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'ABSTRACT T
The pos1t1ve 1notrop1c and chronotropxc effecta of
-hxstam1ne (10”’M) observed on-the r1ght, rxght and left
paced atrla, were antagonlzed by metoprolol verapam11 and

low Ca** Krebs solutxon. Those substances, as well as low,
. ]

Ca“ Krebs solut1on,‘were used to 1nvestlgate the possible
. y
vmechanxsms of h1stamxne 8 actfons, on the rat“heart\

-

Contraryqpo ‘the other. technlques where drugs were 1n3ected v

.f.1nto the preparatxon,'we uBed"/cont1nuous infusion
technigque of adm1nister5ng the above mentloned substances,
at a constant rate and time. Thi$ allbwed us, to observe the
Ionger term effects of histamine on the rat heart. It was

¥

observed by this technique, that the positi@e inotropic

effect of histamine preceded the positive chronotropic ot

>

effect on the r1ght atr1um. Once the tensioﬁ reached its

maximum wvalue, this, was qu1ck1y foLlowed by an increase in
f""'—\.———-——-—"""“

the rate, reaching its peak value after, about 20 minutes of .

histamine infusion. However, at very high rates the tension *

B
¥

has somet1mes been observed to dec;;ase sllghtly. On the
paced r1ght and 1eft atr1a, h1stam1ue produced a pos1t1ve
1notrop1c effect, that often 1ncteased the basal ten51on two
fold. Metoprolol (10 ™) blocked the p031t1ve inotropic. and |
xchronotroplc effects on the left and r1ght ati1um. The Ca**
slow channel blocker, verapam11 antagonlzed the p051t1ve
chronotrop1c effect of hxstamlne on the right atrlum at a

concentrat1on of (10“ﬂ5 However, the positive inotropic

'effect on the: paced rxght atrium vas blocked with verapam11
: X
g} a ' ' . . ' s . v



(10-*M) . fhg‘positive indi;bpic effect of histamine on the
left atrium, ‘was antagonized with.veragamil (1.5 x 10°*M).
Adrenaline reversed the negative inotropic effect of |
Qerapqmil. Lovering [éa“] to one éﬁghth of its normal
céHcen;ration, antégonized the posithe iAOtropi¢ effect of
the histamine on the right aﬁd left ptfia, while the
’posifiVQ_chronotropié effect on the right atrium was.not
blocked. | | | .
The results led to the speculations, that histamine
could acg‘vxa catecholamxnes on the rat heart, as prev1ously
'aher/& McNeill - (1980c) The importance of Ca“’

stamine roﬁsf'y“ «“ ¢¢150 ev1dent, with the

pos1t1ve chronotropic efvect being most sensxtxve to
'verapamxl. Paced right a;rlum'requ1res a greater
'concentration of verapamil then'the left atrium; thus
" indicating the" poss1b111ty that hxstam1ne 1nduces a greater
infqu of the Cé" ions into its cells. The study also
1ndxgz£es that a decrease in the Ca** ion concentration in
Krebs solution, effects mostly the tension bﬁt not the rate,
One could Speculatevthat'in order for histamine to stimulate -
the r&te, it either requires less external Ca** ions or it
mobilizes the intérnal stores of Ca*". Fﬁture studies with
”'_‘BTA to deéeplete the muscle of its 1nternal stores of Ca**,
could give more light on the sub]ect. o
" In conclusion, the experiments show that histamine
promotes a Qreatér influx of Ca** ions into the cells to.

<

. L. . . .
produce positive inotropic and chronotropic responses.

v
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1. INTRODUCTION

From the time Dale and Laidlaw (1910) obgerved the
effects of h1stamane on mammalian txssue and its main role
in %naphylactfé shock there has been oreat,in erest in

h1Stam1ne research In 1927 Best, Dale, Dudley, and Thorpe,

establxsh1ng its presence in var1ous tissues. In\Q953
«

Schachter demonstrated that in sensitized rabblts” horse

serum releases con51derable amounts of histamine 4rom s i

liver and to a 1esser extent, from the qut. Largelquant1t
of hlstamlne are contained .in cardiac tissue as well (Rocha
‘e Silva, 1966)‘ Its d;str1but1on,1s&not uniform, since it
‘was found by Giotti et al. (1965) tﬁat guinea-pig heart had.
the highegt content of histamine and also highest |
' concentratlon of mast cells in the rlght atrlum and lowest
in the left ventricle.

The release of hlstamlne into the blood from mast cells
can_ be affected by drugs like pethldlne and atroplne
(Schachter,‘1952) or by injury (Lew1s, 1924). Histamine
causes systemic react1ons, observed 1n anaphylact1c shock, .-
in varlous animals. These reactlons have been descr1bed by‘

'varlous 1nvest1gators (Dale & La1dlaw;1910 Lewis 1924-"
Schachter‘1953° Rocha e Silva 1966). Even from early tlmes
it has been observed that histamine can produce p051t1ve

'chronotrop1c and inotropic effects on the heart. The f1rst'
such report came from Dale and La1d1aw (1910) who observﬁd ,

the effect of h1stam1ne on the rabbit and cat cardlac_



tlssue Th1s positive chronotrop1ckend 1notrop1c effect vas 4\
descr1bed many times afterwards in var1ous spec1es such as |
cat,‘rabblt and gu1nea pig (Trendeleanrg 1960 Mannaioni
1960; Bartlet 1963; Poch & Kukovetz 1967; Rocha e Silva
1966' Fla&ke et al. 1967; Verma & McNeiil 1977). Experiments
“were carr1ed out on the whole perfused mammalxan hearts
(Lev1 1972; Bartlet 1963; Rocha e Sllva 1966 McNelll &
Verma 1974; Flacke et al. 1967), also on the’ isolated atrium
preparatiens }Trendelenburg 1960;'Verma & McNei}l 12}4?£end
right/ventricular muscle preparations (DeMello 1976; Verma &
McNeill 1977; Eckel 1982). e

In 1937 when Bovet ‘discovered H, ant1h1stam1ne,
2 isopropyl-5- methylphenoxyethyldlethylam1ne, whlch lessened
the symptoms of anaphylact1c shock in gu1nea plgﬁaad
histamine induced bronchospasm, the future of histamine

’

research was establlshed Soon new 1nvest1gat10ns led to the
=9

discovery of the most potent ant1h15tam1n¢ %p to this day -

.v'd1phenhydram1ne (Loew et al. 1946) This led to“%ha o

-

d1scovery of other antxhlstamlnes. .

" Using those ant1h1stam1ne drugs as tools to further
ineestigete the effects of histamine, it was eventually
observed by Folkow (1948) that diphenhydramine does not
"éLollsh the h1gh dose of histamine effect on cat's limb
Va5culatqre{_Th15 led him to suggest the presence of two
distinct receptors for histamine. Trende}enburg (1960) and

Bartlet (1963) also observed, that positive chronotropic and

inotropic effects of histamine on the heart of certain



speciee vere not antagonized by antihistaminee then
available. Eurthermote, teta ad;energic receptor antagonists
failed to inhibit the positive chronotropic effect of
histamineM(Trehdelenburg 1960; Poch and-Kukovetz, 1967).

Finally in 1966, Ash and Schild presented their
classxcal paper in which .they introduced H, receptors. Those
ef£ect§ such as vasodilatation, bronchospasm and allergic
reactions mediated via H, receptors, could be blocked by H,
antagdnists.‘other‘effects of histamine like stimuiation of
‘the heart, uterus or géstric secretion ‘that were not blected,
by classical antihistamines were termed non H, receptors.

In 1972 Black et al. 1ntroduced the new antihistamine,
| burimamide, which selectively inhibits the actions of
histamine that were not antagoniZed by the classical
antihistamineé, suggesting the ;#istence of a second
~redeptor responsible for these actions. Burimamide was
defxned as a selective H,-receptor antagonist (Black et al.
1972) Butlmam1de was 'found to antagon1ze the positive
chronotrop1c effect of hlstamlne in the guinea-pig heart,
j(Lev1, Capurro & Lee 1975' McNeill & Verma 1974 Verma and
McNellt 1977).

With the discovery of these H, reéeptor antagonists,
the interest in the physiological role of histamine‘
intensified. Many investigators demonstrated, on various
species, the actioA; of histamine on the heart and the

¢

differentiation of its receptors into H, and Hs, types.
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During the last decade, a great deal of information has
'been qhtained, as to the diﬁttibhtion and properties of H,
and H, histamine receptors in difterént specieg, One of the
results of these studies showed that the aistribution and
the type of these receptoxs, particularly on the heart, not
only depands upon the spec1es of. the anxmal but also upon

dlfferenq.parts of‘the heart within the same species

© (McNeill

that evqﬁfthe\strain differences within the single species

%ing is a review of the distribution of
receptors in the heart of the rabbit, cat, guinea-pig, man
and the rat. The efiffects produced by thé stimulation of‘
these receptors WIjh histamine will be dlscussed, as‘well as
their possible mechanism of action, as'dlscovered by .
different investigétors. .

In the rabbit, the positive chronotropic and inotropic

response of the right atrium is not blocked by H,

antihistamines as ghown by Trendelenburg (1960). McNeill and

Verma (1978) undertook-an‘investigation on rabbit atrium and
sventricular tissue for histamine H, and H, receptors. They
'*found predbminantly H, receptors in the rabbit heart, except

in the right atr1um where H; receptors seemed to

predominate. Both H, and H; receptors are respons1b1e for

the positive chronotrop1c response. However rabbit ventricle

4981 McNeill 1984; Owen 1977). Cook (1984) pointed '



and papillary muscle contain only H, receptors (McNeill,
1981) . |
In the kfften, Laher and McNeill (1980) observed that

the positive chronotropic effect in the right atrium is

H; receptor antagonist) and by’the
beta adrenergic antagonist propranolol. This would indicate
that histamine produces its effect via the H; receptor and
indirectly via, catecholamlne release. In th& kitten's left
atrium, right paplllary muscle and rlght ventr1cle, the
histamine responses were blocked by propranolol, 1nd1cat1ng
that‘histaminevié acting only by catecholamine release. When

the kitten was reserpine pretreated, the positive ‘inotropic

responseVFB histamine was not obserQed and the'chronotropic
effect was decregsed. McNeill (1981), also concluded that
the effect of histamine on cat's heart is mainly due to
reiease of catecholamihes, with a minor direct H, mediated
positive chronotropic effect. | L
The guinea pié has been the most commonly used species
for experimental purposes for decades. Its.isoléted heart
was iouné to respond to histamine (Levi 1972; Rocha e Silva
1966) . The positivé inotropic effect of histamine on the
guinea pig atrium and its sens1t1v1ty to h15tam1ﬁe was
observed by Trendelenburg (1960) He found that fhe effects
of histamine on guinea pig atrium were not antzgénlzed by H,
antihistamines. Similar results were reportpd by McNeill and

Muschek (1972), as well as by Poch and Kuk®Vetz (1967),

suggesting the presence of two types of fecéptors in guinea
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pig heart. McNeill and Verma‘(1974), ané Reinhardt (1974),
antagonized ‘the posi%ive chronotropic effect of histamine in
the guinea pig left :trium with bzrimamide, an H; blocker,
%hileﬂthe positive inotropic ‘effect of histamine on the left
atrium. was blocked by the H, antagonist, promethazine. Levi
et al.-(1975), with their exper1menta1 ‘findings, suppott the
hypothesis that H, receptors mediate the b1stam1ne 1nduced
increase in rate and contractility while H, receptors
mediate the slowing’ef the atrioventricular conduction{"V
Furthermore, Verma and McNeill (1977), conclude that H,
receptors are present in guinea pig left atrium and right
ventricle, while H, receptors are present in right: atr1um

akd ventr1cle. The stimulation of the H, receptor

, accordingly is associated with an increase of cAMP.

a

The enhancement of automaticity in-guinea pig heart

treated with histamine seems to be mediated by H, receptors

2 .
b

(Levi et al. 1976). Levi and Zavecz (1979) Qbserve that

cimetidine antagonized idioventricular automaticity produced .

by histamine on guinea pig heart. ﬁcNeillﬁ(1981), summarizes
the effects of histaﬁine ahd regebtog type presence in
guinea pig heart.JAccording'to hisAreport, the Ha receptoré
are present in the quinea pig right atrium and ventricle,
where'they mediate an increase in both rate and force of
contractlon. The H, xeceptors re responsible for the
positive 1notrop1c effect and\h e present to a lesser extent

in the ventricle. They also conc}uded that cyc11c AMP

increases following the H, receptor stimulation. Previously,
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Reinhardt (1977), investigated the effect of histamine on
CAMP in guinea pig heart. His observations showed thatecAMP
increase is associated with H, geceptor stimulation while in
the H, receptor, no inérbase in cAMP was observed.
Activation of adenylate cyclase is dependent on the
activation of-H; reéeptbrs &n guinea pig ventricle as well,
and is blocked by burimamide (McNeill and Muschek 1972;
McNeill and Verma 1974). Therefore the:Hz recepfor
stimulation is connected with an increase in adenylate
cyclase and cAﬁf. This finding led Inoue et.al. (1978) and
McNeill (1984), to suggest‘éhe‘ideabthat hiSQami&e action
paralleled thée of the adfengrgic agents, t?US\Ehe H,
receptor being similar to'betaradtengrgic receptors. Both
'seem to stimulate the increase,ofléAMP”yhilé H, and «
adrenergic receptors do not.

Since‘the concept of cAMP iﬁvqlvement in the H;
mediated‘ibsponses by histamine has arisen, the following.is
a brief'outline :} thé;the”relationship of adenylate cyclase
and cAMP to the H; receptors. The first suggestion of an .,
involvement of histamine with cyclic AMP in the heart were
méde in 1967 by Poch and Kukovetz. They.céncluded that
histamine increaéed cardiac contractility by actiyatihg“'
adenylate cyg}ase, closeiy allied to a specigic vﬁs;émine
receptor, tHLs 1ea§ing to an incréase i; cyclic AﬁP. This
view was confirmediin 1971 by Klein and Levey. According to
tﬁem; histamine coﬁld stimulate,adenylaté éyclase prepared

from guinea pig, cat, and human heagt. McNeill‘and Muschek

]



(1972)“were able go show that there was-a hiéfamine rece;bor
associated with cardlac adenylate cyclase, that was separate
and distinct from E%e beta adrenergxc receptor, which was
poorly blocked by H, antagonist. They aﬂgo observed that
histami;e could activate the enzyme glycogen phosphorylase,
a cyclic AMP dependent enzyme. The positive iﬁgtropic,
chronotrepic and phogphorylase %ctivating effects of d
histamine were all enhanced by theophylline, a

' pHOSphodiesterase inhibitor.

