr
and KCl; on the other hand,; are believed to bring
about a conformational change in the myosin ATPase
molecule by affecting the electrostatic bonds in
the molecule (20).

The idea of a conformational change is made even
more plausible by the work of Sekine and Kielley
(44) who blocked one sulphydryl group of myosin ATPase
wiﬁh‘N-ethylmaleimide (NEM) and by so doing increased
the enzyme's activity. They concluded that the acti-
vation of myosin ATPase by NEM is caused by confor-
mational changes brought about by the reaction in
between myosin and the NEM. Barany et al. (20) found
. that when thefcyéteine residues of myosin are expdsed
by the action of urea on the protein, iodoacetate
reacted with their sulphydryl groups without affec-
ting the ATPase activity. On the other hand, iodo-
acetamide reacted with sulphydryl groups and in the
procesé reduced the activity of the enzyme. This
finding lends strong support to the idea that a huge
conformational change can bring about changes in the
activity of myosin ATPase.

In view of the fact that a-methylene-y-lactone
compounds have been shown to alkylate sulphydryl
groups and thefeby bring changes in the activity of

biologically active compounds (45).ana since one of

96
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the constituents of ' Erxrlangia cordifolia material -

cordifene = is such a compound, the possibility of

" Erlangia cordifolia material having a direct effect

on the myosin ATPase was thought to be distinctly

plausible.

5.2.,3.  MATERIALS AND APPARATUS:

Actomyosins stock solution of actomyosin were
obtained from the red skeletal muscles of guinea pigs
and albino rats using the method o? Perry (46) with
slight modifications. The modifications involved
diluting the 0.5 M RC1l in which the protein was
dissolved to 0,28 M KC1l followed by centrifugation
of the solution at 10,000 rpm for 10 minutes. The
precipitated actomyosin was then homogenized with
0,28 M RC1 and then centrifuged at 10,000 rpm for
10 minutes twice over to separate actomyosin from
myosin. The actomyosin precipitate which came down
at the end of the second centrifugation of the 0.28
M KC1l solution was then homogenized with 0.05 M KC1
so as to dissolve other contaminating proteins and
again centrifuged twice at 10,000 rpm for 10 minutes
each time. The actomyosin precipitate was finally
redissoved in 0.6 M KCl and stored at 4°C until
needed for use.

The concentration of the protein used in this
series of experiments was 2 mg/ml.

Spectronic 20 spectrophotometer (Bausch & Lomb,

Rochester ? N .Ya ? USA. )
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4% sodium bicarbonate (Laboratory reagent grade).

0.1% anhydrous calcium chloride (Laboratory reagent
grade).

5 mM ATP - disodium dihydrogen salt (BDH chemical,
Poole, England).

Erlangia cordifolia material at a concentration of

1l mg.%.

Cordifene at a concentration of 40 mg.% in 70%
meﬁhyl alcohol.

20% Trichloroacetic acid (TCA) (Laboratory reagent
grade, BDH, Poole, England).

Ammonium molybdate (Laboratory reagent grade, BDH,

A Poole, England).

Sodiﬁm sulphite (Analytical reagent, BDH, Poole,
England).

Sodium metabisulphite (Laboratory reagent grade,
BDH, Poole, England).

5N Sulphuric acid (Laboratory reagent grade, May
& Baker Ltd., Dagenham, England).

ANS (1. - amino - 2 - Naphthol - 4 - sulphonic acidg-
(Laboratory reagent grade, BDH, Poole, England).
The reagent was prepared by dissolving 0.25 mg
of ANS and 14.25 mg. NaHSO3 in 45 ml. of distil-
led water and to this solution was added 15 ml.
of 10% sodium suléhite solution. After shaking
thoroughly, the volume was made up to 100 ml.

with distilled water.
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5.2.4 ' EXPERIMENTAL' PROCEDURE::

ATP hydrolysis by myosin ATPase was carried out as
described by Hawk et al. (39) with the exception of
the fact that the myosin was dissolved in 0.6 M KCl.

Three test tubes were thoroughly cleaned with
soap and then rinsed carefully with doubly distilled
water and then dried.

Solutions were added into the three tubes as
shown in the table below in the cold room wherxre a

constant temperature of 4°c was maintained.

Blank " Tested tube 1 " Tested ‘tube 2
NaHCO3 solution NaHCO3 solution NaHCO3 solution
wiwe »w AL . wislacers SN, RODUBRUN - i |11 1IN
CaCl2 solution CaCl2 solution CaCl2 solution
® & & 0 o 0.5 ml e % 8 @ O Ol5 mll e o 0 0o & 0 005 ml
Water..... 1 ml. Water.... 1 ml, Erlangia cordi-

folia extract

IO...'.ODS ml
Actomyosin..0.5 ml. Actomyosin..O.5ml. Actomyosin...O,.5ml.
ATPI...I...GoismlD ATP.ll.lOODhbolsmlﬂ

TCA'II'...OQO.S ml. TCA.I..'..'.ODSmll TCA.'........O.Smli

The enzymic reaction in each test tube was timed
and later stopped with trichloroacetic acid. The times
allowed the enzymic reaction wexe O, 1O minutes,

40 minutes, 50 minutes, 60 minutes up to 120 minutes.
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On addition of trichloroacetic acid, the protein
and the protein nucleotide complexes were precipi-
tated. The filtrate was then removed and a 1 ml.
aliquot of the filtrate taken and into it was added:-

1 ml Ammonium molybdate solution

1 ml sulphuric acid

0.4 ml, ANS,

The volume was then made up to 10 ml. with distil-
led water. This solution was allowed to stand for
thirty minutes (47) at room temperature to allow

for colour development. The colour developed was
measured colorimentrically using a spectronic 20
spectrophotometer at 660 nanometers.

The procedure was repeated using cordifene in

stead of the crude Erlangia cordifolia material,

5.2.5. RESULTS:

Actomyosin samples were found to liberate "intrinsic"
inorganic phosphate which complexed with the ammonium
molybdate to give a colour intensity whose absorbance
was subtracted in every reading obtained fox the
hydrolysis of ATP by actomyosin (See Table 4 Column A)

or by actomyosin in the presence of Erlangia cordifolia

material (See Table 4 Column B) or by actomyosin in the
presence of cordifene (See Table 4 Column C). From
Table 4, it can be seen that hydrolysis of ATP in

the presence of Erlangia cordifolia material is three

times faster than in its absence and Fig. 32 shows

that cordifene, at the concentration used, almost




101

halves the time required for the hydrolysis of ATP.
5.2.,6 CONCLUSTON:

It can be concluded that Erlangia coxrdifolia

material has an activity on the myosin molecule it~
self or on the hydrolytic mechanism of ATP by the

myosin ATPase,

5.3, A EFFECT OF ERLANGIA CORDIFOLIA EXTRACT ON

" THE BINDING OF ADP' TO ' MYOSTIN AND ON ' THE

" MYOSIN--ADP' COMPTLEX .,

5.3.A.1 INTRODUCTION:

One of the mechanisms by which an enzyme's
activity can be increased is by the removal of its
product in cases where the product can combine
with the enzyme protein. That ADP can combine with

adenosine triphosphate and is, as such, a potent

inhibitor of this enzyme is well known. The author
therefore decided to explore the effect of cordifene

and of crude Erlangia cordifolia extract on the

interaction of myosin and ADP.

The experiments performed were of two types.
The first series explored the possibility ofa demon-
strable effect of ADP or cordifene (or crude Erlangia
cordifolia extract) or a combination of both on the
UV absorption of myosin at a UV range where the UV
absorption of the nucleotides is not pronounced (48).

The second series explored the possibility of a




demonstrable effect of cordifene on adenosine di-
phosphate's UV absorption at a UV range where the
absorption of the nucleotide is known to be pro-

nounced.

