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The stimulus to fat catabolism is not the quantity
of fat available, but either the abgence of dietary
carbohydrate or the depression of carbohydrate metabolism,
This leads one to think that any condition resulting in
the deficiency of calories may stimulate the fat depots
to release fat in the form of NEFA, in order to supply
energy. Adipose tissue is probably the chief source
of fat released into the blood stream. Dole, Gordon
and Cherkes and others found that the level of NEFA
in the plasma was profoundly affected by the nutritional
state, For instance, it is raised by factors such as
fasting, and disbetes with or without ketosis and lowered
by glucose ingestion and aminow~acid administration
(for reference gee Chapter III).

When the present work began, there were no published
reports of the effect of exercise on plasma NEFA, although
several have appeared more recentlys The first
question asked was: "Does NEFA act as an important fuel
for moderate muscular exercise, such as walking end
everyday activities?®

The experiment, reported in Part I in which the NEFA
level during exercise was measured in a number of subjects
under different conditions, lead te the conclusion that
-large amounts of NEFA may be mobilised and utilised
during moderate exercise. | The results of others

published since this work began are also consistent.




The question then arose: "What factors are responsible
for the mobilization of fat as NEFA?" It is now well
known that the NEFA level is effected by many hormones,
notably adrenaline, growth hormone and insulin etc.

In Part II experiments are reported showing the effects
of these hormones on NEFA levels on man and intact rats
nn§ also on the liberation of the NEFA by rat adipose
tissue in vitro. It does not appear pessible to state
precisely the factor concerned in the mobilization

during meoderate exercige,







CHAPTER II

INTRODUCTION
PREVIOUS VIEWS REGARDING THE FUEL OF MUSCLE

THE * EL' OF M The nature
of the fuel utilised by the working musele is an old

physiological problems Many physiologists have
considered that carbohydrate was the sole fuel of muscle.
Cl. Bernard was of the opinion that the grape-sugar which
he had discovered in the liver and in the blood might by
its oxidation in the tissues take an important part in
the production of heat and of mechsnical energy. Seegen
(1891) went much further than this, holding that
muscular energy is solely obtained from the oxidation
of dextrose brought to the muscles by the blood,
whether glycogen was present or abgsent in the liver,.
Chaveau and Kaufmann (1887) like Seegen found a
similar difference in the amount of sugar of blood in the
venouéiziterial blood supply of muscle, All these
workers support the argument that the work is done at the
expense of carbohydrate,

As long ago as 1866 Pettenkofer and Voit showed
that mechanical work did not increase protein metabolism
and this has since been confirmed.

In 1907, Fletcher and Hopkins revealed the relation




of lactic acid to mugcular activity and this drew attention
to the importance of carbohydrate in the muscle.

Subsequently, Meyerhof (1919) and A.V. Hill (1924,
1925) and others in experiments on isolated muscle
preparations showed the cleose relation of carbohydrate
breakdown and lactic acid formation with the
development of muscle tension and the liberation of heat.
AWV, Hill's lecture on 'Lactic acid as the keystone of
Muscular Activity! (1926) helped to lead to the idea
that carbohydrate was the sole fuel olf nuscle,

MacLeod (1928) in his book 'The Fuel of Life!,
has assembled the material and arguments in favour of
the fat to carbohydrate transformation theory. Most
biochemists became sceptical as to whether fat is normally
econverted to carbohydrate in the body. In this they
have been supported by Rapport (1230), who showed how
unsatisfactory was all the evidence in favour of the
formation of carbohydrate from fat in the body.

In 1952, Lovatt Evans stated an orthedox view as
follows 'Fats must often be utilized for the carrying
ol muscular work, For this to take place, it is
probable, however, that they are first converted inte
carbohydrate and stored in the muscle as glycogen's
However, the classical work on carbohydrate is
undoubtedly correct so far as the irmediate source of
fuel for a sudden burst of hard exercise is concerned.

Glycogen is the one fuel immediately available in muscle




and its breakdown to lactic acid certainly provides

the energy for any burst of activity, But this
mechanism is probably responsible for no more than a
small fraction of the energy utilised in long-continued
muscular work, It will not be illogical, therefore,

to suppose that cerbohydrate may not be the sole fuel

of muscular energy.