‘ It has'béen reported'fhat in guinea pig heart, cyclic
AMP seems to increase prior to the positive inotropic
response or increase in phosphorylase (McNeill & Vefha 1974;
Reinhardt 1977). The phosphodieste;ase inhibitor papaverine,
enhances the histamine inotropic response on guinea pig

)
papillary muscle, while thé same effect is abolished by

burimamide (ﬁe}nﬁardt; 1977). Furthermore Groupp et al.
1980), reports that RMIﬁ1233A, a lactam imine and an
inhibitor of adenylate cyclasg on guinea pig heart,
completeiy\blocks the histamine positive inotropic effect.
H, receptors are also associated with changes in
inotropic responses.'Studigs on the mechanism underlying H,
receptor mediated changes‘in cardiac contractility, show
that the increase in tension is hot associatgd with ahy
‘changes in cyclic AMP levels (Reinﬁardt gf al. 1977; Verma
and McNeill, 1977). Therefore, it indicates that in quinea
pig heart’ the H; receptors are‘pfedpminating and that their

stimulation is associated with cAMP increase, while H,
. [ »



receptors are not. - ‘4 !
There-have been few studles carr1ed out on’ human heart
for o;vious reasons. Klein and Levey_(1971), found a -90%
~increase in Cyclic'AMP'in fhe right human ventricle
pretreated with histamine. rt.seemsvthat human.heart
contains only H, receptors and that their posrtive inotropia
effect due to histamine stimulation ie abolished by the H,
blocker, cimetidine . (McNe111 1984f;GriSt§ood, 1981). |
Studies on the 1solated rat hearts haye been‘carried
.out by.some iovestig?tors, but not tO»soc; an extent as ih
guineavpig. It was Went“et al. (1952, '1954), who first |
zreported that histamine releasee an adréhaline-like
substance from'the igolated rat heartg According to this ™
study, hlstamlne first decreases and then increases the
Uamplltude of contractlon of the rat“heart. Bartlet (1963)
in-his study reports thebdepreSSaht,effect of hlstamlne on
. the contraction of the_isolated.rat Heart, thus concluding
;that the effects}of,histaminercould not be due to |
' sympathomimetic.actiOn; since noradrenaline would increase
the contractility of the preparatlon: Similar results were
presented by Dai (197%) who attempted to_clarlfy the role
of H, and H; receptors in the isolated rat heart. By
. injecting'histam}ne (¢ x jO”M)ﬂ‘through an aort&c'cannulae
every 10 mgnutes, he found that histamineiproduced a |
dose—depeﬁdent decrease in heart.rate and force ofd
contraction. Metiamide, an H, receptor’antagoniet and

diphenhydramine, an H, receptor antagonist did not have any



effect o:Lﬁistamine induced negative inotropic. and

chronotropic effects. He suggests that there is probably -

neither H, nor H, receptors in the rat heart, but rather

that some substance is'released in the rat heart to producem

such a negative effect. Later, Satayavivad et al. (1977),

indicated thatvhistamine produced a positive chronotropic

" effect on the rat right atriug with an ED50. of (1.65 + 0.68

4

I
y il

ﬂ}f’10'3M) however this chronotr pic effect can be |

potentiated by a phosphodlesterase 1nh1b1tor. In 1978
Korbsec and Erjavec reported that the positive 1notrppié
effect of histamine in the perfUSed rat"heért is ‘due to the
difect stimulation of H, receptors. They found no‘change in

rate after histamine administration. They also found that

rat heart was not very sensitive to histamine. Work done by

_ Laher and McNeill 1980), on the rat isolated atrium, shed

some new light on the subject. They found that at very high

’ -

doses (10-% to 10-2M), histamine produced a positive

chronotroplc effect on the rlght atrium which is not blocked
by e1ther promethaz1ne or c1met1d1ne, former being the H,
antagonlst and later begng the H, antagonist. However, the
effect was blocked Ezhpropranolol or reserp;ne pretreatment.
On‘the left atrium, large doses of histamine producdd a .
positive inotropic effect. This response wes also - .
antagohized by propranolol)or reserpine pretreatment. This.
led them to suggest that histamine fﬁ/high'cOncenﬁrationev

« ’ . . . . . bl .
causes an indirect stimulation of beta adrenoceptors in the

right and left atria, to release endogenous catecholamines

o
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and acetylcholine. Atropine was found to reverse the
negatlve chronotropic effect of hlstamlne in the presence of
propranolol. McNeill (1984) ‘suggests that the decrease of

contractile force on‘{he heart due to histamine, described

1

by Bartlet (1963), was the effect of acetylchollne feleased

’

Johnson (1982), gives further ev1dence against the presence

of hlstamlne receptors in the rat heart,. by fa1l1ng te find

an increase in adenylate cyclase after h15tam1ne stimulation
r N

of right and left ventricular tissue.

Y It is obvious that the question of histamine and the .

distribution.of its receptors in ghe heart,_as well as in
other organs is very. complex Cook"(T984) points oot that -
many of its. functlons and roles as natural component of the
body:are not'yet clear. |

" Recently, the role of Ca** in eliciting the effect of

histamine on the heart, has been increasingly recognized:

‘With the discovery of Ca*' blocker substances, such as

verapamil and D600 it became possible to study the | ¢

e€lationship of Ca** to the histamine effects. The .

importance of Ca**, in cardiac contraction was discovered by

Ringer 1883, but the main importance of Ca'* in

excitation-contraction coupling came much later, around

[

1950. Since then, several major discoveries led to the

present knowledge of the role of Ca** in:

1. Activation of‘contractile‘iroteins.~

5. Different distribution of Ca** concentrations in the

. tissue cells.:

T
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3. The mechanlsm 1nvolv1ng beta adrenerg1c agonlsts, which
causes the activation of cycllc AMP, that promotes ca*
ions entry from the extracellular space into the cell
and sarcoplasmic ret1culum, to produce a response.

4. The discovery of Ca*”’ channel blockers. |
‘The Ca** channel blockers, verapamil (I1soptin), D600

and nifedipine are valuable in experimemtal procedures in

understanding the phy51ology of Ca" in muscléuﬁThese drugs
have been used for some time now to treat angina pectorls,
supraventrlcular arrhythmlas, as well as atrial tlbrlllatlon'”
in humans (Krupp 1982). It seems that verapamil and its more
potent methoxy derivative D600, selectively block the‘slow
inward Ca** current, which flows durlng the plateau phase ot
action potential thus blocking the Ca” transmembrane
conduct1v1ty (Kolhardt 1972; Fleckenstein 1977). In his

exper1ments on cat ventrlcular tissue, Kolhardt (1972),

using a‘voltage clamp technique, proved the 1ndependence of

two. separate channels; a fast Na' channel and a slow Ca’

channel. Neither verapamil nor D600 f1gn1f1cantly block the

‘fast Na’ current, although the Ca** slow current was

blocked. He also found that the excitability, whlch depends

primarily on the fast Na* current was not altered by these
two drugs, whxle the contractile force was reduced since
the .ca** supply to the contractile system was inhibited.

However, the add1t10n of extra Ca*’ can improve the

transmembrane Ca*" conductivity, so that verapamil and D600

probably compete with Ca** for a common receptor carrier
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system in th;~cardiac fibre. Furthermore, Naxler and‘Szeto
(1972), were able to show on dog myocardium, Sthat the
negative inotropic effect of verapamil, was due to the
imparied'capaoitylof satcolemma to bind Ca'*, thus reducing
the Ca;‘ uptake. According to theW, the cardiac microsomal
fraction, representing sarcoplasmic reticulum, did hot alter
the atcumulation,'bindino or eichange af Ca** under
verapamil 1nfluence.

It seems that tha sarcolemmal ca** transporting
propertles dependent on ATP, as well as intrinsic ATP ase,
are blocked by verapami). (Mas Oliva & Nayler, (1980). Bayer
(1975;, unsatisfied with.the concept of vgrapamil being only
the tpansmembrane Ca** blocker, postulates that verapamil
also slows the Ca”~translocatlon to the lateral cisternae
within the sarcoplasm1c reticulum. He based his assumpt1ons
on the fact that verapam11 treated paplllary muscle of a cat
is able to produce supranormal contractions, after the |
\ reduction of the stimulation rate, thus implying that Ca**
is refzszzENfrom the accumulated storage site. He gives an
explanation that Ca** is present in the sarcoplasmic
réticulum as a primary storage site, bdt*is not allowed to
enter the lateral cisternaé as long as frequency of |
stimulation persists ahd verapamil is pfeseht. Such an
effebt.was not observed with other Caf’ interventions, such
as‘loweting [Caf’], or addition of Ni",‘La3‘. Accorging to

this study, verapamil does not'have to cross the membrane

. . o R i .
but can communicate with lateral cisternae of sarcoplasmic



| 14

y
reticulum via the TTS- transverse tubular system, both being
}connected by tight Junctions. !
Howeverd'this 1nterest1ng study is outside of the scope
of my project and would requ1re more time and experimental
work to verify“or to investigate further. Fleckenstein
(1977) presentS'a study oh'Ca“.antagonists on'the heart
and vascular smooth muscle. He states that verapamil and
other Ca"—antagonists 1nterfere w1th Ca“ transmembrane

supply, thus diminishing the force of contraction without

any major change in action potential reduced ATP 4™

\"},,

Yo

utilization or lover O, consumptlon, The actions of Ca**
antagonists are easily overcomelby‘addition:of Ca" or by’
beta adrenergic agonists,‘which_act on slow channels via
cyclic AMP to increase the transmembrane Ca®* influx, thus
promoting a positive inotropic ahd chronotropic effect.. |
Cardiac,pacemaker activityp‘according to Fiecheusteih
(1977)f;is also affected by Ca‘f—ahtagonists.iThese drugs
(verapamil, D600, nifedipine), seem to suppress §A or AV
pacemaker activity in rabbits, guinea pigs and ratgs
fD1m1n15h1ng the Ca" ava11ab111ty, they'inhibit 1mpulse
'prdzuction and propagation in the cardiac pacemaker tissue
as well as cardiac automaticity. A negative 1notrop1c effect
in cat myocardium,:as well as a reduction of slow inward
current depending on frequency, was ohserved (Ehara &
‘Doufman, 1978). In the rabbit ieft atrium and papillary

muscle verapamil decreases the inotropic .effect in a

dose;related manner Herada et al. (1982).
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It seems that verapamii indﬁced heart failure can be
aboliahed by histamine, thus 1eadihg~to.the conclusion that
histamine hay‘ipcrease the influx of Ca"tions‘into the
myocardial cells or'can prdmote the liberation of -
1ntracellu1ar Ca“ 1ons, as observed in the guinea  pig heart
and lung preparatlons by Bernaher & Schanz (1974). They also
observed that the positive chronotropic effect of histamine

was blocked by verapamil. |
It has been reported that hlatamlne increases the Ca*
conductance across the cell membrane. ance the uptake of
“SCa’was increased'due to the histamine effect on guinea pig
ventricle, DeMello (1976), concluded that.t{e histamine
pcéitive inotropéc effect, greatly dependa on the
" extracellular calcium concéntratioﬁs. Levi et al;.(1982),
state that gistamine'acts either directly ontthe Ca**
‘channel to induce a positiye influx of the‘Ca“ jon or
consequently~via increase of cAﬁP. Inoue (1979), reported
that the involvement of a Ca“.current system on tha guinea
.pig heart, following the H, receptor simulations with
4-methyl—hi$taminé (H, agonist), was blocked by D600,
. Therefore bearlng in mind all these facts, the study

was undertaken 1n our laboratory to 1nvestlgate' 1.4

Histam1ne effect on the rate and ten51on of the'right
atrium, the paced right atrium, and the paced left atrium of
the rat heart, using a technique in which drugs were
infusing the tissue at coﬁstant rate’fot a given period of

G

_ time. 2. To verify McNeill's (1980), hypotheais that:
//'———/—/
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histamine in rat heart acts via the release of '

_catecholamines. 3. To investigatevthe role Ca** ion plays
if any, in relation to the effect of histamine on the rat

heart, by using the Ca** antagonist verapamil.

;R
Y -'W;{‘ﬁ@; .



2. METHODS AND EQUIPMENT

2.1 Dissection of the left and right atria
. The animals used were Sprague-ﬁawley rats weigh%ng from
200-400 gms. They were anaesthesized by.ether, their chests
~.were open along the midline, heart with lungs rapidly
dissected out and piaced into a 5eakér containing |
heparinized, cool Krebs solution. The heart Qasxthen

A Y

‘transferred into a dissecting tray also filled with cool
Krebs solution solution and pinned to the waxed bottom of
the tray. Lungs and all connective tissue were removed, thus
leaving both atria clean. S hook attached tc a cotton‘thread
was passed through each atrium and then both left and right
atria were carefully divided from each other with scissors,

. along the midline. The left or right.atrium was then hooked,

. with one end attached via cotton thread to a transducer and

the other_end fastened to the bottom of the infusion bath.
2 2 Dissection of the right atrial pacemaker
In order to destroy or remove the pacemaker so that the

" right atrium could be electrlcally paced, the follow1ng

procedure was used: After detaching the right from the left

atrium, the atrium was pinned to the bottom of the dish very

carefully ananthen the posterior two thirds of.the wall were
.. dissected out uysing special dissecting.scissors. Then a

transverse\cut was made, so th i : eérior

wall was also removed.

17
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This type of dissection usually removed the pacema}éffJ\
1f the dissertion was not thorough; histamine, which has av
positive chronotropic effect oﬁ the pacemaker, could excite
the pacemaker n;de; or ectopic pacemaker. Such experimenté
were not used since the tension observed could not be

measured. ¢

2.3 Apparatus and tissue bath

The tissue bath is constructed as follows: It is
constructed from plexy glass and.has a capacity of 20 mls.
It has two 1nputs- (1) an input tub@ through. whlch Krebs
solutlon is infused from a reservoir, placed -one meter abbve.
the bath. (2) a tube which carries oxygen_to the
'preparation. This oxygen tubé has a cork mounted on its
centre (see Fig. 1.), so that the atrium may be pinned in
the bath. The bath is divided 1nto three compartments by
stainless steel screens. The screensvprotect the string
which is attached to the transducer éhd,the atrium, from the
oxygen bubbléé, which can cause interference to the
transducer. However oxygen can still diffuse through the
screens to the preparation. |

The bath is‘then,placedvin a water bath with a const;nt
_ teﬁperature of 4b° + 0.5°C. The temperature of the

preparatlon bath is kept constant at 37° t 0. 5°C. The

ions in the reservoir and the bath wlfh the preparatlon
were both equilibrated by contlnuous ga551ng with a mixture

of 95% O, and 5% CO:. This mixture also keeps the Krebs



Figure (1.) shows tb; tissue bath and apparatus which was

used for this series of experiments. ¢
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sblution at a pH of 7.4.

2.4 Solutions

Krebs solution was used th;oughout the experiments. The
following concentration were made in distilled water in |
mM/1: NaCl 115; KCl 4.6; CaCl, 2.46; Mg SO, 1.15; K;PO.
1.15; NaHCO,; 2.41; glucose 5.45 gms, pH - 7:4. Krebs '
solution was made fresh each day and was kept in the
refrigerator. It would usually infuse the heart tissue for
about 60 minutes, until a cbnstant tensionrand/of rafe would
be achieved and then the solution would be changed to the
other solution, depending on the expériment. Flow rate of
the-;olutions‘yas 5 ml/min thus taking 3 -min to replace the
solutions in tﬁe bath.