5.3.A.,2 .  LITERATURE REVIEW:

The fact that hydrolysis of ATP by myosin ATPase

(E.C.3.6.1.3) leads to the formation of ADP and in-

organic phosphate has been not only shown by kinetic
studies (49,50) but also by the decay of ﬁhe_differe—
nce spectra induced on the myosin molecule by ATP
finally the spectrum resembling that induced on the
protein by ADP (8). Sartorelli et al. (51) were
able to separate ADP from a nucleotide chaxcoal ab-
sorption following addition of ATP to myosin and
subsequent precipitation of myosin from the reaction
medium, ‘ _
A widely held view‘is that ADP is a competitive
inhibitor for ATP binding.onto the myosin ATPase
enzyme. Froﬁ this it has therefore been suggested
that ADP inhibits myosin ATPase activity and this
effect has been shown in vitro in the case of pure
myosin by Green et  al. (52), and Nanninga (21).
This view of these workers tends to confirm the view
of Blum and Felauer (16) who proposed that the rate
of ATP hydrolysis is limited by the. release of ADP
from the active site, and that activators of myosin

ATPase effect rate acceleration by promoting the

dissociation of the myosin-ADP complex.
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It is also interesting that in support of this work,
Taylor et al.. (49) have discussed several lines of
evidence which would suggest that the proposition
of Blum and Felauer (16) was. correct. Hotta and
Bowen (53) have also presented evidence that ADP and
phosphate generated by ATP hydrolysis are bound to
myofibrils. Trentham et al. (54) have shown that
the ADP and phosphate present in the enzyme-product
complex are in rapid equilibrium with free ADP and
phosphate.and therefore rapidly interact with the
‘enzymes such as glyceraldehyde dehydrogenase or
pyruvate kinase. Chaplain (15) found that tension
in glycetwated insect fibrillar muscle appears to
be mainly generated by the build-up of ADP. He also
found that the decrease in the myosin ATPase activi-
ty paralleled by the tension increase was constant
and that this phenomenon waé reversible. Chapiain's
findings support the work of Imamura et al. (55) who
found a. lack of a rapid initial burst release of free
ADP from a myosin-ATP system in the presence of 5mM
MgClzlwhich lead to the inevitéble conclusion that
during the initial burst hydrolysis of ATP by myosin,
the ADP then formed is bound to myosin. And, as
Kiely and Martonosi (11) proposes, the ADP so bound
to the myosin during the rapid initial phase might
contribute to the establishment of the slower steady
rate of ATP hydrolysis - a suggestion that agrees
well with the findings that activators of myosin

'ATPase inhibit the binding of ADP.




104

Having therefore observed in earlier experi-
ments an increase in tension in muscle and an in-
creased myosin ATPase activity, an investigation as
to a possible correlation in between these observa-

tions and inhibition of ADP binding onto myosin by

.....

of fundamental impoxtance.
Compounds with un%%urated lactones have been
found to react with amino groups (56) and as such
the effects of coxrdifene on the UV absorption of
ADP was investigated in an effort to confirm the inte-

raction in between cordifene and ADP,

5.3.A.3 ~ MATERTALS AND METHOD

(a) The effect of ADP and cordifene on UV Light

Absorption of actomyosin

The experiment was carried out with myosin which
had been prepared as described by Perry (46) Qut with
the following modification:-

1. One portion of the protein was dialysed against
0.5 M KC1l containing 1 mM MgCl2 and 0.1 Tris-
HCl (pH 7.7) for three hours so as to partially
remove the nucleotide attached to it.

2, The other portion of the protein was similarly
dialysed for twenty hours instead of three
hours in an attempt to eliminate as much ADP
from the protein as possible.

Spectrophotometric measurements were carried




oﬁt using a Unicam SP 1800 Ultraviolet Spectrophoto-
méter (Pye Unicam Ltd.,“Cambridge, England) connec-~
ted to a Unicam AR 25 Linear.Recorder (Pye Unicam

- Ltd., Cambridge, England) at room temperature (25°y.

ADP (disodium dihydrogen salt) was purchased from
BDH chemicals Ltd., Poole, England. All other
reagents wére laboratory reagent . grade.

Two matched silica cells (1 cm. light=-path
length) were used. One was a\refefeﬁce celljwhile
the other was a test cell. Additions; as shown in-
the 1egend to the Figures (Figs. 33, 34, 35;'36,

37, 38, 39 and 40), were made with glass pipéttes
when the amount to be added was more than 1 ml. or
a micropipette when the amount to be added was less
than one ml.

The scan was started as soon as Pbssible after
mixing the contents of fhevsample cell with a gléss'
rod. This was to ensure minimum nﬁcleotide-altera—
tion by the enzymes in the myosin system. . The scan
was‘repeated after five minutes to see whether any
changes in the UV light absorption would occur with
time. |

The concentration of the protein was determined
- using the Biuret method. A molecular weight of
myosin of 500,000 (57) wasiassumed and was used for

calculating the molar absorption.

(b) Investigation of the possibility of ‘cordifene=-

" ADP complex formation.

: To ascertain the effect of cordifene on the UV
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absorption of ADP and a possible cordifene-ADP
complex formation in‘solution, the experiment as
described in Section 5.3.A above was repeated without
the addition of myosin. The UV absorption spectra

of ADP and those of ADP together Witﬁ different con-
centrations of cordifene were obtained. The addi-
tions of solutions into the guvettes were as shown

on the legends accompanying Figure 43.
5.3.A.4 RESULTS

Table 5 and Table 6 are a summary of the
effects of ADP and cordifene on the UV absorption
- of myosin as shown on Figs.:- 33,34,35,36,37;38,39
and 40. An examinati;n of the Tables show that ADP
and cordifene either singly or in combination cause
an increase in the molar absorption of myosin. The

effect is better appreciated when the absorption at

- 350 nanometers is examined. At this region, the
absorption observed is mainly that of the protein as
the nucleotides and cordifene have minimum absorp--
tion at this wavelength range (48).

A comparison of Fig. 41 and Fig. 42 show that

ADf affect the molar absorption of cordifene and
Fig. 43 show a diminution of the smaller peak of
ADP absorption around 210 nanometres with increasing
concentrations of cordifene. A éomparison of the
molar absorptions of myosin when in the one case only -
cordifene is added to the protein and in the other

when both ADP and cordifene are present (see figs.




35 and 39; 36 ‘and 40): show that ADP decréases the

~absorption of the protein caused by cordifene..
5.3.A.5 'DISCUSSTION:

The.hypochrom;c effact of eerdifene on-UQ ab-
_serption‘of ADP around‘élo nanomeﬁnes indieatesva_
”reaetion in between the  two ceﬁbounds.' This sng—

geste that cordifenetcombines with free-ADPgﬁheteis
released from the myosin heads.

The molar absorptlon of. cordifene-or a complex

of cordifene and ADP is too small to explaln the

observed effects of these two compounds:on the UV

‘absorption ef=ﬁyosin,jEhat'is;'if\it were to be
= assumed nhat there,is no*interaction-in between any.
of these\two eomponnds~(ot their complex) with myosin
‘and that therefore nhe light abserption was.a sum-
mation of the individueilabsorption. This then..
‘means that the two compoundé-singly‘and in éembina~
tlon comblne W1th my051n cau51ng conflguratlonal changes
in the’ protein s tertiary (and probably secondary)
structure_which results in the observedllncreeees
_ in_the;neiaf abserption of myosin‘ |
| A'comparisen,bf the effects of ADP on the molar_ ”
' absorpfien of a eample.of3myeein that.has.beenfdie- -
lysed for enly thnee'hours'with.that 5f a sample of
myosin ﬁhat hae been]eialysed for-twenfy hours shewé
that diaiysis“hdejen effect on_the mYoéin~ADP"compiex;:h
‘The deéay of.the sPectrum of'myosin;ATP complex:te_'

‘that induces by ADP on myosin has demonstrated'thaﬁ
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myosin-ATP absorbs more intensely at 280 nanometres
than does myosin-ADP complex (8). This then ﬁeans

. that the addition of ADP to a system of myosin
solution that is not completely devoid of nucleo-
tides, as is the case with myosin which has been.
dialysed for only three hours,increases the binding
of ADP to myosin‘(54) vis—a—-vis that of ATP whose
concentration is then far much lower compared to
that of ADP. This then would lead to the quenching
of the absorption of the protein at 280 nanometres.
After twenty hours of dialysis, most of the nucleo-
tides have already been removed from the protein and
most of the ATP has already been hydrolysed to ADP.
.The intensity of absorption of the protein is there-
fore far much lower compared to the absorption of the
proteih after only three hours of dialysis. The
addition of ADP to the protein at this stage can
then only increase the intensity of absorption of
the protein.atZBO nanometres.

