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LIPASE ACTIVITY IN THE VERTEBRATE HEART MUSCLE AND

'ITS RELATION TO' BA.SAL METABOLISM

'
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Most of the mechanical energy involved in heart beat
is used in expelling blood into the arteries against pressure:
and the minute volume of ciraulation or the cardiac output
per minute is dependent on the pulse rate and stroke volume
(Dukes, 1947)., The pulse rate of different animals vary
aécording to aize and age., The cardliac out put which is
calculated by multiplying tﬁe stroke volume by the pulse
rate is greater per unit weight of the body in amall animsls.
This i8 indicative of the fact that smaller animals have
a higher metabolic rate per unit body wedght (Dukes,1947).
Brody (1945) pointed out that as a rule the paiee rate
is directly proportional to the basal oxygen consumption per
unit body weight in mature animals of different species and
is invers@ly proportionmal to body size. But PBrosser (1950)
considers it probable that activity is more important.
fariations in heart beat of animals are influenced by the
various conditions that affecx the basal metabolism of
animals in general such as season, age, sex, activity,
environmental temperature,pathological conditions ete.

In heart muscle therefore there should be a tremen~-
dous eﬁpenditure of energy?de?ehging on the heart rate,
Gontrary to tue classical,belkeé'that carbobydrates form the

chief energy source in the*heéft muscle, the recent work of
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Bing and his collaborators (Bing, 1954) of sampling the
blood drawn from the coromaTy sinus by the catheter technique ,
the most reliable mgthod available at presént, for studying
the metabolism of the heart{fhgse shown that nearly o074 of
the required energy in humansmgs derived from fatty aéids
and only a portion offthe remaining from carbohydrates.It has
been observed in birds and in certain other fiying gniﬁals
like bats and locustsfthat fat is the main fuel during loag
and sustained muscular activity (George and Jyoti,1955a
and '57, Weis-Fogh, 1952), My finding that there is a lipase
in the vertebrate skeletal muscle and that there is a
quantitative variation depending on activity in different
miscles of ihe same animal and the same muscle of different
animals supports this view, It was also éuggested that the
lipase concentration of a mnécle would depend on the extent
of fat utilization, which in turn could be correlated with
the nature of activity of the muscle., Therefore it could be
expected that the heart muscleswhich pérforms sus tained
activity would show a very pigh lipase activity and a
quantitative difference infdifferent animals depending on
the metabolism of the a@imai;fhis study was thus undertaken
to see if some experimeﬁial\e%ﬁdence could be mads available

in" order to substantiate,these‘assumptions.

Material and Methods
The lipase activity of the heart muscle of the

following animals was assessed.
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Frog (Rana tigrina) Freshly collected
Turtle (Lissemys punc tata) i;aboratory animal
Pigeon (Golumbe livia) wild

Parakeet (Psittaculs kramar;) Wila

‘Kite (Milvug mi ra.na) . Wild
Eagle(..&_q_t_x____m ;;g._gg._?,) ;"“: ;;}ild

Sparrow (Passer domesticus) wild

Fowl (Gallus dome w) Domes tic

‘Bat (Hz.pposldgrog sgeori s) wild

Rat (Rattus rattus) =~ wild

Rabbit (Oryctolagus cuniculus) ILeboratory animal

Sheep (Ovis aries) ' élaughter house material,
- . collected immediately after
‘ - decapitation
Horse (Equus caballus) - Heart cut out about an’: hv
. o . after death

_ Engyme Material » ‘

A glycerine extract of the heart muscle was prepared
as described in the last chapter, In the case of small animals
like sparrow, rat, bat and paré,keet a pumber of them irrespe-
ctive of age and sex were ‘sé.cﬁficed for each set of experime
ents to procure the required quantity of the muscle. The blood
was completely removed with filter paper and only the'muacle
of the ventricle used for the assay,
Mo thod

The method of estimation was essentially the same as
used in chapter %Z,but in many cases the quantity of the rea-
ction mixture was reduced to one half and contained 5 ml,of

the emulsion, 2,5 ml,buffer and 2.5 ml.enzyme preparation,



thus making up a total volume of 10 ml. and correspondingly
the quantity of the alcohol-acetone mixture used to stop the
reaction was also reduced to one half. The pH was adjusted to
8 and the reaction mixture waskincubatea for 4 hrs., at -40°C.
Caleulation | )
The lipase activity is’r§fé%red to as the lipase value
which is expressed as the*npmb;rwéf lipase units per gm. of
the wet mscle and was ca;eulatedgaccording to ‘the definition
(Chapter 1) ( ' ~  !
Ré§u159~3
The values obtained for the heart of different animals
is given against the heart rate and/or the metabolic rate
_ in the respective animals taken from available previous
literature (Table 1) ‘
- § f'I‘é.ft;le 1
Data on the relafién between the metabolic rate and

the lipase value of the heart muscle of various animals

Metabolic rate e

Hezrt rate Mmoo
Animal ( Author in Oxy.conc.cé¢./ Heat prod.24hrs./ Lipase
- parentheses) gm./hr.{Author kg.body weight value
Heilbrunn) (Author-Brody)