Hiétémine'Q;bydrochloride (184 M.W.)5 was supplied by
. *sigma chemical company,.in crystalline powder form. From it
the stock solution’of (} # 10'3M) was preparéd freshly each/
day. » |

Verapamil (491 M.W.), suppiied kindly by Searle

Pharmaceuticals&of Canada, was in powder form. The substance

is light sensitive and not readily soluble in water. l
Verapamfl (10-°M) was used as a stock solution which was
kept in the refrigerat?r. B
Metoproioi (684.8}M.W.)u kindly ﬁppplied by Ciba-Geigy
Canada Lta. Gas'used in powder'form, and stock solution of

(10-°*M) was praepared.
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"Adrenaline Bitartarate (333.3 M.W.) sUpplieﬁ by Sigma
chemical company was used to prepare the stock sblution of

(10-%M).

2.5 Procedures and Recordings 0\ : .
Once the heart tissue was fastened and set up in the
. . TL L
infusion bath, the preparation was allowed to equlibrate for

40-60 minues in the Krebs solution, until a steady rate and
tension were obtainéd. Then the experimental procedures
began. |
The solutions were infused into the bath atja“constahv
rate of 5 ml/min during which time the heart rate and {
tension were observed and recorded. A displacement
transducer, designed in the worksﬁop, was uged to record
changes ih tension éga;rate. It operates on DC cufrent with
a 6V baftery. A Beckman Type R 411 dynograph recorder was
used, which recordedf\e' responses in tension and ra@:'e.‘;c'I‘he
responses weﬁ% also t‘ansmitted from the Beckman recorder to
thé oscilloscobe Type1549, whgfe inaividuai cqgtractions as
well as tpe rate coula bé obsefved;-ih turn this respohse

was recorded by the computer TRS 80 where rate‘and tension

were recorded every minute. The curves for both were plotted

‘‘‘‘‘‘ —

at the same time and-the data was then stored. Computer
recordings, were the average recordings per minmute. ...

P

After 60 minutes of atrial infusion by Krebs solution

» .

@

the hifstamine (10-°M) or verapamil, or both at the same time

@ X ) . e u:::,-:w PRTary \
were then introduced by the same method of - infusion for a
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given perlod of time. The same recordlngs were done

throughout this part of the experlment as already dlscy88ed

aboveé. The drugs were washed with Krebs solution by overflow
method at the''end of the g1ven time perlod and again tension
and rate chaﬁges were*recorded; Histamine (10-°M), wae;‘
1nfused to the preparatlon for 30 minutes. The pac¢ed left
and right atrla ‘were both electrlcally stlmulated by two
electrodes from a Grass SD9 etimulator%at a voltage of about
2-4V, at a conStant frequency of approximateiy‘92 .
pulses/mlnute o

At-the end of the experlment, the atrium was llghtly

blotted with a plece of tissue paper, and we1ghed The

callbratlon of tension was alsp made. Tens1on from the traée
was measured in mm and converted into mgs/mg. wt of the
muscle. Rate was also noted from the comouter sheet and
re%orded in table ﬁorm. Recordlngs from the computer and

2
o

froﬁ the dynamograph were ‘stored in files. Calculations of.
A _ ‘ ¢

half times'forrthe tension and rate of rise or fall for
,histamine, verapamil and low Ca** Krebs solutions, were done
at the end of each experiment..Computer stored data was used
»toagive the traces of single'contractiohs for the atriUm»
infused by Krebs solution, histam}ne, 6erapamil,and low Ca“
Krehs‘solotion,

Cohtractioﬁ time, time to maximum contraction, as well

as relaxation time for histamine effect on the atrium, was

b N

observed and «compared to Krebs solution, verapamil and low

- Ca*' Krebs solution.

A



2.6 Statistics
'Statistical significance was determined by using the

Student's t test. Differences were considered to be

significant if p < 0.85.



3.  RESULTS .

3.1 Rate:
The effects on the rate of the right atrium were
observed with the following substances: histamine,

metoprolol,‘verapamil'and.lbw Ca**.

3.1.1 The effects of histamine (10'3M)A

The ‘right at;ium was first infused with Krebs solution
,for‘60‘minutés, until a stable rate was achieved. Thén the
infusion solution was chariged to histamine (107°M). Aftet.a
.period of.30bmindtes iﬁvhistamine solution, the preparation
was washed with,nérmal Krebs solution.

"Histamine (10:°M) has a po$itivé chronotropie eﬁfeét on
the right atfium. Table (1, Pg. 26) shows that the average
bésal rate in Krebs solﬁtion was 248 * 21 beaté/min_and :
.increases-to 373 * 27 beats/min in histamine. This iﬁcresse
was signifiéant at p < 0.05. The average rate in histamine
is 151 + 16% of the average ratewinbxrebs solution; Krebs
solution equéls 100%. The average half time for maximum rate
\
in histamine is 12.3 = 5.7 minutes. The‘average rate after
washing in Krebs solution was 69 :-8% of the éverage.fate in
the presence of histamine. This change 1s signifitant at
p < 0.05. - I

Fig. (2.A, Pg. 28) illustrates the computer ouiput of

the rate/min. It shows that after a period of 6 minutes 1in

histamine, the rate begins to increase and reaches its

d

- 25



o
Jable 1. Right atrium rate histamine 10 °. . .
Number of .xqmv,m histamine rate/min 7 of normal L time for Krebs % Krebs/histamine
Experiment rate/min ; o histamine/Krebs amxmaca/ (min)- rate/min
1 220 338 , 153 4 6. 238 70%
2 . 234 3y . 151% 8 226 ALV
- 3 248 370 1497 . 8 o 264 ne
4 264 | . 368 139% N 264 71%
, 5 246 340 A 138 . 13 288 8L
6 250 360 o 4L 9 242 72%
7 264 - 408 ‘ 1547 8 240 . 58
8 254 Cel 402 1587 . 10 284 70~
9 204 402 o 197% ‘ RN 224 557
10 wa 396 - 15L% - 16 - 262 66"
1 284 poo, ‘ 1407 ‘ 26 310 77.5
12 248 | . wwm/ Jﬂ. i 19 252 757
e :me@ 248, + 21 ud«w 2; 151 + 162 69" -




L

Figure (2.) This reprelents the computer output of the réte‘

of the right atrium. ’

(A) Shows the effects of histamine‘(10‘?M).

(B) Shows the effects of metoprolol (10°"M) plu{'histamine
(107 °M). | |

.,

\
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maximum after a period of. éO'minutes. In this exper iment the
basal rate of 250 beats/min in Krebs solutlon, 1ncreased to
a maximum of 360 hlats/mln in hlstamlne. However, 1n some
experlments the rate changed from i. e.‘204 to 402 beats/mln.
On washing in Krebs solution, the rate returned close to its
basal rate.

Fig. (3 a, Pg. 31) shows the rate in.histamine relat1ve
to the rate in Krebs solution. All the p01nts on the graph
are on the left side of the, medlan line, thus indicating a\
potentlatlng effect of histamine on the rate of the r1ght
atrium, h _ |

The histogram (Fig. 4( Pg. 33);'i11ustrates the
percentage difference of the average rate between Krebs
solution and histanine. The'average rate in Krebs solution
is taken as 100%. It shows that the average ‘rate in
histamine is increased by 50% from Krebs solutlon.

Histamine also has a positive'inotroplc effect on the

right atrium, but this will be discussed separately.

3.1.2 The efieets of metoprolol (10-"M) a;d histamine
(10-%M) _
The.right atrium was exposed to metoprolel (10-"M) for
10 minutes. After that, histamine (10-°M) with metoprolol
(10-"M),. were added to the preparationﬁ |
Table (2, Pg. 34) shows that the averaQe»rate of 235 ¢

6 beats/min in Krebs solution. This rate was maintained the

same when the solution was changed to metoproloi (10-"M).



&

Fig. (3.)
(a) Represents the cﬁange in rate of tﬁevright atrium, in
‘histamine (10°°M), as c;mpared to thgtfin Krebs. |
(b) Shows the rate of the :}ght;atrium indhistamine (10-3M)
plus verapémil (ﬁO“M), as éompa:ed,téy;hat in verapamil
(10-*M). o7
(c) ﬁepresénts the rate of the ﬁight atfium in histamine
(10"Mi and low Ca'* (0.35 mM) Krebs solution. Line through
origin repreéents equ?l éci}vity ratﬁps.

)
.
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Fig. (4.)
Illustrates the average rate of the right‘atrium + SEM in
Krebs solution and relative to ﬁhat the average rate t SEM
in histamine (10-°M), histamine (10-?M) plus metoprolol
(10-"M), histamine (107°M) plus verapamil (10°°*M), histamine
(10-°M) plus low Ca®’ Krebs solution (0.35 mM). The average

rate in Krebs solution represents 100%.
7
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)
Table 2. Right strium rate: metoprolel 1077 4 nistamine 10 3. i
Number of Krebs histamine 1077 + metop. 107 Krebs
Experiment rate/min rate/min % of controtl h time rate/min % of control Y time rate/min t of control
metop./Xrebs maximum histamine + max i mum p Krebs/histemine +
{min) metop. /metop. {min) metop.
! 240 240 1002 0 240 100? 0 246 102y
2 232 232 100% 2 22k : 962 2 y 224 100?
3 280 280 1002 o 265 1101 : M 8ot
& 228 224 98 ' 234 1042 ' 210 891
eon : 235 ¢ 6 234 ¢ 7.6 9.5« 1% 0.75 : 0.9 240.7 + 17 102 - 61 1.2+ 0.9 ‘223 - 16 93 « 10t
$.0.

wetop. = metoprolol
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The average rate in metoprolol was 234 * 7.6 beats/min thus
not being’signific#htly different at p < 0.05 than in Krebs
solution. In Table 22, Pg. 34), the average rate in
histamine and metoprolol was 240.7 t 17 beats/min. This is
not significantly different at p < 0.05, from the average
rate 1in mefoprolol alone, whighlwas (234 £ 7.6). The rate in
histamine (10°°M) plus metoprolol (10°'M), expressed as the
averaée precentage of metopr&lol rate, was 102 + 6%.

The half time fo} the rate to reach its maximum in
histamine (10-3M) with metoprolol (10°-"M), was 1.2 % 0.9
minutes. The average rate after washing with Krebs solution,
was 223 + 16 beats/min, thus being lower than normal, but
not significantly dgfferent at p < 0.05. ” o v

Fig. (2.B, Pg. 28) shows a slight increase in the rate,
from 230 in metoprolol to 265 beats/min, in meéoprolol.plus'
histamine. After washing with Krebs solution the rate
decreases to 214 beats/min.

Fﬁg. (4., Pg. 33) shows that there is only 2%
difference between the rate in Kfebs so}ution gnd the rate
in histamine‘plus‘me;oprOIOI. our results therefore
indicate; that .metoprolol blocks the positive chronotropic
’éffect of histamine on the right atrium. The positive Q
inotropic effect of histamine on the right atrium was also
blocked by metoprolol, but this will be discussed-'

separately.
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} Fig . ( 5_, ) " 0

This represents the computer output .of the rate ofythe riﬁht

Catrium, . o ) o

(h) shows the effects of verapamil (10-®M) plus hlstamlne
(10- ’M)

(B) shows the effects of low C&“ ‘Krebs solution (O 35 ?M
;plus ‘histamine (10°°M). f
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'3.1.3 The effects of verapamil (10"ﬁ1vand histamine (10 °M
In'our experiments we %%tempted‘to block the bositive
chronotropic effee;‘of‘histamine'(10"M), with the following
concentrations of verapamil.‘verapamil (2 x 10-%M), (1.5’xw
10-°M), (1.4 x 10-5M),-(1.35 x 10°M) and (1 x 1o*sm) were
ﬁsed; of which verapamil/Q10“M) produced a blSEking effect
on the rate. The infusion time of verapamil was 2-3 min.
Table ( (3., Pg. 39) represents the data from all nine
experiments performed in this coneentration of verapamil.
The average rate 1in Krebsvaolution was 286 + 17 beats/min.

‘The average rate, in verapamil is less, being 267 * 25
beats/min and sighificanfly different from the rate in Krebs
solutlon~at p < 0.05. The average rate in verapamll (10-°M)

: is 92"+ 8% of the rate 1n Krebs solution solutlon The half
time for the decrease 1is 1.1kt 0.3 min. Howeyer, the averagev
magimum rate in ve;abamil plﬁs histamine is 290 * 46
beats/min. The difference in@rate is not found to. be

ISigniﬁicant at p < 0.05, from the rgie in verapamil (10'°M)

alone. Expressed in percentage, rate in verapamil with

'histaminetis 108'1 17% of the rate in verapamil, or 101
12% of the rate in Krebs solution. The halfvtime to reach
maximum rate in verapahil plus histamine, 1is 8.7vt 9,7 min.
In experiment number four, where there 1s an increase of
rate from 224 beats/mln in’ verapam11 to,326 in verapamil
with h;stamlne,_the‘half t1me for maximum rate is 19

. minutes, thus indicating that the response time was slow,

o
-
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able 3. Right atrium rate apamll 10 M ¢ histamine 107 ¥
Nusber of “verapamil 10°6m <.....v!1_ _o.ex + histamine _o.nx ’ %rebs
E xperiment rate/min fmin ¥ of normal K time o/min Y of control Y of normal L time rate/min R of control
verapamil/krebs (min) verapamil + verapamil + (min) krebs/verapamril
- . Histamina/ histamine/krebs + histamine
“verapami} N
' < ‘304 309 9rt 372 120t oy 3 691
1 288 264 911 264 ) 1001 1R I 1007
3 m 282 T oon 286 1011 - os? 3 230 gor
- 296 224 S5t 326 : 1451 oo 19 298 911
5 32 284 9} 286 ’ 99} 911 ! 68 ;. 93¢
¢ | 260 250 961 246 981 941 ) . 268 “vo8
7 T oaso 256 31 28 89! By . 124 543
) 268 25K 9nt 210 1061 1001 28 176 1020
T 298 186 951 136 1nn . un " 128 97t |
Maan ¢ 186 : V7 167 ¢+ 2§ 92 - 81 1.1 0.3 290 ¢ kb © 108 172 0y o+ 12% 8.7 9.7 256 + 57 B8 - 171
5.0
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The average rate upon Wasﬁing with Krebs solution, was
256 .+ 57 beats/min or 88 + 17% of the average maximum rate
in verapamil plus histamine. | |

Fig. (5.A, Pg. 37) shows the rate outpu%ﬁfrbm the
computer. In this particular experiment, the basal rate in
Krebs qolutibn was 312 beats/min. In verapamil, the rate
dropped almost immediately to 284 beats/min..The rate
decreased further to 266 beats/min, in verapamil plus
histamine solution. The maximum rate achieved was 286 N
beats/min; This effect occured after 25 minutes of histamine
.plus verapamil infusion. The tension was-not completely
blocked at this concentration, but again this will be
discussed separately in detail. Washiﬁg the prepara;ioh in
Krebs solutipn, decreased the rate.jn tﬁis e;periment from
266 to 262 beats/min.

4, : '

Histogram (Fig. 43@@Pg. 33) also shows, that the

ey,
Va o

“

. average ipcreése in rate 'in histamine plus verapamil is .
’blockéd'in comparison to the average rate inlhistamine
alone. |
Fig.‘(3;b, Pg. 31) shdw%,;he rate in histamine (10°°M)
and verapamil (10" M), relathe to the rate in verapamil
(10-®M). Six out of nine points show very slight change in
rate, . from verapamil\ﬁc verapamil plus histamine. Three
points indicaté.tgs increase in rate.