Tablé‘s and Table 6 show that myosin is still
capable of being modified even after twenty hours
suggesting that the protein is still intact biolo-
gically and has not disintegrated markedly. In view
of the fact that West (48) has argued that a nucleo-
tide bound to actin slows down its rate of disin-
tegration with time, it is probable that a far much
longer time of dialysis is required if my&sin is to
be #idden off its content of nucleotides and faster

disintegration can set in. The lower intensities



109

of absorption observed with the older myosin can be
explained partially, therefore, as caused by a de-
crease in the content of nucleotides in the protein .
and partially as a consequence of disintegration
caused by ageing. The fact that the intensity of
absorption induced by cordifene is less in the older
myosin (compare Fig.: 35 with FigfrBQ’ would teﬁd to
support the wview that some disintegration takes
place with time. |
When the two modifiers are present together in
the myosin solution, the intensity of absorption is
less than when only cordifené is present alone
(compare Fig. 36 with Fig. 35 or Fig. 40 with Fig. 39).
. Taking into account that the two modifiers indivi-
dually induce an increase in the intensity of absorp-
tion of the protein and since the observed intensity
of absorption when both modifiers are present in the
protein solution is not a summation of their indivi-
~dual effects on the intensity of absorption, the
observed results support the view that ADP combines
with cordifene thereby decreasing the concentration
of cordifene in the solution and therefore the in-
tensity of absorption induced by this modifier on

the protein.

8.3« Bs THE EFFECT OF CORDIFENE ON THE ADP INDUCED

RESPIRATION BY RAT LIVER MITOCHONDRIA,

5.3. B.L  INTRODUCTION:

The author's observation that cordifene affected




the UV absorption of ADP around 210 nanometres sug-
gested that cordifene formed a complex with ADP.

To confirm this suggestion, the author decided to
examine the effect of cordifene on the ADP induced
respiration by rat liver mitochondria. If cordife-
ne could prevent respiration of mitochondria witho-
ut affecting the respiratory capability of the pro-
tein, this would add more weight to the suggestion
that éordifene binds ADP and that the disappearance
of»ADP effects on myosin ATPase (E.C.:3.6.1.3) was
not due to increased mitochondrial ATPase activity
and the activities of the other enzymes involved in
ADP metabolism in mitochondria - a situation that
might have accounted for increased dissociation of

the myosin-ADP complex.

5.3.B.2 REVIEW OF LITERATURE:

It is well known that the conditions par excel-
lence for the maximal consumption of oxygen by mité—
chondria are when the external medium bathing the
mitochondria has got an adequate supply of respira-
tory substrate and a high concgptration of both ADP
and inorganié phosphate but a low concentration of .
ATP.. When these conditions are reversed,‘that is,
when the concentration of ATP in the external me-
dium is high while those of ADP and inorganic phos-.

phate are low, then mitochondria only show a very

low respiratory rate. Of the three components that

-
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determine the- rate of respiration and therefore the
rate at which oxygen is consumed, the ADP concen-
tration is the most critical in setting the respira-
tory rate because of the extraordinarily high affi-
nity of the mitochondria for ADP and maximal rates
of respiration occur even when the concentration of

ADP is as low as 0.2 mM (1) .

5.3.B,3 MATERIALS AND METHODS:.

Liver material was obtained from fully grown
albino rats which had been purchased from the Animal
Breeding House of the Public Health Laboratoxies of
the.Ministry of Health in Kenya. These livers were
used as the source of the mitochondria: The isola--
tion procedure for the mitochondria from the liver
material was that of Schneider and Hogeboon (1950)
(57).

ADP (disodium dihydrogen salt) was purchased
from BDH chemicals Ltd., Poole, England. All other
reagents were laboratory reagent grade.

The Respiratory Control Ratio (RCR) of the
mitochondrial prepaxations was determined by the use
of a Clark Oxygen electrode (Yellow Springs Instru-
ment Co. Inc., Yellow Springs, Ohio, U.S.A.) con-
nected to an S.R.G. Sargent Recorder (Yellow Springs
Instrument Co. Inc., Yellow Springs, Ohio, U.S.A.).
The oxygen electrode was covered with a teflon mem-

brane which was obtained from Yellow Springs Instru-




"3 12 |

ment Co. Inc., Yellow Springs, Ohio, U.S.A. All
additieus,as they,were4made are shown.iu.leuendé to
. the figuree and they were ﬁade with miéropipettes
whereuer the volume of fi material to be‘added uae
less than one. cublc centlmeter. A magneticvplea
was' used to keep the reactlon mlxture homogeneous.-
Cord;fene was dissolved 1n-70% methanol addlng_
five miliigrams_of cordifene iu one cubic centiheter
'”of.tue_aleohol solution and thie:sblution was the

source of edrdifene.for all the experiments.
5,3,B.4 RESULTS:

0x1dat10n of succinate by mltochondria is shown -
in Flg.‘44. ReSPiratory control ratio of the m1to~-\
chondria was 6 which.means'that the protein parti-
cles were coupled :

Flg. 45 shows that 60 ul of the cordlfene solu~
tion reduced the amount of oxygen uptake on addltlon
of. 5 ul..of ADP to the respiring mltochondria by a’
factorﬂof two. When  a further 5 ul of ADP solutlon
'was added the mltochondrla contlnued to resplre and
at_the same rate.as the control.’

| t.A‘eimilar trace to that shoun'in Fig. 45 was,

obtained when glutamate was used ae-the'substrate_for
ox1dat10n.

Attempts. to study the st01ch10metry of. the com~

) plexatlon of ADP and cordlfene by ‘this procedure

failed.' The cause of this failure was taken to be

due to the excéssive amount of methanol in the reac-
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tion medium. Methanol is known to cause such dis-
astrous effects on the mitochondrial membranes that

a leakage in the membrane results.
5,3.B.5. CONCLUSION:

The effects of cordifene on the production of

ATP by mitochondria not only shows that cordifene

does not affect the mitochondrial membranes adversely,
it ‘also shows that dordlfens binds ‘or complexes with
some of the ADP added to the system such that the
bound ADP  cannot be phosphorylated to ATP. Its lack
of -adverse effects on the mitochondrial membranes

and the fact that state3 and state 4 respiration
rates in Fig. 44 and Fig. 45 were the same, shows that
cordifene has no effect on the mitochondrial adenosine

triphosphatase.

5.4 EFFECT OF CORDIFENE ON "ACTIVATED" MYOSIN

5441 INTRODUCTION:

Experiments on calcium uptake by muscle. indi-

‘cated that cordifene inhibited.uptake of Ca2+'into
the myofibril. Cordifene has also been shown to
bind ADP. Being an d-methylene-y-lactone compound,
it would bind onto sulphydryl groups'and also to
amino groups. Cordifene has also got two epoxides
on iﬁs Structuré which make it even more active as
an alkylating agenﬁ. These structural’featﬁres-

would confer such reactivity to the compound that it
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can be expected to react very. rapidly with some
residues of a protein like myosin thereby causing
minor or even major morphological changes on the
protein. The following experiments were therefore
carried out to investigate the possibility of mor-
‘phological changes on myosin brought about by a

reaction in between the protein and cordifene.