Frog . . 0421 ~. - 6.4
Turtle i 33
Pigeon 185&Heilbrunn 102 L 11.2
Parakeet 320(Heilbrunn ' 227 10.6
Kite - - 11.1
Eagle ’ 10.4
Sparrow  800(Heilbrunn) 6.71 231 26,7
Fowl .. 150-180(Prosser) 0.83 52 9.4
Bat o : 15.2
Rat 300-500( Prosser) 0.692 83 22,2
Rabbit i . 0,64 45 27.7
Sheep 70-80 snukes} 0.34 26 6.7
Horse 32-44

Dukes 0,25 17 3.0
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Lipase Value in Relation to Age and Sex
) The animals chosen for this study were rats and sparrows,
the spérrowslfor sex differences and the rats for sex as wellg
as age. The weight of the animals was determined and used as
an index’of,age.‘Tbus the rats were classified into the
following three weight groups.

A Above 100 gm,

B 50 - 100 gm,

b Below 50 gm. )

In the first two groups the males and females were

separafed and the lipase value of the heart assessed separately,
A nunmber of animals were sacrificed for each experiment and

the values given below are the average of ~three experiments

each one done in duplicate,

Table 2
Showing the lipase éalue of the heart muscle of rat

and sparrow in relation to age and sex

—___lipase value o

Animsl Gromp f e
Male Female
Sparrow 24,0 22,0
Rat : A 2644 17.6
Rat B , . 28,2 23.0
Rat c - 18,5
Disouésion

According to Kleiber ( 1932 ), the influence of body

size on metabolism may reasénably be related to oxygen

transport. Henderson's (1925)’resﬁ1ts demonstrated a direct
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proportionality between circulation rate and pulse rate

and it has been suggested that pulse rate be used for
determining metabolic rate, So if the size of the heart

were directly and the pulse éate inversely proportional to

the body weight, in small animals, per unit weight of the .
body, the heart muscle should expend a greater amount of
energy than in 1&rger'énimals. It has been shown that the
heart muscle is equipped with ail the enzymes neceasary:for .
the oxidation of fatty acids (Green) 1954), If fat is the major
source of energy for the acti#ity of the ﬁeait, the heart muscle
of smaller animals should have a better equipment of the

enzyme systems responsible for the degradation of fat into

the final products of oxidation, The concentration of lipase

in the heart muscle is important ﬁecause this enzyme is
concerned with the breakdown of fat into fatty acids and
glycerol, Table 1 shows that there is a difference in the<
lipase value of the heart in different animals and it roughly
conforms to the difference in the metabolic rate. A similar
difference mey alsc be expgcted in the case of the other
enzymes of the " fatty acid cycle ". Since the values presented
in Table 1 cannot be eonside:éd as absolute, it is not my
intention to formulate any mathematical relationship between
metabolism and lipase value, Itquly ghows that there is =2
significent relationship between the lipase value and the
metabolic rate and supports the assumption that mostly fat is
utilized for energy purposes in the heart and the contention
that the lipase concentration of a muscle would depend on its

activity and consequently the utilization of fat in the muscle
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Table 2 shows the lipase activity of the heart muscle
of rat in relation to age and sex and of sparrow in relation
to seX, In both cases there is an appreciable ‘difference in
the 1ipa,ée value of the male and femele, the male having a hi-
gher value and it is known that the metabolic rate of the-
male is higher then that of the female. Among the three age
groups in rats, the highest value is obtained for the B group .
This is in conformity with the age eurves of metabolism in
J:'ats. According to the figures of Brody (1945) the metabolism
per unit surface area rises and in*‘the cg.se o“ét' rates it rises
from about 400 c¢al,/sgm./day near birth to 1100 - 1200 at
the age of 40 days or body weight of 100 gm, Thereafter the
metabolism declines to about 800 cal./ sqm./da§ at the age of
few months or weight of 300 glh. It might therefore be conclu-
ded that the mechanism behind these metabolic changes is
enzymic and showe the ability of the animal to derive energy
by meta.‘boiizing high eneré méta‘golites by the development

of the appropriate enzyme systems.