N



Fig. (5.)
This fgpresents the computer output of the rate of the right

atrium.

(A) shows the effects of verapamil (10-°M) plus Histamine -
(107°M). |

d .
(B) shows the effects of low Ca** Krebs solution (0.35 mM)

plus histamine (107 °M).
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3.1.4 The effects of low Ca;‘ Krebs (0.35 mM) and histamine

(10-°M) |

Lowering the éoncentration of Ca** in Krebs solution to
(1.2 mM) or (0.55 mM) did not alter the effects of histamine
(10-°M) on the right atrium rate ofhtension. The
*concentrgtién of Ca** was then lowered further to (0.35 mM)
and this-was found to be the lowest concentratién in which
the rate could be measured, because further decreases in the
concentration of Ca*'; decreased the tension to a low vaer,
which; could not be measured.

In Table (4, Pg. 44), the results of  individual

experiments are represented. The average rate in Krebs
»

solution, being 261 £ 34 beats/min, decreased slightly to
252 + 28 in low Ca®'.Krebs solution. This ¢haﬁge'wa§ not
found to,be signifi&ghp at p < 0.05. The average rate in low
Ca'" Krebs solution was 97 + 16% of the rate in Krebs
solution. Average half time for this decrease was 3 * 3.9
min. The average rate in low Ca*®" Krebs solution plus
histamine was 362 * 49, that being 146 * 33% of the rate in
low Cé“ Krebs solutién, or 139 t 8% of the.rate‘in Krebs
solution. The increase in rate, from low Ca‘"* Krebs'solution
to.low Ca;‘ plus hisﬁamine (10-°M), vas §ignifican£ly |
diffe}ent at p < 0.05..The average half time fof theo
increase was 13 + 1.3 minutes, which is only slightly longer
thén‘the half time for maximumqincrease, in hiétamine

(10°°M) alone. The ‘average rate in Krebs solution wash

maintained at higher value approximately 324 t+ 44 beats/min,

R
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Table L. Right atrium rate: Tow n~f+ Krebs 0.35 mM + histamine 107 M rate/min, . : .
-~
-1 Number of Krebs low Ca*" Krebs low ca*’ Krebs + histamine w0 Tow Ca*" Krebs
Ixperiments | rate/min | rate/min % of normal % time [ rate/min % of control 2 of normal L time |rate/min 2 of control
' ica/xr {min) Ca + Hist™ 1Ca + hist  (min) 1Ca/1Ca + hist
- . /1Ca /Kr
1 238 258 108% 1 336 1307 1417 12 318 9u?
2 302 288 957 2 396 137% 1312 14 344 872
3 2h2 246 1012 \ 314 1279 130% 13 292 923
. r
L} 294 210 71 10 432 205% .ruw 12 3390 907
5 230 258 112¢ 1 336 1307 1hér 15 280 837
xmow : 261 = 34 252 : 28 97 : 16 3 +3.9|362 + 49 146 + 335 139 : BY 135 : BY| 324 + Lh B9 : 4.3
. — -

1Ca = FOL Ca
Kr = Krebs

++

‘ hist = Histamine
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thus being 89 t 4.3% of the rate in‘ldv Ca** and histamine.
This decrease in the rate was not found sign&ficant at
p < 0.05. |

Fig. (5.B, Pg. 37) shows the increase o£ the rate from
238 in ngbs sdlution, to 336 in histamine with low Ca"**

\

Krebs solution.

The positive chronotropic effect of histamine in low
Ca** Krebs solution is also repreéentéd in Fig. (3.c, Pg.
'31), relative to the rate in low Ca'® Krebs solution. The
poihts on the graph are shifted to the left of the median

o

line, indicating the potentiating effect of histamine
(10;’M) plus low Ca** Krebé solution, 6n the rate. In Fig.
(4., Pg. 33), the average'rate in‘hiétamine and low Ca"" 1is
presented as a percentage of the rate in Krebs solution. The
average rate in Krebs solution is taken to be 100%. The
increase in the average rate in igw Ca"* and histamine froé
Krebs solution is slightly less than the increase in

histamine. Thus lowering the [Ca""] to (0.35 mM) prodhced

little effect on the positive chronotropic effect of

histamine.
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3.2 Tension

The effects of the'following substances on the tension

of the right atrium, paced right atrium and the left atrium

were observed: histamine (10-°M), verapamil in different

concentrations, metoprolol (10-'M) and low Ca’" Krebs.

3.2.1 Right atrium

3.2.1.1 The Efféct of histamine (10~ 'M) on the right
atrium i

‘Tablg (5., Pg. 47) shows the tgnsion in mgs/mg. wt.
of atrial muscle. The average terision produced by the
right atrium, in Krebs soluthon was 7.9 + 7 mgs/mg. wt.
Histamine increased the tension to an average of 16.4
+14 mgs/mg. wt. which is 210 + 111% of the average
tensio&iin Krebs solution, (Krebs sélution tensioﬁ taken
as 100%). This was calculated to be a significant
increase in the tension at p < 0.05. The average half
time for thecmaximum tension to be achieved was 1.3
0.9 minutes, which is mucﬁ less than the average half
time for the raté (Table 1., Pg. 26), to achieve its
maximum. After histamine (10-°M) infusion, washing with
Krebs solution decreased the tension to values less than
the basal level. The average tension after washing with *

Krebs solution for 20 minutes, was 6.2 *+ 3 mgs/mg. wt.

That was 42.8 +14% of the maximum tension in histamine .

»

(10-3M). This decrease in tension was also significantly

different from the tension in histamine (10 °*M) at



by

AN

.

Table 5. Rjght atrium tension: histamine 10 3K

Number of Experiments Krebs ot histamine Krebs
tension " tension Y time ? of normal tension 7 of histamine
(mgs/mg. wt.) {mgs/mg. wt.) (min) histaminetkrebs | (mgs/mg. wt.) krebs/histamine
! 8 12.9 - 0.6 1612 S, 4 oL
2 12.8 17.7 0.7 1387 9.9 552
3 22.6 33.25 0.8 1475 18.6 TS
k 7.2 mm..m 2.9 3067 9.8 187
5 2.7 L.9 0.4 1807 2.7 55%
6 1.6 3.6 0.6 2252 0.84 L4o¥
! 3
: 7 4 6.5 1.2 1627 2.1 32¢
8 8.4 13,1 0.9 155% 8.4 6Ly
9 3.k 10.7 2.6 T 2.8 26%
10 1.8 8.8 2.4 3.0 34¢
11 - - 5 15.0 1.6 3007 5.6 ) 377
Mean + S.D. 7.9 «+ 7 16.4 « 14 1.3 - 0.9 210 ¢ 1112 6.2 42.8 + 142




p < 0.0 .

This data also shows, that histamine sometimes
causes a greater increase in the tension than the
increase in the rate (Table 1., Pg. 26). Good examples
are experiments no. 4,9,10,11, in which the tension
increased to 488% of the "Qnsxon in Krebs solutien,
while - the max1ma1 increase in rate (Table 1., Pg. 26)
was 197% of thﬁigate in Krebs solution.

In the.riéﬁk atrium, histamine's positive inotropic
effect preceeds the positive chronotropic effect. Once
the tension reaches its maximum, the rate then starts to
rise to a maximum level. This may cause the slight drop
in tension, as seen on the Fig. (5.A, Pg. 37).

Fig. (6.a, Pg. 42) shows the positive inotropié
effect of histamine on the right atrium. The tension
L"~eased from 1.6 to 3.6 mgs/mg. wt. It reached its
maximum after 5 mingkie in histamine (10°°M) infusion.
This tension was mg Bined for seven minutes. However,
it slightly decreased aé‘the'rate ;ncreased. Washing
with Krebs solution, gradually decreased the ten;ion to
0.84 mgs/mg. wt., which is less than the basal tension.

'Both Fig. (7.a, Pg. 50) and Fig. (8., Pg. 52), show
this increase in the tension during histaminem§10"M)
infusiqn; In Fig. (7.a, Pg. 50) the tension in histamine
versus.the tension in_Krebs solution is. represented, “
showingythe shift of the points to the left of the

graph, indicating an increase of the tension in



Fig. (7.)
(a) Represents the tension (mgs/mg. wt.) in histamine
(10-°*M) in relation to the tension'(mgs/mg. wt.) in Krebs
solution, on the right atrium.
‘(b) Shows the tension (mgs/mg. wt.) of the right atrium in
verapam%& (10-*M) and hisFamine (10°°M) versus the tension
(més/mg.'wt.) of the figgé atrium in verapamil. »
(c) Shows th tensiog (mgs/mg. wt.) of the right atrium in
low Ca*~ Krez; solution of the (0.35 mM) plus histamine
10-°M versus the tension (mgé/mg. wt.) in low Ca’" Krebs
(0.35 mM). Line through origin represents equal activity

ratio.
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\\ : : :
Repregénﬁs gﬁe histogram, showing ‘the mean percentage
difference = SEM in the tension of the right %tridﬁ,.in
.histamine"WO"M), histahine (10-°M) plus meEop:?lQlkM ~
(10-"M), histamine (10’3M)‘with verapamil (?0'?M), histamine
(10- M) plus low Ca°* Krebs solution (0.35 mM), relative to

the tension in_Krebs solution, which is taken to be 100%.
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ﬁistamine. Fig. (8, Pg. 52) shows ﬁh; averadge tension 1in
Krebs solution taken as fOO%. The average temsiop of
histamine and other substances were compared relative to
the value‘éf the tension ﬁn Kmébs solution. The:tension
increase in hiStamine (10°°M) is shown in this graph It

is 110.1 111% greater than the average tension in Krebs

“solution. ™ ‘ ;

%

3.2.1.2 The effects of metoprololl(TO'7M)vplus'histamine
(10-°M) “ o
!Metbprolol (10"M) was found %o block ﬁhe poéitive
inetropic effect of histamine (1073M). As'shown in Table
) , .

(6., Pg. 54), the average tension 1n Kre%%ﬁsolut1on

2

being 3.2 * ]. 2 mgs/mg. wt., slightly decreased to 2.7 +

.4 mgs/mg wt. TpiS'decrease was not found to be
s1gn1f1cant at'p < 0.05. ‘The tension in metoprolol was
in average of 82'1 22%-of the ten51on in Kreb# solution,
The tension in Krebs SOlUthn was taken to be 100%. The
half tlmgﬂfor ‘this decrease was 0.6 + 0.3‘m1nutes. In
h;gtgmine (10°3°M) plus*metdprolol (10‘7M§,.;he average
tension was 312t 1.6'mg§/mgg wt. This slight increase

ih the tension from ' the tension in“metoprolol‘was found

“to be significant at p < 0.05. The average percentage of

’hisg?mine (10‘fM), plus metoprolol (10-"M) was 114 * 16%

of the tension in metoprolol (10f7M), taklng tensxon in
metoprolol (10-/M) as 100%. The avefage half time for

the maximum chqnge was 0.25 + 0.26 minutes- Washing w{th
: . | R E ’ R

- Krebs solutionf decreased.the tension to an average of

I
"
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Table 6. Right atrium tensior.metoprolol :o.JxV + histamine (10 3M) . )
- ~
Number of Krebs metoprolol 10~ histamine 10”1 + metoprolol 1077 Krebs
S Experiment tension . tension ? of control % time tension 7 of control % time _|tensiap ¥ of control
{mgs/ma. wt.) |{mas/mg. wt.) metop./Krebs  (min) {mas/mg. wt.) hisy + (min) (mgs/ Kr/hist
. . gnoo.\a:o.v. ’ L Mg W) metop.
e =
' 1.7 1.5 87¢ 0.6 1.6 1072 0.1 1.7 1067
2 Lo 2.28 55+ 1.0 3.2 1382 0.6 1.6 529
3 3.0 2.28 769 0.5 2.28 - 1007 0 1.0 43y .
4 4.3 4,7 1107 0.2 5.4 1149 0.3 1.9 35°
~ . =
Mean ) 3.2 - 1.2 2.7 < L4 87 229 0.6 - 0.3 3.12 + 1.6 114 - 167 0.25 * 0.26 m,.wm + 0.4 59 320
) )
o ’ i . ‘ ’ o
metop. = metoprolol - M
? " ‘J <
R = e
N - N
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31'55-i 0.4 mgs/mg.\wt., which is 59 * 32% of ﬁhe average
maximum tension achievedvﬁ% metoprolol (10-7M) plus
histamine (10-°M) infusion, This change was significént
at p.<:0.05. éig._(G.b, Pg. 42) represeﬁts a trace of
tension fof metoprolol with histamine. The slight
decrease in tension, from 3 mgs/mg. wﬁ. to 2.28 mgs/mg.
wt., occursﬂduring the'metoprolol infusion. However,
metoprolol with histamine did not produce any increase
in the tension. Washing with Krebs solution produces a
gradual decrease in the tension, to less thanvthe basal

o<

tension, ‘ _ . ,

‘Fig., (8., Pg; 52) shows\respénses to'metdpfolol
(10°-"M) piﬁs histamine (10-3M). The tension'was.
expressed in the average percentage, relative»to the
éverage tension in Krebs solution, Krebs séf&lion taken
aé 100%. According to the histogram, the éverage tension
in hiétamine and metoprololvis 3% less than thé tension
in Krebs solution.

’ Our’observatiéﬁS-show that metoprolol (10-"M)
éntagdnizes theﬁgégitive inotropic as well és the
positive'chronoér;pic effects of histamine (10-°M), on

the right atrium. A

a

3.2.1.3 The -effects of .verapamil (10-°M) plus histamingxi
(10°3M) | |
While the positive chroﬁatropic effect'o& histamine ,
.(10‘3&) on.the right-atrium, was blockedwby verapamil

(10°°M), the tension was not always blocked ag this
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conceqtration. Table (?.4 Pg. 57) shows that the average
tension of 4.9 + 2.7 mgs/mg. wt. in Krebs solﬁ£1on
decreased fractionally to 3.9 + 2 mgs/mg. wt. in
verébamiﬁ (104‘M) thus being 94 % 10% of the tension ia
Kfebs solution Th1s decrease in tens1on was not
con51dered 51gn1f1cant at p < 0. 65 The average half
time for the decrease was 0.05 % G 08 Jfinutes.
Throughout the majorlty of the exper1ments, the g;nsxon
&id ?ot‘decrease,at all dur1ng the .3-3 minutes of the
verapahil infusion. In six eut of nine experiments,
verapamil (10-°M) dia not block the histamine,(10"M)
positive inotropic éffect on the right atria, while nﬁe
'positivé,chrohofropic effects was‘blogkéd in .all of the
experiments (Table 3., Pg.139). The éfer§geltensfoﬁ in
verapamil (10-°®M) and histamine (10°°M), during ité 30
minutes infusi;n was found td be 5.5 # 3,8 mgs/mg. wt.
Even though this difference in tension, bétween
lverapamil (1d;°M) and verapamil (10-®M) plus histamine
(10-3M) was foundﬁnot‘to be significant at p < 0;05, the
results showed, that fhe tension was not consistently
blocked. Therefore this led us to use a higher
concentration of verapamil to block the positive
inotropic effect-of histamine (10"M), which will be
discussed separately. |

The average of 5.5 t 3.8 mgs/mg.bwt. of tensiOn in -
histaminé (10‘3M) and verapamil (10-°M), was 139 % 45%

of the averaq&igenSion inhverapamil, or 128 * 34% of the
_ : " . D :

L
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Table 7. Right atrium tension: verapamil (10 6M) .&11-;_3 (107 m) .