5.4.2 REVIEW OF LITERATURE:

The modification of the primary, secondary and
tertiary structures of myosin ha&e been found to take
place by several workers using‘different chemical
compounds. Sekine and Kielley (44S_have_shown that
the primary structure of myosin can be modified by
such reagents as N-methylmaleimide (NEM) which binds
onto the sulphydryl groups. |

Rainford et al. (58) have shown that it is un-
likely that the mechanism of activation of myosin |
ATPase by DNP involves a reaction with SH groups or
with any other known group. Levy et al. (59) obser=
ved that, in the presence of M9'2+,‘ high concentra-
tions of DNP inhibit myosin ATPase and that;tﬁisin-
hibition is prevented by ATP, ADP and PPi or tripo-
lyphospﬁate and from these observations they sug-
gested that conformational changes was the basis of
their obsexrvations.

Iﬁ;O.G'M KCl, myosin exists essentially as mono-

disperse protein molecules. Huxley (18) found that
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at an ionic strength of 0.15 M a system of myosin
filaments which was heterogeneous in length was
formed and this'System of filaments had several
morphological features in common with the native
thick filament of the myofibril.

Fumi Morita (8) has observed conformational
changes in heavy meromyosin following hydrolysis of
ATP by the protein.

Conformational changes have also been observed
by Huxley and Brown (60) when actin binds onto
myosin in the formation of rigor complexes.

The structure of cordifene incorporates two
epoxides, a methylene group adjacent to a hydroxyl
group which is close to an epoxide (see Fig. 14).
All these chemical groupings are very reactive and
can conceivably, especially owing to their arrange-
fment on the molecule,; contribute markedly to the |
biological reactivity of the compound. Epoxides are
very reactive because of the ease with which the
highly strained three membered ring can be opened up
and they will undexgo acid-catalyzed and base-cata-

. lyzed reactions 161);

Although little is known about the relation
.between;structure and activity of compounds that are
. unsaturated lactones, their reactivity towards thiols
and amines has been demonstrated and the presence of
. other reactive groups in their.struCture suggests
. that their activity may result from alkylatioﬁ of

- nucleophilic centres in a biological system (56).
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5.4.3 ' MATERIALS ' AND APPARATUS:

Skeletal muscle actomyosin from the back and leg
muscles of guinea pig which had been supplied by
the National Health Laboratories of the Ministry of
Health, Kenya.

Cordifene dissolved in 70% methanol (5 mg/ml).

1% uranyl acetate solution

Carbon-coated grids

1% Ammonium acetate solution

Transmission Electron Microscope (Philips Trans-
mission Electron Microscope, Electronic EM 201,
Philips Scientific and Analytical Equipment, N.V,
Philips, Gloeilampenfabrieken, Eindhoven, Netherlands).

The carbon-coated grids and the solutions of
uranyl acetate and ammonium acetate were kindly
supplied by Professor Benedetti of the Faculty of

Science of the University of Paris. Professor

Benedetti, who happened to be temporarily attached
to the Department of Biochemistry of the University
of Nairobi during an Internatioﬁalcourse on Cell
Organization which had been organized by International
Cell Research Organization of the United Nations in
April of this year, kindly helped the author to
prepare the stained films for viewing and photogra-
phing with the Electron Microscope.

Actomyosin was prepared by the method of Perry as
described in Section 5.2.3 of this work and then fol-

lowing modifications were made to the actomyosin solution
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in 0.6 M KCl. To the actomyosin solution ATP (disodium
dihydrogen salt - obtained from BDH, Pcole, England)
was added to make a final ATP concentration of 270

¥g. per gram protein. The protein solution was then
divided into two halves and to one half, a cordifene
solution in 70% methanol was added so as to make the
final cordifene concentration in the solution 0,56

mg. per gram protein. The cordifene containing
actomyosin solution was then centrifuged and the
supernatant discarded. The precipitate was then

resuspended in 0,6 M KCl solution.

5.4.4 METHOD:

The actomyocsin solutions to be used for making the
film on the grid were, first of all, diluted five
times with 1% ammonium acetate solution. A carbon-
coated grid was then picked with a pair of forceps
and onto the exposed carbon-coated surface of the
grid was applied a drop of the diluted actomyosin
suspension with a fine glass pipette without touching
the grid with the glass tip. The grid was then kept
covered under a watch glass for thirty seconds afterxr
which the excess fluid was withdrawn from it using
a Whatman No. 1 filter paper leaving only enough
fluid on the grid to make a wet film. The grid was
then quickly washed at an angle with 1% agueous
uranyl acetate solution. The film was then dried.

The film, so negatively stained, was then in-

serted into the Electron Microscope viewing chamber
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for viewing and photography.
5.4.5 RESULTS:

Figure 46 is a micrograph of the actomyosin mole-
cules 1in absence of cordifene. Fig, 47 is a micro-
graph of the actomyosin molecules in the presence of
cordifene. Comparison of the two figures shows that
configurational changes occur when actomyosin is reacted

with cordifene.
5.4.6 CONCLUSION:

Cordifene was dissolved in 70% methanol and to
eliminate solvent effects (41) the cordifene treated
actomyosin was centrifuged so as to be redissolved in
0.6 M KC1l, a solution known to maintain myosin es-
sentially in the monomeric state. In addition, the
two solutions werxe equally diluted with ammonium
acetate solution and this ruled out variability in
ionic concentrations in between the two protein
solutions (62) which would have suggested the differ-
ences observed in the films to be due to either
polymerization or depqumerization of myosin fila-
ments., Taking these precautions into account, the most
plausible explanation for the observed shortening of
actomyosin molecules in the presence of cordifene is
the contraction of the skeleton of the protein
molecule probably following ATP hydrolysis. However,

a collaboration of this deduction is required and
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this would only come from the finding of an antidote
to cordifene,; the reaction of which with the contraé-
ted protein molecules would permit the return of the
conformation: of the protein molecules depicted in

Fig. 46.
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Effect of E. cordifolia extract and of cordifene on the

rate of ATP hydrolysis by myofibrillar ATPase (E.C.3.6.
1.3). The assay was carried out as described in sections

5.2.3 and 5.2.4.
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Uv. SPECTRUM OF

DIALYSED MYOSIN
(SHORT DIALYSIS)
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Fig. 33: The reference cuvette contained 10.6mM MgClz,

0.08M KC1l, O.07M Tris-HCl buffer (pH 8). The
test cell contained 80upg of myosin per ml,
10.6mM MgClz, 0.08M KC1l, 0.07M Tris-HCl buffer

(pH 8).




Fig. 344:

EFFECT OF ADP ON

THE UV. SPECTRUM
OF DIALYSED MYOSIN

( SHORT  DIALYSIS )
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The reference cell contained 80 uM ADP, 10.6mM MgClz,
0.08M KC1, 0.07M Tris-HC1 buffer (pH 8). The test cell
contained 80 pg of myosin per ml., 80 uM ADP, 10.6 mM
MgCl,, 0.08M KC1, 0.07M Tris-HC1 buffer (pH 8).
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| EFFECT OF CORDIFENE
ON THE UYV. SPECTRUM

OF DIALYSED MYOSIN
( SHORT  DIALYSIS )
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The reference cell contained 20 uM cordifene, 10.6mM
MgClz, 0.08M KC1, 0.07M Tris-HC1 buffer (pH 8). The
test cell containe@ 80 Hg of myosin per ml., 20 uM
cordifene, 10.6 mM MgCl2, 0.08M KC1, 0.07M Tris-HCl
buffer (pH 8).
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EFFECT OF CORDIFENE

AND ADP ON THE UV:
SPECTRUM OF DIALYSED MYOSIN

( SHORT  DIALYSIS )
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Fig. 36: The reference cell contained 20uM cordifene, 80uM ADP,
10, 6mM MgCl2, 0.08M KC1, 0.07M Tris-HCl buffer (pH 8).
The test cell contained 80ug of myosin per ml., 20uM
cordifene, 80uM ADP, 10.6mM MgCl,, 0.08M KC1, 0.07M
Tris-HC1l buffer (pH 8).
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Uv SPECTRUM OF
MYOSIN

( LONG DIALYSIS )
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Fig. 37: The reference cell contained 10.6mM MgClz, 0.08M KC1,

0.07M Tris-HC1 buffer (pH 8). The test cell contained

80ug of myosin per ml., 10.6mM MgCl,, 0.08M KC1, 0.07M
Tris-HC1 buffer (pH 8).
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EFFECT OF ADP !
ON THE UV. SPECTRUM
OF DIALYSED MYOSIN
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The reference cell contained 80uM ADP, 10.6mM MgClz,
0.08M KC1, 0.07M Tris-HCl1l buffer (pH 8). The test cell

contained 80pug of myosin per ml., 80uM ADP, 10.6mM MgClz,
0.08M KC1, 0.07M Tris-HC1l buffer (pH 8).
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EFFECT OF CORDIFENE

ON THE UV SPECTRUM

OF  MYOSIN
( LONG  DIALYSIS)

3
‘| E 20X10 Mor
W 280 3
140 X10~ Mtm*

E350
A A =00
1 1 1 1 l I3 1 L
280 320 360
WAVELENGTH ~ IN  NANOMETERS ————
FIG.