FAT AS A SOURCE OF BHERGY The lipids of the blood

have not been studied in relation to exercise to the same
extent as carbohydrate,

The biochemists often used to omit any reference to
the fuel of muscle, but at one time they would have
agreed with the conception of Peters and Van Slyke (1946).
They observed that fat was carried from the adipose
tissue to the liver, where it was converted into
ketone bodies. The ketones were then available to
meet the energy requirements of muscle, Modern
ideas stem largely from the experiments of Stetten and
Boxer (1944) with the aid of deuterium, They
showed in rats on a high carbohydrate diet that only
about 3% of the dietary glucose was handled as glycogen
and at least 10 times as much as was used to
synthesize fatty acids as to synthesize glycogen.
Before that Gemill (1942) reviewed other preisotope
experiments which were designed to investigate the fuel

for muscular exercise. From hip experiments it was




concluded that though carbohydrate was 'prime fuel', fat
also can be used by muscles, This evidence was

derived from the low R.Q. values found in exercising
subjects or isolated muscle preparations,.

The work of Andres et al. (1956) supports the view
that fat is responsible for the production of energy.
These workers measured the oxygen consumption during
forearm exercise in man, They have shown that the
glucose disappearance from blood cannot account for
the oxygen consumption, even if the whole amount of
glucose were oxidized to Cope On the basis of an
average R.Us. of 0.80 together with other considerations,
these workers have postulated that fat may be the
major substrate of gkeletal musele, which supports the
work of others (Geyver et al., 1949; Volk et al., 1952;
Hensen and Rutter, 19523 Teppermen gt _als, 1956).

The experiments of Fritz gt gl. (1958) with isolated
skeletal muscle showed that fatty acid oxidation was
doubled during experimentally induced activity. It
was observed that the increment of fatty acid oxidation
with stimulation was greater than the percentage increase
ip oxygen congumptions, These data demonstrate that
the fuel of muscle during exercise probably includes
fatty acidss, The fall in R.Qs found in these
experiments is also compabtible with the hypothesis

that fat is oxidized st a faster rate during exerciges




The data from above experiments suggest that the
metabolism of fatty acids by muscles is potentially
an important source of energy. This fatly acid
fraction of the fat is presumsbly the non-esterified
fatty acid, which is discussed in detail in the

following chapter III.




CHAPTER III

ROLE OF NON~ESTERIFIED F. ACT

The fraction of the total fatty acids of blood
known as non-esterified fatty acid, is metabolically
important, though quantitatively small (2-5% of total
blood lipids). Unesterified fatty scid (UFA) and free
fatty acid (FFA) have also been used to describe the
game fraction, UFA may bs a true synonym, but there is
always the chance of confusion with unsaturated fatty
acids and NEFA is generally preferred,

The term free fatty acid is not strictly accurate,

for this fraction never exists in a free form but
always in loose combination with plasma albumin
(Gordon gt _gl., 19533 Selden and Westphal, 1955).
Slightly less than one molecule of NEFA was found
per molecule of albumin in normal rats, rabbits and
bovine plasma and this also is the usual range in
human plasmas However, one molecule of albumin can
carry up to 6 molecules of NEFL (Gordon et al.
1953)s The NEFA fraction exists in plasma primarily
as aniong, though at the pH of plasma about 1 per cent
of the fatty acid is undissociated (Markley,. 1947).

This fatty acid fraction has been recognised for

about 80 years, Hoppe-Seyler (1883-84) reported the
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presence in the blood of rabbits, horses and dogs of
about 0,05-0,12% of the fatty acid which was not
esterifieds This he obtained from the serum after the
analysis had been done for several times. Little
intereat was taken in the discovery at the time.
Szent=Gybrgy and Tominaga (1924) obtained similar
results but these were considered by other workers to
be artefacts. It now appears that the NEFA
concentrations found by these two workers were within
the normal ranges

Some years later, Kelsey and Longenecker (1941),
described the recovery of NEFA by fractionation of the
lipids extracted from bovine plasma, They tabulated
the fatty acids found in the NEFA fractiqn and
observed mostly pelmitic, oleic end linoleic acids
with small amounts of stearic, myristic and arachidonic,
But their mesulis are open to question, 4As the time
required for processing so large a quantity of plasma
(90 litres)was long, they considered that some lipid
esters might have undergone hydrolysis in vitpo, with
the artefactual production of HEFA.