Number of Krebs verapamil (1.0 u.enm-& verapami| (1776M) + histamine A_onumww,. Krebs )
Experiment| tension tension t of norms? L time tension ? of control T of normal N time tension ? of control
{mgs/mg. {mgs/mgq. verapamil/xrebs {min) (mgs/mg. wt.)} verapami] + verapsmil + (min) (mgs /mg. krebs/verapamil
wt.} wt.) histamine/ histamine/krebs o .(n.v + histamine
verapamil °
) o
\ 3.7 3.7 100t 0 3.0 1R 819 X 0.2 - 1.8 . 49%
2 2.0 2.0 1001 0 . 1.6 80y 80%- 0.2 e 877
3 3.7 1.6 97t 0,05 6.0 1661 1627 0.5 2.7 62
L) * 10.8 8.6 802 0.2 4.0 1632 _.Nww -~ 0.3 .m.r w.w.\
5 N7 87 1003 0 6.1 1307 1301 T 0.6 2.8 h63
6 1.3 0.9 ne 0.2 1.8 2002 1382 - 0.5 0.8 LT¥
b 4.9 4.9 100t 0 8.6 1762 o et Y 3.9 L6y
8 3.0 3.0 1002 o ws 1501 1502 0.3 2.5 552
9 "3 3.7 1007 Y 3.9 1051 1052 0.05 3.2 8us
Mear :} 4.9 -2.7 |3.9:2 9k + 1p2 0.05 - 0.08 | 5.5 : 3.8 139 + 432 128 ¢+ 342 0.47 - 045 | 2.7« 1.k 55 +-17.7
$.D. -




58

average tension in Krebs solution. The average half time
for this change from vérapamil to verapéﬁil with'
7.histamine was 0.47 ¢ O.QS'min. A decreage in the tension
followed washing of the pfeparation with Krebs solution.
The tension decreased to an average‘og¢2.7 + 1.4 mgs/mg.
wt., this decrease being significan;li\different at
p < 0.05. This tension in Krebs solution was on an
average of 55 + 17.7% of the maximum tension in
verapamil (10-°M) plus histamine (10-3M). Fig. (6.c, Pg.
42) respresents the'experiment,'in which one can observe
the tendency for the tension in verapamii plus histamine
,to increase. In this experiment the tension did not
change, being 4.7 mgs/mg. wt., which is the same as the‘
tension in Krebs solution. In~histaminé plus verapamil
the slight increase in tension begins after 15 min from
the start of fhe infusion. The maximum tensidn was 6.1
mgs/mg. wt. The .tension diminished gradually as the
solu:ion was changed to Krebs solution. A
. In Fig. (7b, Pg. 50),'£he tension in verapamil plus
histamine versus the tension in'verapamii is
represented. Most of the points on the graph show a
,sHiftito the left sidebof.the graph, indicating that
" verapamil (10-°M) does not block the positive inotropic
‘effect of histamine (10-3M), In the histogram, Fig. (8.,
Pg. 52), the average percentage of verapamil and
hiétamine relative sto the tension in Krebs solution and

to histamine average tension, can be observed. Krebs
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solution 1s taken as 100%. The average ingrease in
tension in verapamil (10" ®M) plus, histamine (10"M) is
less than an average responée'in histamine (10" °M),
However, comparing it to the tension in Krebs solution

»

it is increased by 28%. ” : ,%
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3.2.1.4 The effects of low Ca"" Krebs solution - (0.35
mM) plus histamine (10" °*M) _ <;

Lowering the [Ca“*] to 0.35 mM in Krebs solﬁt&onf
decreased the tension on the right atrium. Histamine
(10°°M), in low Ca'" Krebs solutioﬁ does'hof.show an
increase in tension, while the increase ih rate 1s
observed, as discussed previously.

The average tension in Krebs solution, of 1.9 % 0.3
mgs/hg. wt., decreased to 0.86 * 0.3 mgs/mg. wt. at the
end of 15 minutes infusion of low Ca'" Krebs solution
(Table 8., Pg. 615. This was 44 * 12% of the tension
measured inmthe Krebs ssolution. The difference is
sighificant at p < 0.05, with the average half time
being 1.9 + 0.5 min. When histamine (10 °M) and low Ca""-
Krebs, were infusing the preparation for 30 minutes, the
average tension was célcplated to be 0.8 + 0.5 mgs/mg.
wt., thi; being of no sjgnificant difference at
p < 0.05. The average tensién in low Ca** Krebs solution
plus histamine (10-°M) was 93 * 36% of the éverage
tension in low.Ca‘:, Krebs solution or 41 + 22% of t%e
tension in Rrebs solution. The average half time of 0.5
+ 0.4 minutes,.was calculated for this slight change to
occur, from low Ca‘'" Krebs solution to low Ca’" Krebs
soiution with histamine. Washing the preparation with
low Ca** Krebs solution, decreased the tension further

to an average of 0.4 + 0.2, this being 52 + 12% of the

tension in low Ca** Krebs solution plus histamine. This
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Teble 8. Right atriue tension low ca" Krebs (D.35 mt) ¢ nistemine 30.,‘:&.

—
wowber of Krebs Yow n.! Krebs Tow n-x Krebs + Histamine So. M) \ Tow m-t Krebs \
fapariment | tension tension t of normat - Y time tenslon ~ of control t of normal Iy time tension ? of controt

(mgs /mq . (mgs /=g Tow Cat*/Krebs tmind Imgs/mg. wt } Tow Ca*t ¢ Low Ca*t » (min) (mas/mg. wt.) tow Ca/low Ca**

wt ) wt ) . nigtamine/Low  histamine/Krebs 4 histemine
- Ca** : :
1 1. & 0 352 2. 0.5 1007 wﬁ.u 0.1 0.2 k2%
2 2 _c 611 1.0 o7 562 33? 0.7 0.k 57t
3 2 0.7 32t 2.2 o7 100? 331 ] 0.35 501
N I8 0.1 19? 2.3 0% 611 22t 0.6 0.28, 7¢?
5 7.0 1 531 1.9 1.6 1462 g0t 11 0.7 432
. -
wea - l19-03 |0 03 YRR F3! 1.9 - 0.5 0.8 -05 93 - 367 L1220 0.5 - 0. 0.k -0 52 - 12%
s .
L |
N

7
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difference is not Signijficant at p < 0.05. When the
preparation was$s Qashed Q}th Krebs‘solution the tension
returned to basal leve),

Fig. (6.d, P3. 42) represents a record from one of
the experiments. This thW? the decrease 1n tension from
2.1 mgs‘mg. wt. !N Kreps s5lution, to 0.7 mgs/mg. wt. 1n
lower [Ca“']. ThiS loy :ension is not increased when
hiéﬁamine with low Ca-. Krebs wasg infused into the bath,-
;~;thus indicating that tye diminished LCa’ﬂ], éntagonized
'_the‘histamine effect §£ the tension. The rate diminished

Conly slightly (Fig. 5.y, Pg. 37) Fig. (7.c, Pg. 50)
shows, that the tensigp in low Ca'* Krebs solution with
histamine, in comparigen tO low Ca‘'  Krebs solution |
eéther maintaiﬁS‘the same Or decreases. Fig.v(8.,lég,
52) also shows, that the average tenéion in low Ca*:
Krébs solution with hjgramine is 60% lower ;hén the
average tension 1n Kreps s0lution and 88% lowe; ;han the

average tension 1N vergpamll plus histamine.

3.2.2 Péced right atrium

The right atrium “aévdissecteq, the pa;emaker being
removed so that the effects;of”the following substances, on
the te. sion alone could be bbserved: histamine (10" °M),

Verapamil (10-5M) and low Cé" Krebs solution (0.22 mM).

3.2.2.1 The effects of phistamine (10 °M)
Histamine (107 *M) has a posigive inotropic effect

on the paced right atrjum. Table (9., Pg. 63) shows;’



-7 : Number of

S - - R
.. . , T
Krebs tension histamine - . Krebs X .
Experment (mgs/mgq. wt.) ¢ of control time SN tension 7 .t of contral
histamine/Krebs - (mgs/mg. wt.) * Krebs/histamine
- %
2530 1.4 1.8 254
200* A2 2.25 20. 8¢
, 139? 2.4 , . 8.4 237
258%: 2 5.8 297
1667 0.8 1h.2 Lov
172 ! L.9 337
1832 1 15.5 .w_w
189 0.8 9.3 35
) 181" ) 7.7
3 2157 - 57 Ik 0.6 . 8.8 « 5.4 29. 4% - 67
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that the average tension in Krebs solutjon of 13.8 + 7.8
Qg‘s/mg. wt., binc‘reased to an average .of 28.8 t 16.3
Amés/mg. wt. in histamine (10" °M). That was calculateé to
be of significanﬁ difference at p < 0.05. This is an
average of 215 + 57% of‘th% average tension in Krebs
solution. The ave}age half time for this increase was
1.4 + 0.6 minutes, while‘the average h;lf timeHof the
right atpium 4ith-intact pacemaker was 1.3 + 0.9 min
(Table_S.:‘Pg. 47). The average tension in Krebs
solution was 8.8 * 5.4 mgs/mg. wt., this being 29.4 % 6%
of the awerage maximum tension in histamine. This
' differencé'is significant at p < 0.05.
Fig. (9.a, Pg. 66) is an example of the tension
response from one‘of the exberimentsl As histamine began

to infuse the paced right atrium, a latency period of

seven minutes was observed before the tension began to
[

increase. In this particular experiment, the tension
increased after a period of 10 minutes, from 5.4 mgs/mg.
wt. in Krebs solution, to 10.8 mgs/mg. wt. in histamine,

L 4 . .
which is an increase of 100%. This tension returned to

less than a basal wgﬂﬁg, in this partigplar/case to 2..25

[

mgs/mg. wt., when washed with Krebs solution. This is a

significant decrease at p < 0.05. |

Fig; (10.a, Pg. 68) represents the tension in
histamine (10<°M), relative to the tension in krebs
solution. All the points 6n thé(graph show an increase

o

in the tension in histamineﬁ@



L - Fig. (9.)
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Thosg/éraces show: , ;
Sl .
(a) Effects of histamine (10°°M),.on the tension of. the
paced rigJ; atrium.
(b) Effects of verapamil (107°M) plus histamine (10°°M),
the ‘tension of the paced right-atrium.
y < . B ‘ . -.‘ - ’ . ' ! . K »
(c) Effects of 'low Ca"’, Krebs sqglution plus histamine
(10-3M) on thé tension of, the paced right atrium.
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.Sig. £10.) representsﬁi \
‘(a)'Thé tension/of the paced right atrium paced in histamine
’k10"M), in relation to the tension in Krebs.

(b) The teﬁsio in verapamii (10-5M) plus histamine (10'3M),
in relaﬁion to thé tension in’verapamii (10-5M), on the
paCed right_aﬁriﬁm. N t |
(c)kThe tension in low Ca" " Krebs (b.?Z ﬁM) plus histamine
(10"“?, relative to the tension in low Ca~* Krebs'solu;io7/\\
_(0.22 mM), on the paééd right atrium. Line through origin

represents egual activity ratios.
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In the histogram (Fig. 11., Pg. 71), the average
tenSion in Krebs solution is taken at 100%. Histamine,

verapamil with histamine, and histamine in low Ca"®

Krebs solution are represented relative to the tension

in Krebs solution. Histamine (10-°M) caused the tension
to increase 115% from the average tension .in Krebs

solution. .

3.2.2.2 The effects 6fnverapamdl (10-%M) plus histamine
(10-°M) | 4

The effects of verapamil (10-*M) and histamine
(10-°M) on the tension of the paced right atrium were
observed. After ﬁnsucEeigful trjals to completely block
positive inotropic effect‘of histahine with Qerapamfl,(?
x 10-%M), (1. 5 X 10'°M) and (1.8 x‘10"M) ;verapaﬁil

(10-°M) was useé next, but with the short infusion time
. . Y

of two min. The mean tension ih Krebs solution, was 10 *
¥

"
bt

10 ma;/mg. wt. as ‘shown in the Ta@le,(ﬂon,'PgL ' This

ten51oﬁ decr@lsed t% an aver#gel@f 4,7 * 2.4 in

verapamll (10- 5M) 1nfu51on. ThlS decrease in tension was
51gn1f1cant at p < 0 -05. &t the end of thlS short time
of verapémil (10‘5M).1n£usq‘ﬂ, the ‘tension decreased -to

81 + 48% of the average ten51on in Krebs solutlon,

taking the tension in Krebs. SOlUthﬂ as tOd%\ The ;;&m“ngﬁé
avera;e half t1me§for thls decrease in ten51on was 0.7 ¢,»“
0.5 minltes. Histamine (10%3M) plus verapamll (1065M)

decreased the ten51on further, so that- the average
L 3

tenslon was 2.4 %+ 1.3 mgs/mg wt.; which is 52.5'% 20.1%
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L -,
histamine (10-°M),
and histahine (JO"zﬁuin,loﬁ Ca** Krebs solutionv(0.22»mM),

@Flgo (11-1 ._‘A

‘This represents the average ten51on + SEM in Krebs solution

(taken as 100%) and relatlve to it the average tension in

histamine (10'3M) plus verapamil (10° M)

" N " A\ : .
on the paced right atriums

dy

st
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Wumber of Krebs verapamil (107 W) histamine (1073K) + verapamil (1075H) Adrenaline
Experiment tension. | tension %t of control L time A tension % of control K time tension
’ A!nm\!w.. (mgs/ma. wt.) verapamil/krebs {min) N eraou\s@. wt.) histamine + Histamine + - (min) (mgs/mg. wt.)
we )2 |- ) ) verapamil/verap. verapamil/krebs ~
T = & S ) .
' h.k 9.6 661 0.5 B 3.8 401 : 261 Y 10.8
2 L 6.9 3.6 521 1.0 . 1.8 502 12% 0.6 12.6
3 &k 3.4 782 0.3 . 3.1 . 922 70% - 0.4 12.6
& .7 2.5 661 ok s 612 0% 0.7 .
5 3.1 2.9 932 : 0.1 £ . 0.96 332 30% 1.0 3.29 .
6 6.2 3.6 . ¥isBy 0.6 . 2.5 702 403 10 8.
. -
: 7 39 7.5 : 21 . st 60% : 13 0.
. 8 7.2 2.8 so02 0.9 E- S 51t 19% 0.3
9 5.5 A5 822 0.3 0.7 15% 132 1.0 6.5
10 1.0 6.5 651 . 0.7 3.5 533 352 0.6
10 = 10 b7t 2.4 81 : k83 0.7:05. | 2,413 52.5 2 20T . . 29.6 = 18% 0.6 + 0.3 8.3 ¢+ 3.6
. i > .