Fig. 39: The reference cell contained 20uM cordifene, 10.6mM MgClz,
0.08M KC1, 0.07M Tris-HC1l buffer (pH 8). The test cell

contained 80ug of myosin per ml, 20uM cordifene, 10.6mM
MgCl2, 0.08M KC1, 0.07M Tris-HCl buffer (pH 8).
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EFFECT OF A.DP AND

CORDIFENE ON THE UV.
SPECTRUM OF DIALVSED
MYOSIN ( ong puaLysis)
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WAVELENGTH IN NANOMETERS —

FIG-

The reference cell contained 20uM cordifene, 80uM ADP,
10.6mM MgClz, 0.08M KC1, 0.07M Tris-HC1l buffer (pH 8).
The test cell contained 80ug of myosin per ml, 20uM
cordifene, 80uM ADP, 10.6mM MgClz, 0.08M KC1, 0.07M
Tris-HC1 buffer (pH 8).
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Uv. SPECTRUM OF

CORDIFENE

€ = 3582 M (n'
280
| = 20070 M m”'
350
AA =002
1 1 1 | | 1 | 1 1 |
280 320 360

WAVELENGTH IN NANOMETERS —

FIG.

Fig. 4l: The reference cell contained methanol (analytical grade).

The test cell contained methanol and 2mM cordifene.
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EFFECT OF A.D.P  ON
THE UV. SPECTRUM OF

CORDIFENE

€, - 52

\ o = 27-86

T

AA =002

s
l 4G 1 1 I 1 1 1 l

280 320 360
WAVELENGTH IN NANOMETERS —

FIG -

Fig. 42: The reference cell contained methanol (analytical grade)

and 80uM ADP. The test cell contained methanol (analytical

grade) , 80uM ADP and 2mM cordifene.




EFFECT OF CORDIFENE ON UV
ABSORPTION OF ADP IN
70°% METHANOL

P——
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L o conmrene T
A A=01
2- 306 wuM
SOLUTION OF
CORDIFENE
3' 608  uM
SOLUTION OF
CORDIFENE
912 uM
SOLUTION OF
CORDIFENE
l!iL;Jllllllllllll
4 700 760 o
WAVELENGTH  IN NANOME TERS ——— 4

Fig. 43: The silica cuvette contained 2.5 ml of 1lmg/ml
solution of ADP in 70% methanol. Cordifene
was added to make its final concentration

30uuM (2), 608uM (3) and 912uM (4).




Fig. uh:

Effect of ADP on oxygen uptake by coupled

mitochondrial partiéles:

The assay was carried out as described in
sec. 5.3.B.3. The assay contained O.lml of
a umg/ml. mitochondrial protein, 15mM KC1,
50mM Tris-buffer pH 7.4, 5mM MgClz, 2mM
EDTA, 20mM potassium phosphate pH 7.4

(made from a solution containg 400 ml O.5M
KH,PO, and adjusting the pH-to 7.4) 0.25mM

ADP and 10mM succinate.




T A
SUCCINATE
100ul

MITOCHONDR |A
100 ul

5 JILADP

EFFECT OF ADP ON MITOCHONDRIAL
RESPIRATION

Fig. uu
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SUCCINATE

L 100 xl

MIT0CHONDRIA
100 ul

|

| Sk AR 5 4l ADP

5 sl CORDIFENE

EFFECT OF CORDIFENE

ON THE MITOCHONDRIAL RESPIRATION
INDUCED BY A.D.P.

45: Effect of cordifene on mitochondrial respiration

induced by ADP. The assay was carried out as des-

cribed in sec. 5.3.B.3. The assay contained O.lml.
of a 4mg/ml mitochondrial protein, 15mM KC1l, 50mM
Tris- buffer pH 7.4, 5mM MgClz, 2mM EDTA, 20mM Pota-
ssium phosphate pH 7.4 (made from a solution contain-

ing 400ml O.5M K_HPO, and 200ml O.5M KH,_ PO, and adjust-

2 4 - e
ing the pH to 7.4), 0.25mM ADP and 60111 q{Smg/ml cord-

ifene, 10mM succinate.
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Fig. 46: Electronmicrograph of actomyosin molecules
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Fig. 47: Electronmicrograph of actomyosin molecules

in the presence of cordifene




-,'I"ablé,‘ l Hydrolysis of acetylthiocholine by'sér'wn
: cholinesteraseienzyme in the presence of "

cordifené. Conditionéiéf the assay: |
Standard 1: 0.12M phosphate-buffer (pH
8), 0.80 ml water, O.4mM DINB, O.3mM cordi-
fene, and 10 ul sérum;; Standard 2: 0.12M |
phosphate buffer (pH 8), 0.80 ml water, 0.8
nM acetylthiocholine, O.4mM DINB, and 10ul
serum.  Standard 3: 0.12M phosphafé bﬁffer
(pH 8), 0.80 ml water, O.8mM acefylthioého—

" line, O.umM DINB, and O.3mM i ene, |
The test: "0.12M Plisepiibe. butfen (pH 8),
0.80 ml water, 0. 8mM acetyithiocholiné,
0.mM DTNB, 0.3mM cordifene, and 10ul. serum.
‘The reaction mixtures were made_és described

" in section 4.2.4 and the reaction was followed

spectrophotometrically at 412 nanometres.
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Time in  Standard 1  Standard 2  Standard 3  Test solution
seconds :
0 - 0.020 0.08 0.89 077
30 0.028 0.15 ' 0.69 0.85
60 0.033 0.21 0.69 0.94
90 0.035 0529 0.69 0.98
120 0.036 0.33 0.69 . 1.04
1150 0.038 0.39 : 0.69 110
180 0.039 0.45 0.69 i b
210 0.040 0.51 0.69 1.22
240 0.040 0.56 0.69 1.28
270. 0.0u1 . 0.61 0.69 o 1.32
300 0.0u1 0.66 0.69 1.39
330 0.0u1 0.72 0.69 1.43
360 0.0u2 0.77 0.69 1.47
390 © 0,043 0.82 0.69 1.50
120 0.04k 0.87
450 0.0u5 0.91
480 0.047 0.96
510 0.0u7 1.00
540 0,047 1.03
570 - 0.047 1.06
600 0.047 1.18
630 0.0u9 1.22
660 0.050 1:22
590 0.050 123

Table 1: Spectrophotometric results of the hydrolysis of acetyl-
' thiocholine in the presence of cordifene. Optical. density
feadings were carried out at 412 nanometres. Conditions

of the assay was as described in the legends opposite page.
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TABLE 2: Comparison of the rate of hydrolysis
of acetylthiocholine by serum cholinesterase in

the presence and absence of cordifene.

Time in seconds Standard 2 AOD (Test cell-

standaxrd 3)

0 0.08 0.08
30 0.15 0.16
60 0.21 0.25
90 0.27 0.29

120 0.33 0.35
150 0.39 0.41
180 0.45 0.48
210 0.51 0.53
240 0.56 0.59
270 0.61 0.63
300 0.66 0.70
330 0.72 0.74
360 0.77 0.78

390 0.82 0.81
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TABLE 3

Blank Protein Protein with cordifene
8090 5129 2834

5775 1700 2500
5900 U850 26U5

6500 . 5450 2951
6350 5400 2850
6320 ; ' 5230 2857

5990 4 5000 ' 2750
5930 4875 2669

6000 5100 2775
Mean plus

Standard error 6035 + 80 5099 + 83 2759 + ub

A table of results showing the binding of L*5Ct512+ by myofibril

protein in the presence of and the absence of cordifene.