Cohn and his collaborators (1947), isolated NEFA
which were uniformly present in the albumin fraction
of humgn plasmas Information regarding the
individual fatty scids of the human NWFA fractions

is limited to one study by Dole (1957) in which by
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means of silicic column chromatography, palmitic and
oleic acids were identified, This experiment confirmed
the report of Kelsey and Longenecker (gag above).
More recent and detailed fractionation with gas phase
chronatography shows traces of shorte—chain acids
starting with Cg, but no major amount is obtained until
Cy¢ is reacheds According to Henshen and Dittmer (1960)
within the neutral lipid fraction oleic, linoleic and
palmitic acids appeared to a great extent as triglyceride
while stearic acid was found to be more significantly
associated with cholestorol esterss These four acids
comprised sbout 80% of NEFA fraction.

Fatty acids of shortechain length (volatile fatty
acids) ocour in plasma, particularly in ruminents.
The methods for the estimation of these acids ars such
that fatty acids incorporated with glycerides or
strongly bound to protein could not be recovered.
ZURNQVER RATE OF NEFA According to Shreeve gf al. (1956),
although the plasme concentration of NEFA is low, the
amount of potential energy delivered to cells by the
rapid turnover of this fraction is more than double
the calorie value of the gluccse at.ream;

Table I. gives the approximate ealorie values of
glucose end NEFA pools aiong with the turnover percentage
per minute (Dole, 1958).




TABLE I
Gifle  ioermimte GoMicier
Glucose 0.84 0.7 845
NEFA 0,05 28,0 21.0
SOURCE OF NEFA The non-esterified acids of plasma

may originate from the following sources,
1, THE HYDROLYSIS OF PLASMA TRIGLYCERIDES

The production in vitrg of NEFA by the action of
lipoprotein lipase (clearing action) on the
triglycerides of chylomicrons, lipoproteins and
artificiai fat emulsions has been repeatedly demonstrated
(Robinson and French, 1953; Shore et al., 1953;
Korn, 1955; Borgstrfm and Carlson, 1957)s The same
process is believed to occur in vivo following the
injection of heparin (Havel, 1957; Spitzer and Miller,
1956)s It was observed that in the sbsence of
exogenous heparin, there was a rise in NEFA levels after
injestion of artificial fat emulsions (Grossman gt al.,
1955; Moeller gt al., 1955).
2. FROM ADIPOSE TISSUE This is the probable source of
NEFA., The largest arterio-venous difference is
encounhfored inthe greater saphenous vein which drains
a subcutaneous area rich in adipose tissue (Gordon,

Cherkes and Gates, 1957). However, the production
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of NEFA from other tissues either in vivo or in vitro
is not reporteds So, al least up to this tize, it
must be considered that endogeneous NEFA may originate
solely from adipose tissue (as opposed to HEFA

production from dietary fat during slimentary lipaemia).

It has been found that the concentration of NEFA
in the plasma was increased during fasting (Laurell, 1956),
after adrenaline injection (Gordon and Cherkes, 19563
Dole, 1956), in diebetic acidosis (Leurell, 1956;
Bierman gt _al., 1957a) as well as in the 'controlled’
diabetic state (Bierman gt _al., 1957a) and after
administration of growth hormone (Raben and
Hollenberg, 1958).