* verap. = Verapanmil ..
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N

of the average tension in verapamil (10°*M) adone, or
29.6 + 18% of the average tension in Krebs solution.
This change 1in tension was found to be significant at

p < 0.05 with the average half time of 0.6, % 0.3 min.
: ) :
In some .experiments, adrenaline (10 °M) was

injected into the bath<at the end of the experiment. The
increase in tension was ve' plarge. As shown in Table

(1Q., Pg. 72), the average ten51on in adrenaline wqiLB 3

+ 3.6 mgs/mg. wt. for five experlments. ThlS was a four

fold increase from the tension aftegﬂverapamll plus

iy
R ‘
el ® g

histamine. : : L

Fig. (9.b, Pg. 66) is a typlcal_reeb:d‘for a
experiment w1th verapamll (10‘jﬂ) The'tension of 6.9
o &»‘ . ‘
mgs/mg. wt. started to decrease ‘almost 1mmed1utely as

verapamil (10"5M)‘was 1nfu5ed in the bath. The ten51on
decreased to a value of 3 6 égs/mg‘ wt,) after‘two
minutes. Infusion of the paced rightkefﬁ{um; with |
" histamine (10-°M) plus véfapamil (1Q’§M),odid'hot§ef
increase the tension.'Instead, the tension decreased

even further to a value of 1.8 mgs/mg. wt. Adrenaline

2
(10-5M) increased the tension five times, after its

injection into the prepara&ion bath; thus reversihg
FS

‘verapamll‘s negative 1notrop1c effect.

-

F1g (10.b, Pg. 68) shows all the points

2

represehtingithe ten51on of the paced right‘atrium in
verapamil (10- M) with‘histamine.(10'°M), relative to

the tension in verapamil (107°M). The points are below

ey

&



the median line, to the right. This represebtb the
sdpression of the tension in verapamil plus histamine,
In Fig. (11,, Pg. 71), the tension in histamine
(10-°M) and verapamil (10-°M) is presented in relation
to the percentage of the tension in Krebs solupidh.
Krebs solution is taken as 100%. The average tension in
verapamil plus his;amine*iee70%'1ess than the average
tension in Krebs solution, and 185% less than the

average maximum response in histamine (10-°M) alone.
" ,

3.2.2.3 The effects of low Ca'* Krebs solution (0.22 mM)

The effects ofﬂlow Ca*®" Krebs solution of (0.22 mM)

i

plus histamine (10‘3M) was observed on the tension ofng

*

the paced right atrium. Lowering the$goncentrat1on of

ca** to (1.9 mM) and (0.5 mM) did not alter.nhe‘

n

p051t1ve inotropic reponse of hlstamlne (10-°M), except

for the 1atency perlod of the response which was was .«

&

prolonged. . . o

T

;Vi,;Table-(11., Pq.

decreased from an average of 9.3 % 3.3 mgs/mg.- in

7Hshoys- that the te”s”“

Krebs solut1on to an average of 3.3 % 1 7 mgs/mg wt. in

low Ca*"’ Krebs_solhtion, this being significantly

different at p < 0.05. The average half time for the

' decrease in tension &Q5)1.7 + 0.6 minutes. Tension in

low Ca** Krebs SOIQtion with histamine (10‘3M), was 4.7

t 2 mgs/mg. wt., this‘being 40% higher than the average
tension,in low Ce“ Kreps solution. This is not found to

be significantly different at p1< 0.05. Comparing the
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Table }1. Paced right strium tension low n-t.anva (0.22 mt) + histamine :o-uxv.

“

Wusber of Krebs low Ca*" Krebs (0.22 mM) “low Ca {0.22 mM) + histamine 16 A ) Tow Ca*” xq‘ Ao.m«nﬁx
Experiment tension tengion 2 of no h time tension’ ? of control W of normal L time ., tension 2 of control
?-ca\"aw.. Kmgs/mo. wt.) (s bs (min) (mos/mg. wt.) 1Ca + h/1Cs 1€a + h/Krebs {min) (mgs/mg. wt.) 1Ca/h +wu &2
w - ~
) .9 5.3 52 i 2.4 459 N 20% 0.5 2.4 -
X B ¢ ’ i
2 7.7 2.0 26% 2.5 6.1 305% 792 1.8 1.1
3 %0 5.0 151 14 5.5 110 Yot 0.1 2.0
A 3.8 0.6 172 2.5 5.9 9801 4.2 o’
5 7.9 2.9 3 1.2 1.6 572 0.3 0.83 .
6 n Ak 40* N 6.6 1508 ., 0.1 11
Meon ¢ 9.3 u.w.w 3.3 ¢ 1.7 33.3 ¢ to} — 1.7 + 0.6 _..w:u 62 + 50% 1.4 £ 1.7 1.3+ 0.8 31 + 35%
s, | o
. m 4 . &
. N

1Cs = Low (a

n e WigaRmine
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average percent%ge bf the tension in iow*@a“fx bs
"&
Ty, b .
solution with, hxstam1ne (10-*M), with. the average
. e _ ‘ I
tension in Krebs solution taken as 100% at was found
’

" that it was 62 * 50%. When washed with low Ca"'Kreb§
solution the tensjon significantly decreased toman

average of 1.3 + 0.8, or 31% of the tension in low Ca'’

with histamine, Figwqﬁs.c, Pg. 66) is an example of an
experiment in 0.22 mM concentration of Ca'’. In this

particular.case, the tension of Sﬁmgs/mg. wt. decreased
: ’ g , ‘ oo
by two thirds in low Ca’’ Krebs solution. The s11ght

increase in tension wds observed after 25 minutes in
histamine and low Ca** Krebs solution. | .

Fig. (10.c, Pg. 68).shbws that in relatiqnyta the
tension in low Ca*" Kreba_soiution, the tension in low

. - N " C 4 /i'bl "r'.\ .
o Ca" Krebs solution with histamine'(10‘3M)'i%creased,

i

the points being mostly on the left side of the median

]

- line. ‘ - ‘;'f?w

In Fig. (11,, Pg. 7ji the decrease.in the average,
tension in low Ca’" Krebs SOlUthﬂ (0.22 mM) and |
histamine (10°°M) is shown relatlve to the Krebs '

@FOlUthn an@(}o the average histamine (10‘3M) response
'/

However,‘the average tension in low Ca“ Krebs solution
w1th hlstam1ne increased, relatlve to“the tension in

A K v
histamine ( - 3M) w1th verapamal (JO'SM).e . -

-

-

r
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3.2.3 Left atrium

On the paced leftaap}ium,}the effectsldh-the tension of

histamine (10 M), metopfoloi (JO*’M) plus‘histamine
€ :

(10 °M), verapam11 (1.5 x 10 “°M) plus hlstam1ne (10°*M) and
. . 3{

low Ca"" Krebs plus hxftamlne (f ’M) were observed.

' "h. -

hlstamgne (1@“’M)

-

3.2.3.1 The effsciadiaf

‘a

Table (12.‘: . 8) representsvthe deta for the
experiments periwd on the left atrium w1th hlstamme
(10-°M). The bﬁéyease in#he tension produced by

hlstamlne cantié‘Seen“in this table. The average tension
in Krebs solution belng 15 11'mge/mg. wt., inc£gg§ed///'
significantly at p < 0.05 to an average of 28 t‘20

&

mgs/mg. wt. This is 190 * 64% of the tension in the
s o
‘Krebs solutioq. The average half time or maximum

response is 1.3 * 0.9 mgs/mg. wt.,. which is the same as
the average half time for maximum'response inéthe right
atr;um (1.3 mgs/mg. wt.) an paced ridht atfi;m_(1.4
mgs,/mg. wt.). The tension after washipé in Krebs
.. solution, decreased to an average of 10 + 8, being 39
+ 10% of the maximum ten51on in histamine (107 °M), «and
51gn1f1cantly d1fferent than hlstamlne (10~ 3M) averad%
tension, at p < 0.05. . ~
The example of the effect of hlstamane (10‘3M) on
the left. atrdum ted51on is shown in Flé' (12 .a, 80)
After a period of seven mlnutes, the ten51on\§tarted to.
"increase from 32 mgs/mg. wt. in Krebs so;ntioﬁ,lto reach

R < S o . N
iits max§ﬁym‘bf 65.mMgs/mg. wt., after~20 finltest

NS

»

i o

e
\ .

N Lo
Oﬁl\""‘, KT U
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Table 12. Left atrium tension: histamine 10 M : - ) e N .
% . - .
“~ R Tl
Number of ‘Krebs ) histamine : L - “Krebs - R o
& — —o : - ~ -
Experiment tension A tension L time 7 of control tension % of .control
{mgs/mg. wt.) (mgs/mg. wt. (min) hlstamine/Krebs (mgs/mg. wt.) Krebs/histamine
P - - = — v J — "
) AR "
. ! . A - ~ .
\ T3.3 6.7 T2 204% ° ¢ 2.1, 31% c
- ’ » A
2 33 7 Ly, 2 0.5 1247 _ 21.4 & : 529 o
3 . 8.7 15.0 1 1729 4.9 g B -
4 _ 26.6 48.8 : i 1832 - 155 e v T
L . . -2
5 4.8~ 50.2 3 T 3539 . 12.5 | 2k%
6 3.7 5.4 - 0.4 146" (42 60% .
. 7 .
7 10.0 - 21 .4 2.2 V-BS " 8.0 377
+ , - . N N
8 N.6 6L4.9 2 2057 26.6 . , b1y
. L ‘,., - ]
S 3.5 171 0.8 1809 5.7 i ' 33% Tl
10 V0.1 13.9 0. * a3y 6.2 Vg
Mean 15 - 1) 28 - 20 - 1.3 -.0.9 190 - 64Y 10.6.": 8 39 + 10%
- .
5.D. ’ .
.
— i < #
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Fig. (12+) .
‘The trac1ngs show:. f : , g

’(a) The effect of h15tam1h¢ (10 ’M) on the tens1on of the

1

- ‘ o N
left atrxum ’ v R . .

(b) The effect of metoprolol (10*7M) plus h1stam1ne (10- Qh)
L

on the left atr1um ten51on.

L
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hirstamine. This maximum tensfon vas maintaine&”while
histam1ne vas being 1nfused After-wash1ng the atr?um
with Krebs: solutxon, thé tension graduélly decreased*to

", the basal value.' ‘ ‘ ,

\ "' In Frg (13. a, Pg 84), the"pztentiating effects of
hlstamlne on the left atrlum ten51on can be observed,
since all. of the po1nts,‘exce§t one, fall to the left of
the median line.

In Fig. (14., Pé.VBS)ithe peSieive inotropic_effect,-
,of histamiﬁe (10°°M) is sheyn‘;gleygve'to’the.average’

tension in jKrebs solution, where av

Krebs is taken as 100% It can be observed that

\

tension 1n h1stam1ne shows an 1ncrease of 90% from’ the

tertsion 1n Krebs solut1on. : c S

Fig. (15., Pg. 88) shows the computer output of an

individual contracg1on in Krebs solutlon and in-

"'\

hlstamlne (Tq M). \Certa1n parameters observed in Krebs
/
solut1on and/1n histamine for the s1ngle contract1on are'

shown in Table . (13., Pq. 82)

Thls data shows that h1stam1ne (10- ’M) decreases
. ' ~
the latency .period, contraction time as well as

relaxatidn time and total contraction time. The'peak
\g\\\ tension as well as the rate of contraction and
\glaxatmn are 1ncreased *roxmateﬁly two fold from

\

Krebs SQlut1on.

e
.

\\\;



" Table 13. Left atrium - single contraction analysis fom
_histamine (10°°M) ‘expressed as .‘xpf-'-réan;foi ‘,(Krebs) . :
- s v, . . o B X . . ) . {

w2 B .

latency pgrio& e ‘ ‘ ‘ | - ‘f " 89%
contraction time ’ B R T
) relaxation time 4 o e - 91% R S

total twitch time. - , } 88% , .
: o . - %

. . o e - A c
'$eak tension - , _ S 270%
rate of COntractidn/mseE ' . ' j?l%~ R .

4

rite'of relaxatioﬁ/hseé o o 325%
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rig. {13 )

"ta) The tcn:ion of ‘the' 1.:: .m in hisumi%e (m-’m m._" !

"vetapamil (1 5 x 1,0"!!)

telltfbn tQ Krnbl.. .;-'~ R u‘?"

(b) The tension o£ hisgimine (10 ‘M) plus verapam;l (1. 5 x-

10-M) on the lett atrium in relation to the’tension in .

‘f(c) The tension of histumxnc (10 ’M) plus low Ca** Krgba

’?solution on the 1eft atrium relative to thﬁ tension in low

. Ca*t Krebs solntion (0. bz mH). The line through origxn

' reptesents eq‘al q.tivzty ratxos. |
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rig. (11.) i. a hiltoqum shouinq tho uvorugv tonnion o! the

lntt atrium in- Krebs + SEM- (Vthn as 100%X) and relative to
it tho average tcnsion t SIH in hiléi?ino (10"!4 hittamino
(10"!) plu: mutcpuolol (10~ ™), hiltamino (10- 'M) plus.
verapnmil (1 5 X 10"") and hiltumina (10-2M) plus 1Qﬂ Ca**
' Krebs solutioh (0.22 mM) . A T



300% Left _Afrium Tension
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'riq. (18.) |howa the co-putor output of the ﬂdividual

cont:actions per msec ot the left atrium in Krebs lolution o

T

(solid line) and histaminﬁ 10"N intuaion (dotted lino).

s A
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Yobte 18, Laft strius - asteprolel (1077 & Sistamine (1070m)

-

=

.

Susber of | Krabe secapratel (10°7W) nisteming {1077) * myroprolol {10°7) Krebs
D‘q.lnﬂ anslen N'!’ % of sant ...n—ﬂ- tension % of centrot Y -“I “1.; tons lon % of contrel
(oge/uny. . -rey. min (mge/mg. wt.) Nistoming ¢ " “(men /mg. wt.) Krobs/histemine
lnu l(’-u. nps/mg —top. featon. (mgs/mn. wt.) pfiadon
[ { R (3} m { W 1.8 108t 0.t ~ 5.6 .m
2 5.9 62 wit . ¥ ‘m °.s, vy < 100
3 1.6 6.9 b1} 0.2 3.6 50% 1.0 1.4 nt
. 'R s.0 _1on 0.1 " 1018 0.1 1.8 Y
o 2 7.8 2 %2 7 s 9% 11} e.2: 0.} 6212125 % :in 0.4 2 0.4 $:2 83 2 2%
s.0. . .
-miep. = mtepreie! .
- . - ~
ot
4
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(10-'M)

¢

Metoprdlol .(10-7M), blocked the positive inotropic

- effect of histamine (10”!3.gon the left atrium in all

experiments. Téble (14., Pg. 89) shows, that the aveé!g,\””

teng}on of 7.5 % 1, 2 mgs/mg. wt. in Krebs solution i
solutlon decreased slxghtly to an average of 7 ¢ 1.1
mgs/mg. Wt., this being 95 % 11% of the average tension
in Krebs solution. The ditterche vas. not significant at
p < 0.05. The, average half time for the decrease was 0 2
+ 0.1 min. Histamine plus metOprJgol did not
‘significaAtly decrease the mean geﬁsion at p < 0.05. The
average‘t?nsion vas 6.2 # 2.5 mgs/mg.'wt."in‘histﬁmina
plus metoprolol This was found to be 86 + 27% of the
average tension in metoprolol. The average halt t1me for
this value was 0.4 + 0.4 min, Wash1ng with Krebs
solut1on, usually dxmxnxshed the ten51on further to an

average of 5 t 2 mgs/mg. ut., this be1ng 83 ¢+ 12% of the

»

ff‘” 3

tension in histamine plus metoprolol. The tension in
Krebs solution wash, was also 44% less than the‘b@sal ‘
teﬁsion. | |

rig. (12.b, Pg. 80) represents one of such

experiments in which the tension response can be

[
served. In;this particular experiment metéprolof\

(10-"M)° did not decrease the tension markedly. Histamine

(10 °M) with metoprolol (10-"M) decreased the tension

~ fractionally. At the end of 30 minutes of infusion, the

o

3.2.3.2 The effects of metoprolol (10°'M) plﬁs‘hiqtamine ’



-~

tension increased slightly, reaching the valuewof 8.4
'mgs/mg, wt. as it mas in Krebs solution. v

) The average tension in histamine (10->M) plus
metoprolol (10-"M) is shown in Fig. (14., Pg. 86),
‘relative to the average tension in Ktebs solution, Krgbs
solltion taken as 100%. This shows the decrease in the |
aver{ge“tension of histamine plus metoprolol from the

average tension in Krebs solution and from histamine

(10°°M) . '

#

3.2.3.3 The effect; of verapamil (1.5 x 10°*M) plus.
- histamine (10”ﬁ) |
Various concentrations of Verapamil‘were qsed in

_the_éxperimehts, to.elock the histamine (10-°M) positive
inotropic effect on the left atrium, verapamill(1 X
10-°M), (1.4 x 10-°M) were used, but none blocked
cons1stent1y the effect of histamine on the tension.