TABLE 4

TABLE OF RESULTS SHOWING THE EFFECT OF CRUDE ERLANGIA
CORDIFOLIA MATERIAL AND ALSO OF CORDIFENE ON THE
HYDROLYSIS OF ATP BY MYOSIN ATPase (E.C. 3.6.1.3.)

Time in minutes O0.D. at 660 nanometres
A B C
(o] 0.04 0,08 0.08
10 0.17 0.28 0.20
20 0.22 0.30 0.25
30 0.23 0.31 0.27
40 0.24 0.32 0.29
50 0.25 0.32 0.305
60 0.26 0,32 0.315
70 0.27 0.32 0.32
80 0,28 0.32 0.32
90 0.29 0.32 0.32
100 0.30 0.32 0,32
110 0.31 0,32 0,32
N1 2 o VUSRI S 8 1 TS 0 | AR R ¢ L | )

The hydrolytic process was carried out as described in

Hawk's Physiological'Chemistry59 and the determination

of inorganic phosphate so produced was determined

according to the method of Fiske and SubbaRow47.

Column A: The absorbance of light measured at >\660

obtained by incubating ATP with

nanometres
actomyosin,

Column B: The absorbance of light measured até\GGo
nanometresobtained by incubating ATP with
actomyosin in the presence of crude Erlangia
cordifolia material.

Column C: Shows the absorbance of light measured at ;}
860 manotsbres obtained by incubating ATP and

actomyosin in the presence of cordifene.



TABLE 5: EFTECT OF ADDED ADP ON THE UV ABSORPTION OF MYOSIN

Duration of ' Concentration UV absorbance
Dialysis of : of 5 =
myosin in ADP in pM 280nM - 7'350nm
hours
3 3
3 0 192 x 10 148 x 10
3 80 190 x 10° 150 % 10°
20 0 123 x 10° 116 % 10°
20 80 136 z 10° 124 x 10°

TABLB 6: EFFECT OF ADDED CORDIFENE ON THE UV _ABSORPTION OF MYOSIN

Duration of Concentration UV absorbance
Dialysis of of ADP in
———— - EogonM E3s0m |
Hours \
3 0 192 x 10° | 1u8:x10°%
3 20 332.x 10° | 180 x 10°
20 0 123 x 10° | 116 x 103
20 20 u0 x 108 | 140 x 10°




CHAPTER 63

DISCUSSION:

The extract of Erlangia ‘cordifolia -(S.Moore)

compositae has been used traditionally by the Giku-
yu people of Kenya for increasing myometrial con-
trastion thereby facilitating parturition. Our
experimentation with both crude extract and cordi-
fene from the leaves of‘this herb has confirmed
that the extract.from this plant's leaves increases.
both amplitude of and the tension in a contracting
muscle.

Muscle contraction can be increased by com-
pounds that induce the increase of acetylcholine
release at.the motor-end plates in the sarcoplasmic
reticulum. This is so because acetylcholine facili-
tates depolarization of the motor-end plate and the
release of calcium into the cytoplasm of the muéble
cell,  Calcium ions are known to trigger the con-
tractile process (3). This author's investigations
into the possibility of the extracts of Erdlangia
cordifolia influencing the levels of acetylcholine

at the motor-end plate either thwough effects on
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'nerve transmissions or the preservatlons of acetyl-_
chollne through 1nh1b1t10n of acetylcholinesterase
showed that the extract from this plant did not

have any such aCthitleS.

contain large: quantltles of ealcium. However, 1. %:
is llkely that thls calcium, on absorptlon, flnds'
1twaay 1nto the large calcium.pool,found 1n'blood
gk ‘plasma.._Investigationfas:to the possibility of

o % cordifene facilitating the translocation of Ca2+

’ 1nto the myoflbrlls (Section 5.1. ) showed that, if.

-anythlng, cordlfene 1nhibits such a translocation

to some extent.

Thislthen means that Erlangiafcdrdifolia extract. . .
manifests its'effeCt on the contractile process by.' |
affecting procesSes within the muscle cell itself.
Influences on muscle contractlon by-direct’ effect on

the muscle cell itself are known to occur w1th che-

mical compounds l;ke‘hlstamlne and serotonin (5-

hydroxytryptaminé)(23). " Erlangia cordifolia extract

is water soluble and as such should have little dif- -
ficulty in being'absofbed through the gut wall and
into the blood strean, That cordifene 1s.one>0f

the compounds extracted by water from the 1eaves of

Erlangia cordifolia is shown by the facts that (a)

the crude extract in methanol shows the chatacterié
stic peak of>absorptionvfor the unsaturated lactone .
at 213 nanometres and (b) by theffact that cordifene

tis.soluble*in'SO% NaOH in the cold and lower conc d




centrations of the alkali will dissolve it when hot.
The basic salts in the leaves of the herb could al-
kalinize the extracting water tﬁefeby solubilizing(:
cdrdifene in the water. The fact that when combined
with myosin-it becomes soluble in dilute concentra-
tions of potassium chloride could also mean that it
is most probably extracted by water in combination
with other molecules most probably low molecular
weighﬁ;pfoteins or polypeptides.

» Cordiféné dissolves in 70% methanol but not in
greater dilutions. of methanol with water. This shows
the compound tobbe.hydrophobic to a great'extent.

Its hydrophobic nature in additian to its small mole-
cular wéight should facilitate its passing across

the cell membrane., Cordifene was  found to be the

. major organic constituent of the Erlangia cordifolia
extractable material with methanol and was also
found to reproduce the physiological activity‘of the
cfude extract. So cordifene can be taken: as one of
the major, if not the major, contributor to thé
physiological and therefore biochemical activity of

Erlangia cordifolia extract.

Siﬁceﬁ Erlangia cordifolia extract effects con-
traction of muscle= by acting direcﬁly on the con-
tractile mechanism withinlthe muscdle cell itself, it
achieves -this by either potentiating myosin ATPase
activity or by directly affecting the contractile
élements within the myofibril in such a way that

favourable configurational changes of these elements
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result. Cordifene‘coﬁldvpotentiate myosin ATPase
by either induciné favourable cohformationai.chapgés“
on the protein (41) or by‘potehtiating the-removél;
of the enzyme inhibitors. The main inhibitor of
myosin ATPase is ADR (11, 15, 49) and aithough some
workers'éontend that at teﬁperatures»above 16°C the.
inhibition shifts from thé enzyme-ADP complex dis-
.lsc')ciation to yet anoj:hér._unidéntified step (50, 54)
it is-héwever ébncéivablerthat the mechanism of the
obstetric "lazy" uterué.cquld come about by failure
‘of the dissociationAof-this'complex;.’The'rémpVali
.of_ADP from the cytoplasmVCOuld~then‘decfease‘the
enzyme-ADP aésociatioh.and faciliﬁate_dissodiation
of the complex. The author;s‘fesults on théreffecﬁs

of cordifene on the UV absdrption of ADP (Fig. 43)

showed that the nucieotide'peak aréﬁnd-ZIO nanometers -
1§ @ladnished by‘cordifene indicating complexifbrma-
tion. This then'means that cordifene facilitates

the enzymé-ADP.domplex dissociation. . ‘

However , thiS'effeCttofﬁcbr&ifene'andgcnude

in’stpe because ‘a givén amount of cordifene can

only igact with a given amount~of‘ADP_unless.it is
qontinuallyAadmihistéred as in an intravenous drip
to an actively contracﬁing'muscle, Since’on;y:a;:

finite<quantity‘of'ErLangra?GOrdifolla‘extract is

‘administered orally_ahd sinée ADP is. continuously
produced by a contracting muscle, it follows:that -

the positive effect of cordifene in facilitating




myosin ‘ATPase (E;C. 3‘6.1;3) throﬁgh the facilita-
tion of the dissociation of myosin-ADP complex is
limited in scope. I§¥ cordifene acted'as an ADP

' carrier in between the,myofibril and the mitochon- ‘
dria1 partic1es surrounding it, then itICOuld be
feasible to argue. that the removal of ADPAfxdm thé
myofibril ié the effective means by which it poten-
tiated‘muééle contréction. The authoxr's investiga—
tion on the effect of cordifene onihé rate of respi-
ration of mitochondria in the presénce'of ADP.(Section_
5;3}B)}showéd thaﬁ'far from'facilitating the entry of:;v
AbP ihté the mitochondria, cordifenehbound ADP‘ahd )
kept’it‘éway from thesé*particies.