On the other hand a decrease was observed after
administration of glucose (Gordon and Cherkes, 19563
Dole, 1956) amino-acids (Gordon, 1957), glucagon
(Biermen gt gl., 1957b) and insulin (Dole, 1956),

Also, it was shown that addition of suger or
insulin in yitro decreases oxidation of fatbty acids
by liver slices (Heugaard and Stadie, 19523 Lossow
and Chaikorf, 1955) or by sections of muscle (Wertheimer
and Ben-Tor, 1952)s Carbohydrate feeding decreases
hydrolysis of triglycerides in the liver (Lossow and
Chaikoff, 1955) and promotes synthesis of various
lipids from acetate (Bloch, 1948; Lyon et al., 1952;

et .
Medes, /1952) «
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Fige 1ls Symbolic representation of the balance betwsen
acebutis, NEFA and egterified lipids within cells.
Although the mechanism is still obscure, it
gaems generally true that ineressed oxidation
of carbohydrates shifts the balance toward
synthosis (Dole, 1958, pe 194).

stores

(May 1957)

Fig. 24 Map of hypothesin.
synthesis and hydrolysis of fab (Fig. 1.) is
supposed to be operative in both storage and

working cells.

The process governing

(Iblﬂ. 1958’ Pe 1.95):
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All these findings have been interpreted ¢o
mean that NEFA is a mejor link in the transport of
fat from the fat depots to the peripheral cell and the
level of energy production in some way controls the
movenent, of NEFA, It seems that utilization of
carbohydrates promotes synthegis of lipids and depletion
leads to oxidations The Fig. 1 will symbolise this
dynemic balance.

If the NEFA fraction ié an important means of
transport, as it seems to be, conversion of triglyceride
to NEFA in storage gells and oxidation of NEFA to

acetate in liver and other working cells must be

closely correlateds The Figs 2 may explain this

(Dole, 1958),

The above hypothesis implies that the outflow of
HNEFA from storage would very in response to change in
catabolism of fatbty acids, The shift to hydrolysis
of the triglyceride from the adipose tissue will

probably increase the plasma level,

All the vork done by previous workers, which was
mentioned before, showed that calorie deficiency
which was due to lack of a nonefat source, resulted in

the mobilization of fat as NEFA in blood, Thus
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moderate exercise in the post-absorptive state which
increases calorie requirements, might be expected to
act as a stimulus for catabolism of fate With this

view the present experiments were planned.
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CHAPTER IV

ESTIMATION OF HNOU—ESTERIFIED FATTY ACIDS

PRINCIPLE TFatty acids are extracted from solution

in the plasma water by a mixbture of lipid solvents.
This separates the fatty acids from other organic acids
which are soluble in water but not in lipid solvents.
This results in a two=layered or-two-phase gystem,
EXTRACTION MIXTURE Folch, Lees and Sloane-Stanley (1954)
used methanol=-chloroform as an extraction mixture.
Blankenhorn and Ahrens (1955), employed heptane-cthanol.
Dole (1956) introduced heptane and isopropyl alcohol,
finding heptane to be a more convenient solvent than
chloroforms This mixture contains isopropyl alcohol,
40 parts, heptane, 10 parts and INH,S04, 1 part.

During the present investigabion it was found that with
this proportion it was difficult to get a two-layered
system, and different proportions of fit solvents were
trieds To get the best separation of the layers two
different extraction mixtures were uséd., Mixture A
congisting of isopropyl alcohol, 30 parts, heptane,

20 parts and INH2S504, 1 part was used for plasma and
unknown aqueois polutiong., Mixture B, consisting

of isopropyl aleohol, 30 purts, heptane, 10 parts and
INHp50, 1 part was used for standard solutions of

palmitic seid in heptane. The standard palmitic acid
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solution was made by dissolving 2.56 g. of pure
palmitic acid in 100ml. heptane. For this purpose
palmitic acid (B.D.H.) was re-crystallised from heptanc.
Purity was tested by the melting point of the
re~crystallised material (mepe. 64)e

The two extraction mixtures were used in order to
get the same volume of the upper layer (5ml.) in each
case even when the solution contained heptane.

In the preparation of extraction mixtures and
standard solution, re-digtilled isopropyl alcohol and

heptane were always used.

TITRATION MIXTURE (IHDICATOR) A stock solution of thymol

in 100 ml.
blue was prepared by dissolving 100 mg,,of 90% alcohol.

For everyday use the stock solution was diluted in the
proportion of 1:10 with absolute alcohol. 8o, the
strength of this became 0,01l%. As the titrable
acidity of the alcohol increases over a period of
several days, freshly prepared mixture must be made
Just before the titration is started (Dole, 1956),
ALKALT  0,02N NaoH was useds It was made by diluting
a stock solution of N/10 NaoH.