. ‘However verapam1l (1.5 x 10-*M) antagonized the positive

inotropic effect of histamine, in the majority of the

experiments. ‘ ——
. . ' v S
Table (15., Pg. 92) shows nine experiments, of
which only one demonstrates Ehe positive inotropic  f

effect of hlstamlne in the presence of verapamll. The
.average tens»on of 10 t 7.6 mgs/mg. wt. in Krebs
vsolut}on,,decreased sl1ght1y to an average of 6 £+ 4.7
mgs/mg. wt,, in verapamil infusion of 15 minutes. This
‘'was not a 51gn1f1cant d1fference at p < 0.05. The

-

average tension in verapamil decreased to 60 + 12% of

- “



3

s

e - . .
o N - g - <
'] : A
. ¢
'y - . - . S .
Table 15." Left atrium tension,/ histamine 10 3n + verapamil 1.5 x 10 6N, . ]
- w) _ s ‘ : .
Mumber of e verspani} (1.5 x _o|m-.$. histamine (1073K) + <n_,-mm=_: (1.5 x 107¢n) . Krebs .
Experiment | tension tension ? of control’ 3 time tension . % of control , : Y of normal 5 time ‘tension 1 of contro)
" | (mgs/mg. (mgs/mg. verapamii/Krebs (min) (mgs/ma. histagine + histamine + (min) {mgs/mg, = " Krebs/histamine
’ wt.) wt.) . . . Cowt.) verap,/verap. verap./Krebs wt.) + verapamil
THT v ] 16 B 11 0.8 . 42.5 ~ 265% 12t 2.9 7.3 7%
U 283 5.3 ° 6u2 0.5 5.9 . g . 0.1, . 2.4 wr
. 3- |58 2.8. 53 0.8 2.8 007 - 51 o’ 6 56!
w1 2008 8.6 - k3% 1.3 9.5 ~ g ug ™ 0.1 2.6 272 ;
L5 b 5.8 3.4 58 0.5 ~.wf .\ 852 50% 0.1 1.9 663
® 6 .0 2.1 s . 0.6 2.1 S 100z 53z ¢ o T 78 -
S 7l s 2.2 613 os 2.3 . “ow 63% 0.05 S 02
. - ~ - . -
‘8’ 12.6 10,5 B3r , "¢ 0.2 6.2 _ 501 ity 0.4 0.2 8oz
% ) 5.5 'R 751 0.k . 3., ! 75t " 563 0.3 2.4 .m
] - v v - - . . b . .
) - MNean ¢ 10+ 7.6 6+ 4.7 60 + 122. 0.6 +.0.3 8.5+ 1.3 111+ 602 ;- 85+ KOL - 0.4 + 0.9 2.8 1.9 . 33 % 22%
: s.D. . o P : : .
. . ' . @ : .
verasp. = Verapamil . - N - . - .
s - - : . - Co- ’ 3
,n‘ ‘ » /l\
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the tens1on in Krebs solutlon with the average halﬁ time -

o

of 0.6 + 0.3 minutes. H{stam1ne (10'3H) plus vehfpamll
(1.5 x 10°°M), sl1ght1y increase the.tension ﬁévan"
average,‘of 8.5 = 1. 3 mgs/mg. wt.r«whlch is 111 t 60% of
‘the average ten51on in’ verapam1l or 85 t 40% of the
'ten51on in Krebs solution. This d1fferencé in. the
average tension from verapam11 was not found to be

x

51gn1f1cant at ' p <.0. ,05. The average/ten51on in Krebs
solut1on wash was 2. 8 1.9 mgs/mg?/wt., this. being 33‘t
22% of the tens;on “in h1stam1ne with verapam11 and not -
significant at p < 0.05. Flg (16 a, Pg. 95) shows the
.effects of verapamll (1. 5 x 10 *M) ang.hlstamlne (10 ’M)ﬂ
on‘the left atrium tens1on.5§ens1on decreased in: V |
verapaﬁil 'bj one third. Dhring histamine plus,vefapamif
1nfu51on, the tension d1d not change. However after 15.
minutes of 1n£u51§h 1;’1ncreased sllghtly by 0.6 mgs/mg :
o wt., from the tenszgn in verapamil. Washlng with K}ebs
.solutlon, decreased the ten51on further to one-thlrd of
‘the basal tens1qh in Krebs solutlon. |
‘ ‘In Fig. b{; b, Pgq. 84) one can observe that the
1vp01nts, représentlng the ten51on in verapam1l (1.5 x

10- ‘M) w1th h1stam1ne (10‘3M) relat1ve to verapam11 (1.5
x 10 sM), are placed along the m1d 11ne of 45° angle.
This shows that the tension was nelther potentlated nor

Y
suppressed by verapam11 (1.5 x 10° &M) plus h1stam1ne

(1Q 3M).



These trac1ngs represent: R 'ig

‘(a) ‘The tension in verapam1l (1.5 x 10"M) plus hlstamxne

(10"M),-on the Ieft atrxum

(b) The tension in low Ca*’ Krebs solutzon (0 22 mM) w1th

\

hxstam;ne (10- ’M) ‘on the left atrlum.

(c) The tension in low Ca** Krebs solutlon (0.55 mM) wlth

h1stam1ne (10" ?M),Aon‘the left atr1um..

L4
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L Fig. (14., Pg. 86) shows that verapamil (1 5 x @

10-*M) with histamine (10-3M) decreases the average

- tension‘by 35% from the average tension in Krebs .
solution. The difference between the averags tension in

histamine, compared to an average tension imrhistamine

with verapahil, indicates that verapamii at‘this

‘ concentrationi‘in most,of thencases, blocks_theipositiﬁe
inotropic effect of histamine. | . | t

Fig. (17., Pg. "99) is a computer output of two

single contractions. One is 1n Krebs solution, %?Ich +S ;j

)represented by the solid line. The second contractuon,

- in verapamil plus histamine, is represented by the

dotted line. Data for th\s computer output is -

.frepresgnted 1n‘ﬁhble (16.,\Rq< 87).

| It can be obsgrved that cohtraction time is longgr o

in histamine (107 °M) plus verapamil\T .5 x 10°°*M) than

1n'Krebs solution; However, the relaxation

. verapamil s longer than in Krebs solution. ‘The peak.
_:tension and the rate,of\contraction is not 1ncreased

- greatly in histamine plus verapamil relative to Krebs_‘
-solution. The rate of relaxation 1s the Same as in Krebs
‘'solution. Comparing these values~a}thfthe values for
histamine'alone in Table (13., Pg.‘82), it can be >
observed that verapamil does suppress the posztive |
inotropic effect of histamine on the left-.atrium.’

;- S ' . v .
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Table 16. Left atrxum - single contractzon analysxs for

histamxne (10~¢M) + verapamzl (1“ fw10“M) expressed as %

"of control (Krebs) -

§

. C o Al Lo "u‘_ . . .
R \ oL .
o - : . T - Sl e

% Ristamine 1073 + verépam}l‘

kY

, 1.5 x 10 *M/control " (Krebs) '

latency period L o - 81z
’qontrattion‘time - . R o | 10721

relaxation time EE 82y

total twitch t'j{me SR ey
" peak tension L “' L o “jlﬂi S ;
 fate of contraélipn/msec , o - 1227 vif i;l

rate of relax;tion/msecv : - iOO% .



o

: rig. (17 ) ‘is a conputar uutput of tvo s ngléﬁégnttaétions.
One is in. K:cbs solution, which/}p repreatnted by the solid
line. Thafsncond coﬂf?action in verapamil plus histamine is
‘representad by the dotted line’ Dnta far t is computer

“'output is represented in Table (16., Pg. 9 ).
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3.2.3.4 Thé effects of low Ca*' Krebs £0;22 mM) plus
histamine (10-°M) o | |

‘The effects of lower1ng thg [Ca"] to (1. ZmM) (0.5.

mM) and (0,22 mn), were observed on the paced left

_atrxum;-Concentraqlons of (1.2 mM) and (0.5 mM) dxd not

antagonize effects of histamine (10-°M), on the left
atrium tension. )
In Table (17., Pg. 101) the effects of low Ca‘'"

Krebs solution 6f (0.22 mM) with histamine (10-°M) can

. be observed. Lowefing the [Ca**] to one eighth of its

normal concentration, diminished the tension from an
average of 5.8 t 2.6 mgs/mg. wt. in Krebs solution, to
an average of 2.7 t 1.4 mgs/mg. wt. in lov Ga°'' Krebs

solution (0.22 mM). The decrease is considered

significant at p < 0.05. Therefore this indicates that
;thé tensién‘i&vlow Ca** decreased to 45 % 10% 6f the
‘tension in Krebs solutionQ'The aQerage half fime for
this décfease was 1.7 ¢+ 0.6 min. The positive inotropic

'effect of hxstam1ne was blocked w1th low Ca“ Rrebs

soyution (0 22 mM) Thxrty minutes of infusion w1th

hzstam1ne plus low Ca" Krebs solution, decreased the

—/—‘\

’tensxon furthgr«;o an average of 0.84 ¢ 0.7 mgs/mg. wt.,

‘this being 36.8 t 30% of the tension in low Ca‘'‘ Krebs

solution or 15 & 14% of the tension in Krebs soiu;ion.
This change.was found to. be significant at p < 0.05. The
average half time for this decrease in tension was 0.7 %

0.4 minutes.
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rid. (16.b, Rg. 95) is an example of the tension

record from one of the experiments, in low Ca" Krebs

(0.22 mM) with histamine (10->M). It shows the decrease

-in the tension in low ' Krebs solution. Histamine

plus, low Ca‘* does not%shou any response id tension, th"
“rather a decrease in tension to a lesser: ﬁalue (1.3
mgs/mg. wt ), which 18 one fifth Pt the tqns1on[1n Krebs
solutxon (4 mgs/mg. wt. ).\Fxg. ilé c, Pg. 95) represents
the tens1on response of the left atrium in low Ca**
Krebs solution of (0.55 mM)_ The tension decreased in
low Ca" Krebs solution alone. Histamine (10°°M) in low
Ca** Krebs solutlon :aused an increase in the tens1on.
This response in tension was less than the normal
histamine (10-°M) response. Latency period for a
response to histamine was longer and the rate of
increase 1n tension was slowver. The maximum tension: q?s
achieved, after 25 minutes in histamine plus low Ca*
Krebs solut1on. The time to reach the maximum tension,
compared to the normal histamine response, as shovn in
Fxg. (9.a, Pg. 66) vas slower by 3-5 minutes. )

Fxg (13. c, Pg. 83) shows the tension in low ca™*
Krebs solution (0 22 mM), with hxstam1ne (10-°M), \ ’
relative to the tension in lo?wCa“ Krebs solutxgpf%O.ZZ
mM). The points on the graph are all shifted Eb/ehe
nght of the median line, this 1nd1cat1ng thgrcupre951on
of the tension in low Ca*® Krebs solutxon ﬁlus

h1stgm1ne.
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'Fig; (14.; Pg. 86) also shows the average tension
in lov Ca*' Krebs solﬁtion (0.22 mﬁ)‘and histamine
ﬁ‘ (10-°M) with verapamil (1.5 x 10-*M). The average
| tension in.the Jow Ca*' Krebs with histamine solution is
markedly less, compared to the averag7/tension in Krebs “
solution or histamine, . ;o |
Compiter output of the singie coqtraciion of‘the
left atrium is presented in Fig. (18., Pg. 1055;\801id
line represents the single contraction in msec in Krebs
-solution, vwhile dotted line is a single cohtraction in
msec, in low Ca‘**® Krebs solution (0.55 mM). Table (18.,
*Pg.(y06) shows varfous parameters involved jn the‘
contraction. Analysis of single contraction in low Ca**
Krebs solution (0.55 mM) is represented as a percentage
of the control (Krebs solution). S
querfhg the '‘[Ca**] of Krebs soiution to)(dlés mM),
increased slightly the rélaxatidn time, while the peak.
;datension, rate of contraction as well hs.the ;fte of
. relaxation décreaéed by}tuo thirds} compared to the same “
" in Krebs éolutién.fConfraéfién time in low Ca‘; Krebs
solution, is also less then the contraction time in

Krebs solution, since the peak tension is lower in low

| Ca** Krebs solution than in Krebs solution.,Th}s data
\x“» . I3 ‘ ‘ " . B ” *
™ indicates, that the lowering [Ca’*] to one Quarter of

its normal concentration de;teaSes the force of the

single contraction.
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rig.‘(la.)‘roproonntl the computer output of the single
contraction curve per msec, of the left atrigh in Krebs and

low Ca** (0,55 mM) Krebs.



128

» .

=N

o LowCa**
- Krebs

[

105



e S 106

- S = . .
. Taple 18. Left atrium - 51ngle contractlon analy51s for low

dﬁ“ Krebs 0 55 mM expressed as % of control (Krebs) .
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4, DISCUSSION
Our - observat1ons showed that hlstamlne (10'3M) has a
positive chronOtroplc and inotropic effect on the rat's
Sgﬂr right and,left atria.hIt appeérs that the rate and force of
4contraction are interrelated. Thus, in the'right atrium
there 'is at f1rst an increase in the en51on w1th the sllght
%wtlncreége in the rate.‘Once the tension )reaches 1ts maximum,
the rate then beé;nslto rise, reachlng,h1ghe;;values. This
eaﬁ>sometimes cause a elight aeereese in the tension. On the
rat left atrium and the paced right atrium the,positive
inotropic effect often produces attwo fold jncreaee from the.
gﬁ\basal tension. 7 |
b Metoprolol was shown to block the positive chrdnotropic
_énd\inotropiC‘effect of histamine (10‘3M) on the r;th and
left atria. Verapamll (1 x 10'°M) antagonlzed the- p051t1ve
chrehotroplc effect on the r1ght atrium. However the
positive inotropic effect of histamine (10"M) on the paced
right atr1um was blocked by verapam1l (1 x 10 5M) The
tension 1ncrease dug to h;stam1ne (10- 3M) on the: left atrijum
was antagonized by verapamil (1.5 x 10- ?M).
ﬁata presenteé alse shows; that the tension in the left

4

and r1ght atr1a is affected by lowerlng the [Ca*‘]

Decrea 2 “] to one eighth of its normal
’pﬁ £
concentra on, antagonlzed the pos1t1ve 1notrop1c effect of -
. /o
h1stam1ne on the rlght and left atria, th1s cau51ng the
'tension to decrease to lower values, while the positive

chronotropi¢ effect on the right'atrium was not fgund_to be

107
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very sensitive to the lower Ca*" concentrations.