Cordifene:diq not facilifate the bindiﬁg 6f
Ca2+'to the myofibrils. If én&thing it ‘was found:to
inhibit‘sugh binding (see Table 3) moét probably by
bindiﬁg onﬁo_sulphydrfl.gfoups that norﬁally bind
‘Ca2+ (37). This then means et Ehe majar contri-
5utioh of cordifene to muscle contraction’must be on
a biochemiéal process occufring Within-thé con-
tracting eleﬁentssthemselves.

The most widely'held view is that the thin
filaxneﬁt through its actin compénents acts as a'.‘.
cofactor for the myosin ATPase (17). - This means that -
conformational changes thatfa;e directly associated
with the contraction of muéCle»are mostllikeiy to be-
found within the myosin moleéule iﬁself. .Hukley (18)-

- and Huxley and Brbwn'(GO) have shown that conforma-

tional changes do occur within the myosin head.




-

-\It is on the basis of these changes that Huxley based
the slidlng filament model of muscle contractlon.

By this model, it has been found that when maximally
contracted, the sarcomere ié Shortened_by anYwhere
from"ZOPSO percent (1). Yet it 1s a phy51olOglcal
fact that a muscle 1ike the myometrium of a gravid
uterus must contract to a size smaller than 306 of -
the orlglnal size if it is to expell the full grown_-_
foetus. This means therefore that the slldlng
filament theory.can only be a partial explanation of

- the process of muscle eontraction.' Configurational
changes in the main skeleton of the myosin filament -
'would more than adequately explaln the extra shorten;
ing of muscle inexplicable by the_slldlng filament
theofy. ' ‘

Eisenberg et al, (l4)~has observed that only a

small fraction of myosin moieeules.ih a myofibril
is bound to the thin filamenf at any one time.

Hydrolysis of ATP on the heads of the attached

myosin'filaments followed by hOVement of these heads
can hardly therefore alter thehdistances-measurable
by Optical Rotary Dispersion-Spedtfa (1). Wwhile
this fact agrees well uith-the findings of Huxley
(18) and those of Huxley and Brown (60) 1t would
‘hold equally well if major configuratlonal changes
Ion the main "body" of the myosin'molecule were in-
duced by the enefgy releaSea-ffom the hydrolysis of
"ATP On:the attached_yyosin heads. This is so because.

the tension that coula-be_geherated by such configura-
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tiOnal‘changesroccﬁrring in-some "pockets" of:the
myosin polymer would become'dissipated aléng the
length of the poiymer. This means thatrmejor con—~
figutatienal changes occurring in some sections of

the myosih.polymerAleave‘the Optical Rotaty_Dispersioh>
'Specttum eseentially the same as it was before the
.'hydrolysis of the nucleotide.. A major biochemical
parameter canhot'therefore be meaSured by pfesent

day available ﬁeaﬁs because owing to lack of'eeféctor
actiVity'for the majority of myosin heads since these
heads are not attached to the thln fllament (14), only
a few. my051n molecules on - the polymer hydrolyse ATP
on their heads at any. one time and therefore undergo
the,ebnfigurational change. This then means that if
cohtraction?ih a few'myosin'molecules'1nfthe myosin
‘polymer of the thick filament underwent contractidn,
extension in the other parts of the polymer;would

_ have;:of hecessity,'to occur if the over-all.length

of the polymer is to remain‘virthally the.same. 'Ine
a‘polymer thch'is a doubly coiled douhiefheiix

like myosin (1) theltension‘of contraction.generated
in some areas of the polymer would become evenly
dlstrlbuted throughout the polymer and the measure-
ments of the band lengths would hardly show any
changes. This'means that the'only measurable. changes
would be the conflgurational changes occurrlng at

the actln-myosin ‘head 1inkage. |

-

' It has been observed that a 50% decrease in
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helical content of cardiac myosin (in 45% ethylene
glycol)result in increase in the myosin's ATPase
activity (20) and this huge conformationa change
has been taken to emphasize the importance of the
hydrophobic regions in the activation of this type
of myosin., This is interesting considering that a
great part of cordifene is hydrophobic from its
chemical structure and therefore highly likely to be
capable of reacting with the hydrophobic parts of
myosin, The finding is also interesting from the
point of view of the increase in the enzyme activity
following the huge conformational change. Barany et
“al. (20) have obtained results which suggest that
the ATPase site of gizzard myosin, a smooth muscle,
undergoes a catalytically favourable alteration in
the presence of low concentrations of urea as a
result of configurational changes in regions of the
myosin molecule removed from the ATPase site, All
these findings agree well with the findings reported

in this work that show that cordifene causes a huge

configurational change in the actomyosin molecule and
at the same time increases ATPase activity. And, in
view of the fact that examples are known correlating
speed of contraction of muscle and the ATPase activity
‘of myosin (2), the correlation of conformational
changes with ATPase activity discussed here and
observed with cordifene must also correlate cordifene
with the speed of contraction of muscle that has

been observed by the Gikuyu people of Kenya.
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SUMMARY

The wet leaves of Erlangia cordifolia are‘
widely used for the production of an extract widelyl
used in the Gikuyuland in Kenya for the purposes of
facilitaﬁing-the birth of a child in cases where
the progress of the process of parturition is judged
to be unsatisfaptorilyvslow for the good bf the
mother and her child. The effect of thé extract

from the leaves of E. cordifolia on the contraction

of myometriél strips from both rats and guinea-pigs
has been confirmed. The extract has also been shown
to increase the contractions of smooth muscles from
the gastrointestinal tract and also those of
striated-muscles of rats and guinea pigs.

Chemical analysis of E,. cordifolia leavés-has

revealed that the leaves contain an appreciable
amount of calcium Wwhich, although found in the water
extract from these leaves, does not play a signi-
flcant role in the facilitation of muscle contraction.
The same analysis has releaved an «=-methylene-y-
lactone group containing organic compound which is

the main compound that is extracted by methanol

from such leaves. This compound has been
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named cordifene by, the author and cordifene was
found to reproduce the biological activity of the
crude water extract.

Cordifene was also found to bind ADP very com-
petitively and also to induce very marked configura-
tional changes on myosin. The configurational
changes were also accompanied by an increase in
myosin ATPase activity.

Neither the crude extracts of E, cordifolia nor

cordifene was found to have activity on the autono-
mic nervous system and for this reason the level at
which these materials were judged to affect the pro-
cess of muscle contraction was at'the muscle cell
itself. Since these materials were found to have no
‘effect on the movement of calcium to and from the
sarcoplasm reticulum, it was deduced that their
point of activity must be at the contractile elements
themselves. Therxefore, in view of the conformational
changes that were observed to be induced by cordifene

and the fact that these conformational changes

were found to be accompanied by increased myosin
ATPase activity and in view of the fact that the
speed of contraction of muscle has been correlated
with ATPase activity, the correlation found in
between ATPase activity and conformational changes

in actomyosin induced by cordifene has enabled the
author to correlate the conformationaLchanges seen

in actomyosin with the increased contractile activity

induced by the E.cordifolia material and ultimately
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with the biochemical basis for the use of Erlangia

" gordifolia material for augmenting myometrial

contraction during parturition.




10.
11.

12.

13.
14,
35
l6.

17.

18.