PROCEDURE Blood was collected in a syringe or vessel
econtaining two drops of heparin (Liquemin', Roche).
The blood was transferred Lo a centrifuge tube

within 10 min, and centrifuged at 3,000 r.p.m, for

about 10~15 min. 1 ml. of plasma was transferred to a
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glass-stoppered test tube and 5 ml, of extraection
mixture were added to its It was then shaken
vigorously for abou! a minute and allowed to stand for
10 min:.. 2 mle. heptane and 3 ml. distilled water
were addeds Dole used Co,=free distilled water.

This refinement was found %o be unnccessary, if either
freshly distilled water -~ or de-ionised
water was useds The only precauition necessary is that
water must be freshly distilled from glass and kept
in a well corked flask provided with a side tube
containing Calsodalo sbsorb atmospheric Cone The
test tube was again sheken vizorously for 30 secs and
left for 10 min, as before,

1 mle of distilled water and 1 ml. of standard
palmitic acid were treated in the game wey except the
extraction mixture B was added to the latters These
gerve as the 'blank' and 'standard' respectively.
After stending for 10 min,, the liquid in the test
tube was separated inte two phesess The upper 5 ml,
econtained the fatiy acid in heptanes From this a
3 mle aliquot was transferred to a.lo mls conical
centrifuge tube containing 1 mls of titration mixture,
This was titrated with alkali by using the micro-burette
of a 'Kopp Nutelson Micro-gasometer Model 600's  The

burette is attached to the reservoir of this apparatus
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by means of a connector, and is of 0,12 ml. capacity
and calibrated in wide divisions of 1 pl. This reduces
the reading error and permits estimation to 0.1 pl.
The burette communicates with the micro-gasometer
by neans of two gtop=~cockss Filling and emptying
the burettes is done by means of a hand wheel attached
to the base of the microegasom:ters The whole
burette can be filled up with mercury. The burette
is filled up with alkali by bringing the mercury in
contact with the reagent and drawing it in.

Before the titration was started the tip of the
bureitte was wiped out by means of a filter paper.

Throughout the tltration nitrogen gas was bubbled

through the solution from a polythene tubes, This gas,
from a cylinder, at first passed through alkaline
pyrogallol to absorb traces of Cop or Op. Nitrogen
was necessary to keep the two phages together i.e. to
prevent the phages from separation (titration mixture
and heptane containing the sample), as well as to expel
Cop coming from the outside atmosphere, Before the
titration was started, nitrogen was bubbled through
the solution for 30 sec. Lo expel any Cop present.

The end-point is the change from pink to a
greenish-yellow colour, A good light is essential

to note the change in colour. For this reason a
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portable fluorescent lamp was kept above and just in
front of the titration tube, As the end-point was
approached, the gas stream was interrupted from time
to time to agllow examination of the indicator in the
alcoholic phase.

CALCULATION For the titration of the non=esterified
fatty acid .02 N NaoH was used, containing .02 ' Mole/
litre or 02 FIv‘a/pl.. A. 3 nl, aliquot was taken out
of the 5 ml, volume of the upper phage, was titrated
by NaoH and the reading recorded in ;.ll. So, the total
amount of the non=-esterified fatty acids in the
originel sample will be calculated as followss

Total amount of NEFA in the original 1 nl., sanmple

02 x ; (the amount of Naoll added in pl =-
the smount of NaeoH in ul required
by the blank)

.02 x g-x the corrected anount of NaoH
in ‘110

]

+033 x the corrected amount of NaoH in ul
was the amount in P]T/ml.

COMPARTSON WITH OTHER METHODS Dole showed that other
orgenic acids such as pyruvic, acetic and citric do
not interfere with his methods He does not mention
lactic acids In the present investigation, it was
found that 2% lactic acid in the golution, did not
interferes Trout gt als (1960) have also shown that
lactic acid does not interfere with their method,
which is a slight modification of Dole's.




pl of 0-2 NaoH

.08..