Our results are Aot in agreement with the f1nd1ngs of
Bartlet (1963), in which he/observed the depressant effect
of hlstamlne on the Langendorff prefused rat heart. One‘of
the reasons for his f1nd1ngs may be due to the difference in
the technique used to admxnlster the h;stamlne, this being

/

by injection of histamine into\the perfusion fluid, thus
limiting the time\for hlstamlne to have an effect on the
heart. However, the concentratlons of h1stam1ne used by
_Bartlet (1963),\yege also mu%h lower and'thls could alsoj
account for such finidings. Dai (1976) also found that

. hlstamlne produced a trans1ent decrease in the rate and
amplltude of contractlohs, on the Langendorff perfused rat
‘heart. The concentrat1ons of hlstam1he that he used in hlS
experiments~were also low,'thus the'highest doSe heihgl(4 i
10- M), dhieh could have been the réaSon;for the‘differences
between our results and his. ﬂ.

Satayavxvad (1977) 'reported that rat atria responds.
best to EDso = (1.65 + 0.68 x 10- M) . Th1s_corre1ates well
-with ourtfindings since we haue used histamine (10-3M) tev
produceva marked response ih the tendion and rate of the L
left and right,atria.hfherefore, one cahvagree’with the
report frdm”Koresec and Erjavec (1978), who ohserved’this
10;_sensitivft§vof the rat to histamihe;'In contrast to the\
rat heart, guinea pi§ heart~is much more sensitive to
h1stam1ng and it can respond to the. concentratlon of

"hlstamlne.(lo‘sM) Verma and McNe111 (1976)

4
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Laher and McNeilll(l980c),'feund that at high doses
(10-°M), (18"M)v h1stam1ne produces increase in both the
rate and the force of contractlon, whlch Sgrees with our
ffngrngs. By administering hrstamlne to the preparation via
inﬁeetion, their average”rate incteased from 260 * 6
beats/min in control, te 286 * 8.bﬂats/min in.histamine,,Our__
results show an increase in the rate from an average<of 248
21 from Krebs solution to 373 + 27 beats/min: in h1stam1ne
wh1ch is a 51gn1f1cant d1fference at p < O 05. Thls
'dlfference in the average increase in the rate, between our
’;f1nd1ngs and McNeill' S, was due to the greater time over
wh1ch hlstamlne was allowed to act. In our experiments, the

1nfu51on of h1stam1ne .into the bath at a constant ‘rate for a

per1od of 30 m1nutes, allowed us to ‘observe the spec1f1c

3 s

pattern of the previously d;scusseﬂ effect of hlstamlne.on
the tensionfand tate increase on. the right atrium. Lahzrf&
McNeill (1980c), measured their responses three minutes
-follbwing histamine ‘injection. This did not allow theh-to'
observe the maximum response of histamine on the rate, whlch
accord1ng to ‘our results, occurs after about 20 mlnutes of
histamine 1nfu51on. Therefote, Laher and McNeill (1980c)
| observed only.the initial inerease in the rate, wh1ch would
,ﬁﬁfrrespond w1th our experxments to be between 280-295
hzats/m1n It folloés that they could not observe the sl1ght
decrease in the tension when the rate exceeded a certarn

-value (approximately 360 beats/min). Their increase in

tensien of 80 + 12% due to. the effect of hlstamlne on the -

/

o | ‘)
/ ’ . '
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left atr1um, corresponds to our. average 1ncreasg of about
90%. . - | |
L Computer analysie of the single contraction of the left
atrium, showed that h1stam1ne decreases time to peak tens1on‘
as ‘well as relaxat1on time, whxle it 1ncreases the rate of
contract1on, the rate of relaxat1on and the helght of the
peak tensxon. Th1s effect of hlstamzne on the rat left.
atr1um is 51m11ar to the fundlng of DeMello (1976) who
observed the same effect of hxstamlne, but on the gu1nea pig

ventricular nuscle. S

Suggestion that the effect of histémine on the rat.f
hdart may not be due to stlmulatlon of H,-'or Hz—receptors,
_flrst came from Dai (1976). Laher and McNe1ll (1980c),

? sugested that in,the rat, h1stam1ne in large doses c;uses an
indifect_stimulation4of B adrenoceptors, in the right and
“left etrium,‘by the releasevof-ehdogenous cateholamines,

~ which would hediate the'respthe. They used propranolol and
‘reserpine pretreatment to effectively block the histamine
effect on the'right atrium rate and left~atriom tension; To
ver1fy th1s hypothe51s, we useduﬂ-adrenoceptor antagonist
metoprolol, wh1ch antagon1zed the pos1t1ve 1notrop1c and’ |
ohronotropic effect-of h1stam1ne on the r1ght and left
atria, in all our exper1ments. Our f1nd1ngs -in wh1ch B
blocker metoprolol antagonxzed the actions of h1§¢am1ne on
v@he tenslon'and rete; support_the idea that hlstamine_could
mediate its effects via ca%eholamine feleaSe.ihkthe rat

~

heart.
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In our exper1ments verapam;l also blocked the effects

i +

‘of hlstamane on theﬁt1ght atrium rate and the raght and left'

atr1um ten31on. Bernauer.and'Schanz (1974), found similarly
that 1n gu1nea pxg heart, hxstamxne can abolish verapam11 |
produced myocardial insufficiency. Also that the poS1t1ve
chronotrop1c~effect,ot histamine was blocked,by-verapam1l.

Those findings'correspond-well to our findings, since we

observed that the pacemaker is the most sen51t1ve to

verapam11 thxs bexng 1nh1b1ted by verapam11 (10"M)

tension . was 1nh1b1ted at higher. concentrat1ons of- verapam11.v

. -~
,/

In- our exper1ments, the rate was ma1nta1ned the same as the

basal rate, except 1n a few experlments where 1t caused a
slight 1ns1gn1f1cant decrease or - 1ncrease.:Fleckenste1n

(1977)_ also’ d1scussed thevsenslt1v1ty of supraventr1cular~‘

fypacemakers to Ca“ 1ons deffxcxency and Ca* slow*channef

blockers, such as verapam11 He stated that myocard1a1

’contract111ty is much more susceptlble to the variations in

external Ca** supply than the skeletal.muscle, 51nce its

1ntracellular stores are of 11m1ted capac1ty. Greater

h sens1t1v1ty of ‘the rate to Ca*‘,1on 1nflux 1mpa1rment is

understandable, bear1ng in mind that the act1on potentlals A'"'
in SA and Av nodes are d1fferent than the other t1ssue of
the heart, such as_atrxa or ventr;clés. It is well known

that the action potentials of thefSA and AV nodes are

dcharacterlzed by the slow upstroke and the lack of the

,'plateau phase. The slow upstroke in the nodal t1ssue is

mainly carried out by the Ca** 1ons current, wh1le the rapid'

PR P ’ < . . . \
M } ) . . N
. B *h\\.p.ﬂ .
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~influx cf Na* ions, responsibie for-the*repid‘depolefizetion
~phase in. other cardiac, tissue, is absent. Thus antagonizing

.the influx of Ca“ into thexnodal cells with verapemil,-will

decrease the rate of dzastol1c depolarlzatxon and will cause

an 1ncrease 1n membrane treshold potent1al,'mak1ng it

-r‘d1£f1cult ‘for the pacemaker t1ssue_to f1re,'However,

verapamil also has afdirect.gepressing effect on the Cardiac

. automaticity, therefore slqﬁihgvthe rate (Fleckenstein

‘1977);“The.negative inotropic effect of verapamil on the

- left end’rightvatria observed in our experiments, support
vthe findings'of Nayler (1972), on the dog heart, Herada‘et

"—al (1981), on the rabblt myocard1um and Kohlhardt (1977) on

the cat ventrxcular tlssue.
| -The\positive chronotropic and inotropic effects of
histamine on the heart antagonized by verapamil; suggest
that histamine somehow’1ncreases the 1nf1ux of Ca“‘ione g
into the cell to‘1nduce a response. Th1s would be 1n

agreement with the f1ndxngs of Inoue et al. (1979), who

found that D-600, a methoxy der1vat1ve of verapam11 and alSO'

an antagonxst of the Ca** current system, blocks the 4
restoratlve effect of 4-methy1 h1stem1ne on. the guxnea pig”
card1ac muscle, suggestzng the 1nvolvement of the Ca** .
current in the H,-receptor act:vat1on. Bernauer Jnd Schanz
(1974),'also suggest the dependence of . hxstamlne on the Ca”

)

ions for its actlons, by either promotxng the 1nf1ux of Ca*"

4

ions from the 1ntrace11u1ar b1nd1ng sxtes or from the

:extracellular space. DeMello (1976), reports that the Ca“:
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ion 1nflux into the cell is 1ncreased .by h1stam1ne during
the plateau phase of the action potent1als, thus increasing
the peak tens:on. Th1s would also agree w1th our tindlngs
that higta&lne/’hcreases the peak tension of thevsingle‘
contrac®1on. In our experiments the peak tension vas
decreased'ﬁhen histamine with verapamil infused the left
atrxum@ Single cgqtract1on analysxs shows, that verapamxl
,decreases the usual 170% 1ncrease of the peak tension from
Krebs solut1on tq.histam1ne to only 19% of an 1p§reaee from
. Krebs solution,to hlsta%}ne\with verapamil. Time to reach
. its peak, total oontraction time, rate of contraction and
relaxat1o; were also decreased in h15tam1ne with verapamll
solution. Therefore tgls f;ndlng would support DeMello
(1976), in the 1dea that h1stam1ne increases efflux of Ca”
1ons, s1nce our<exper1ments showed ‘that blockrng this Ca**
1on efflux w1th verapamxl deoreased the pos1t1ve 1notrop1c-
eﬁiect of h1stam1ne. o
" our observatxon shows that the negative chéonotropic :
and:inotropio effedt of verapamil can be reversed by
adrenaline correlates vell witﬁ Fleokenstein (1977), who

states that verapamil and g-adrenergic catecholamines
operate in opp031te manners, both on the slow Ca** channe;s. %Fi

He states that B-adrenergic catecholam1nes could increase
the number of Ca** ions- accumulatzng binding sites via
cycllc AMP . \ihls would al&o agree’ w1th the report of
Sh1nebourne and Whlte (1970), who reported the effects of

S

catecholamlnes 1nduced increase in cyc11c AMP and hence .

%
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increased pgrﬁeability of the cell to.Ca** ions.
' Futthefmore, Karliner et al. (1982), showed that verapamil
is a competitxve antagonlst of myocard1al a- adrenerglc and
muscarinic but not of B-adrenergic receptors.
The. interesting finding in our experimeﬁt§ is that the

.effect of h1stam1ne on the ‘tension of the paced right
atrium, was blocked at hxgher concentfatxons (10 M) of
verapamil than on the left atr1um, wh1ch@was blocked with
 verapam11 concentratlon of (1. 5-x 10-*M). One can only
*postulate that either the left atrlum 15 more sensitive to
the Ca** ion changes then the paced right atrium, or that

the action of histamine on the Ca** 1onm1nf1ux is greater in
the paced right atrium, than on.;ﬁe left afrium, thus'a'
higﬁgr concentration of verépamil would be reqhired»to"block Y,
the Ca‘*-sloﬁ channel cﬁrrent and consééﬁehtly the increase //i
in ten51on. Another 1nterest1ng observation was that : ///
1ower1ng the [Ca**] from 2. 5 mM in- Krebs solution to 0.35 mM
Adid not causq a further.increase;lln the rgte caused by
~ histamine. ?his would'indiéate that there is either enough
external Ca** ions available for *histamine to have an effect
" on the-rate or that histamine mdbiiizes the internal stores:
of Ca** ion. However the force of contract1on on the paced
_left atrlum and r1ght atr1um, was d1m1nlshed markedly when
[C a‘ﬂ] in. . the Krebs solut1on w1th'h1stam1ne, was decreased

from zig-mM‘to 0.22 mM. Fleckenstein (1977),’reported that
.contractility is revérsiblf lost'upoq_Ca*‘ withdrawa1,

because Ca** ions not only trigger the contractile proteihs
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but control the mechanxcal tension output by the amount of
the ATP split. st statement that Ca” wathdrawal does not
neccessarily abol1sh the b10e1ectr1c processes of
ventricular excitation, would be 31m1lar to our findings
that louerxng [Ca"] does not alter the rate. Single.

contract1on ana1y31s in low Ca" Krebs solutxon (0.55 mM) in

\\comparxson to-the contraction in normal Krebs solution shows

thet the: peak tensxon, rate of contraction and rate of

relaiatlon are decreased by approxlmately 60%, 1nd1cat1ng a

suppressedxforce of contractxon.‘

“In concdus1on, our results show that our technxque of
infusing histamine to the,preparat1on at a'constant rate,
has some edvantaQes over the injection technicue used*b&
Laher &chNeill.(1980c{, because it allbws the greater |
?ncrease in rate to be observeg, as vell as its relation to

the increase in tension. Furthermore, it seems that

» histamine mediates its positive inotropic and chronotropic
effects on the rat heart via catecholamine release and Ca**

. ion current enhancement, as well as tnat there is'a

d1fference in sen51t1v1ty between the rxght and left atrxa
to verapam1l It would be useful to investigate further the

mechanism of h1stam1ne actions, wh1ch are st111 not clear.

——

' Further work would be necessary to speculate more on the

mechanism of the act1on of h1stam1ne on the rat heart. Some
prelrmxnary work showed that the ventricular muscle in the
rat does not respond to histamine (10-°M). It would be of

interest to-study histamine effecté,}if any, on the

-~
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ventricles uiLng‘ouf ints;ion technique. One coufz also
. compare the uction"potentiais,dnd‘thc changes, if any, in
the actjons of histamine versus histamine plus verapamil on
the rat atrium, to observe the effeci of.vgrapamil on the
actidn pbtentials. It would be of interest to perﬁérm ;n‘
lassay for catechplamines and also for cAMP to see whether o
and to which extent they are related to the effects of
hiétaminevin the rat. The etféct of D-600, which is‘twice as
potent as Qerapdmil, could also be useé. One of the | |
; interesting experimgnts that could be done‘would be‘fo‘
deplete the internal stores of Ca** with EDTA and then
observe whéfher'any changes in the effects of histamine and
verapamil occ&r.'This could also clarify the role of
intefnal Ca** stores, if any; on histamine action.

T§ conclude,‘one must be intrigued by the fact that
histamine has been on the scene now, for-almost a centufy "

and still many of its functions and mechanisms of actions

are not yet clear.
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