152

REFERENCES'CITED

Lehninger, ‘A. L.,.(1970): Bibckemistry.t'Worth _
Publishers, Inc., N.Y. New York, U.S.A.  p. 583., .

Baldwin, E., (1957)." Dynamta Aspects of Bzoche--
mietry., Cambridge Unlver51ty Press. Third.
Edition, p. 217.

Murray, J. M., and Weber A., (1974).. Seiéntifié'.
American, 230, 59. : ; -

Weber, A., and Murray, J. M., (1973). Physiolo-
gtcal Reviews, 53, 612, o ; g
Weber, A., (1969)" J Gen Physwol., 53 781.

Hasselbach, W., (1967) Progr. Bzophys.-MoZ
Biol., 14, 167; Fed. Prog. 23; 909.

Chaplain, R.A.; (1967). Arqh. B%ochem.'Biophys.,
121; 154, , C oo o

Morita, F., (1967). J. Biol. Chem., 242, 4501.

Szent-Gyorgyi, A., (1945). Aeta Physiol. Secand.,
9, Suppl. 25, 3. '

Szent~-Gyorgyi, A., (1948). WNature of sze.~
Academic Press, New-York, U.S A. ; _

Kiely, B., and-Martonos;, .t (1969) . Bidchim.
Biophys. Acta, 172, 158. =

West, E. S., and Todd, W. R., (1964) Textbook _
of Biochemistry. The Machllan Company, N.Y.
U‘svo r 11690

Abbot, R. H.,.(1972). Cold Spring Harbor Syﬁp.“
Quant. Biol., 37, 647. ey e

Eisenberg, E., and Klelley, W. W.,. (1972);
Federation Proc., 31, Abstr. 502. <

Chaplain, R. A., (1967). Arch. Biochem. Biqphys.,v
121+ 154, : : . -

Blum, J. J., and Felauer, E., (1959).' Arch.
Biochem. Biophys., 81, 285. < :

Eisenberg, E., Moos, C., (1970). J.‘Bioig Chem.,

245, 2451,

Huxley, H. E., (1963). J. Mol. aioz:,:g;tzal;




19 .

20.

21.

22.

23.

24,

25,

26.

27.

- 28.

29.

30.

31.

32,

33,

153

Gitler, C., and Montal, M. (1972). FEBS Lettens,

: ‘-2—'8_"' 329-

Barany, M.; Barany, K., Gaetjens, E., and Bailin,
G. (1966). Arch. Biochem. Biophys., 113, 205.

Nanninga, L. B., (1962). Arch. Biochem. Biophys.,

96, 51.-

Ganong, W. F. (1967). Review of Medical Physiology.
Lange Medical Publications, Los Altos, California,
U.S.A., P 45.

Turner, R. A. (1965). Sereening Methods in Pharma-
cology. Academic Press Inc., N. Y., U.S.A. p. 3.

Burn, J. H. (1971). Lecture Notes on Pharmacology.
Blackwell Scientific Publications, Oxford and
Edinburxgh, 3rd Edition, p."'9.

Alstead, S., MacArthur, J. G., Thomson, T. J.
(1969). (linical Pharmacology (Dilling).

~ Bailliere Tindall & Cassall Ltd., London, Ehgland

22nd Edition, p. 419.

Ellman, G. L. (1959). Arech. Bidakem.~3iophys.
82, 1970. : ' _

Ellman, G. L., Courtney, K D., Andres, V.,.
Featherstone, R. M. (1961). BZochem. Pharmacol.,
7, 88, v

Nachmansohn, D. (1955). Harvey Lectures. Ser.

' .52.' 57'

Nachmansohn, D. (1959). in "Chemical and Mole-
cular Bastis of Nerve Activity", Academlc Press,
New York.

Hobbinger; F.. "Anticholinesterases” in ' Lawrence,
D. R. and Bacharach, A. L.; (Eds.), (1964).
Evaluation of Drug Activities: Pharmacometrics;
Academic Press, New York and London, 459.

Vahlguist, B. (1935). Skand.. Acta Physiol.,

72, 133,

Cavallito, C. J., and Haskell, T. H. (1945).
"The Mechanism of Action of Antibiotics. The
reaction of Unsaturated Lactones  with Cysteine-
and Related Compounds". J. 4Am. Chem. Soc.,

“67; 1991.

Kupchan, S. M. (1970). ™"Advances in the Chemi-
stry of Tumor Inhibitors of Plant Origin".
Trans. N. Y. Acad. Sei., 32, 85. .




e 38.

39.

40‘

41.

42.

43,

44,

45.

46.

47.

48.
49.

50.

51.

52,

154

Endo, M. (1972). Cold Spring Harbor Symp. Quant.
Btol. 37, 505.

Julian, ¥F. d. (1971). J. Phystel., 218, 117.

Sugden, E. A., and Nihei, T.,‘(1969).' Biochem.
Jey JA3, 821,

Daniel, J. L., and Hartshorne, D. J. (1972).
Biochim. Biophys. Acta, 278,°567.

Kominz, D. R., (1966). Arch. Biochem. Biophys.,

155, 5833,

Oser, B. L. (Ed.) (1965). Hawk's Physiological
Chemistry. MCGraw - Hill Book Company, New
York, Toronto, Sydney, London., p. 231).

Tonomura, Y., Watanébe, S., and Morales, M.
(1969) . Btiochemistry, 8, 2171.

Gergely, J. (1966). "Contractile Proteins" in
Bayer, P. D. (Ed.), Ann. Rev. Btochem., 55. 628.

Ebashi, S., Ebashi, F., and Fujie, Y., (1960).
J. Biochem. (Tokyol), "47, 54.

Offer, G. W. (1964). BZochim. Biophys. Aéta,
89, 566.

Sekine, T., and Kielley, W. W. (1964). Btochim.
Biophys. Acta, 81, 336. :

"Hanson, R. L. and Lardy, H. A. (1970). Secience,
168, 378.°

Perry, S. V. (1955). "Myosin Adenosinetripho-
sphatase" in Colowick, S. P. and Kaplan, N. O.,
Methods in Enzymology, Academic Press Inc., N.Y.,
Vol. II, 582. s

Fiske, C. H. and SubbaRow, Y. (1925). J. BzZol.
Chem., 66, 375. '

West, J. J. (1970). Biochemistry, 9, 3847.

Taylor, E. W., Lymn, R. W. and Moll, G. (1970).
Biochemistry, 9, 2984.

Martonosi, A. and Malik, M. N. (1972). Cold
Springs Harbor Symp. Quant. Biol., 37, 184.

Sartorelli, L., Fromm, H. J., Benson, R. W. and
Boyer, P. D. (1966). Biochemistry, 5, 2877.

Green, I., Mommaerts, W. F. H. M. (1954). J.
Biol. Chem., 210, 695.



53.
54,
5.
56.
57.
58.
59.
60.

61.

62.

155

Hotta, K. and Bowen, W. J. (1970). Am. J.
Phystol,, ' 218, 382.. C o

Trentham, -D. ‘R. Bardsley, R. G., Eccleston, J.'F.
and Weeds, A. G. (1972). Biochem. J., 126, 635,

Imamura, K. Tada, M. and Tonomura, Y. (1966).
J. Biochem. (Tokyo), ' 59, 280. <

'Kupchan, S. M., Fessler, D. C., Eakin,.M.‘A. and

Giacobbe, T. J. (1970). Seience, 168, 376."

Schneider, W, C., and Hogeboon, G. H. (1950).
J. Biol. Chem., 183, 123, :

Rainford, P., Hotta, K., and Morales, M. F.
(1964) . Biochemistry, 3, 1213. :

Levy, H., Leber, P. D., and Rayan, E. M. (1963).
J. Biol. Chem., 238, 3645. , 4

Huxley, H. E., and Brown, W., (1967). J. Mol.
Biol., 30, 383. :

Morrison, R. T., and”BOYd, R..N. (1959).  Organiec
Chemistry, Allyn and Bacon Inc., Boston, U.S.A.
P. 422, ' o E o W :

Josephs, R., and Harfington, W. F. (1966).
Biochemistry, 5, 3474. . :