.06_

L T ] Ll I 1
250 500 I000 1500 2000 2500
pmole/l of Standard Palmitic Acid

Fige 3« See text.
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There are some other methods of estimation of NEFA.
Gordon, Cherkes and Gates (1957) treated the plasma
after it was freeze-dried with glacisl acetic acid and
isooctane,  This method is time consuming as well as
neceding special type of apparatuss Whereas Dole's
method is suitable for a clinical laboratory., A
drawback is that blood sample must be analysed within
8 hours and after standing overnight on the bench
or in a refrigerator there ig usually a fall in the
NEFA titre.

RECOVERY A known amount of the standard palmitie

l acid solution was added to plasma and titrated in esach

. experiment, Table IT shows the pereentage recovery

: of palmiticacid from 100 samples, This Table shows
that 90% of the resulis were within & 5% and the extract-
‘ion process was probably complete.

Titration of graded amounts of palmitic acid
against 0,02 N NaoH in Fl is shown in Fig, 3 after

the blank has been subtracted from it,
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TABLE II

90-54 1
9599 22
100-104 68
105-109 7

110+ 2
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CHAPTER V

EXPERTME PROCE

SXBRCIS In order to observe the effect of
moderate exercise on the level of non-esterified
fatty aeid, walking was selected as the standard
activitys.

Stepping, walking, and stationary cycling are
all forms of exercise suited to laboratory investigation.
Stepping (which usually includes stepping backwards)
snd cycling are forms of exercise to which not everyone
is accustomed, Moreover, these forms of exericse
require full co-~operation of the subject to maintain
a 'steady state' of work,

The concept of 'steady state' of exercise was
established by the work of A.V. Hill and his colleagues
(1924). Provided the rate of work does not exceed
a certain limit (the 'erest-load', set by aerobic
capacity), a state is reached, soon after beginning
exercise, in which the O uptake remains almost constant
and vhich may be maintained for an hour or more.

During the steady state there is approximate
constancy of pulmonary wentilation, arterio=venous
0o difference, cardiac output, heart rate and other

variables. Above the crest-load 0, uptake may




TABLE III

AR TR R

R.P. 49 n 6344 182 0.80
A.B, 32 £ 7362 160 1.26
ReJ4Ce 22 m 7040 176 04,67
M.H,Ds 38 m 6545 178.8 0.69
K.BsRs 36 n 7945 181,3 0.61
SaLa 27 £ 6040 168 0.64
P.Ge 21 £ 65,1 168 0,67
L.T. 23 £ 6347 177 0.67
M,B. 21 m 61,0 182 0484
M.He 24 m 6345 170 0.73
MedoHe 22 n 104,0 183 1,01
G.G.W. 21 m 63.9 178 0.88

Age, sex, weight, height and fasting plasma NEFA level

of 12 healthy subjects.
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become gteady but the exerecise ean be maintained

only for a short time and other veriables do not

reach a 'steady state's Moreover, the use of a

gingle standard exercise simplifies the procedure.

80, in the present investigation walking is selected as
the form of exercises

SUBJECTIS Twelve healthy students and research workers
acted as subjects. Among them were 8 males and

4 females. Their age, height, weight and fasting
level of plasma NEFA is given in Table III,

They were told not to take any food after 6 p.m.
on the evening before the day of the experiment. Also
they were asked to avoid carbohydrate food as far as
practicable., Gordon and Cherkes (195%)
formulated the hypothesis that NEFA gerves during
fasting as a transport of fatty acide The present
investigations were therefore carried out 14«16 hours
after the last meal,

The subjects, who were not familiar with the tread-
mill and respiratory apparatus, came before the day
of the experiment., They walked on the treadmill for
gsome time and sample of expired air was collected, All
this was done to get them accustomed to the motion
of the treedmill as well as to the use of the

mouth-piece of the respiratory apparatus.
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All the subjects attended the laboratory at
8,30 a.ms having had no breakfast. They were warned
not to drink any tea or co’fee with milk and sugar
beforse coming to the lsboratory. All the subjects
except one came to the laboratory without having
any tea or coffees Also, they were told not to hurry
to the laboratory before the experiment.

After they arrived at the laboratory they lay
down comfortsbly on a couch kept at the laboratory
for about 20~30 minutes, The temperature of the
room was kept between 65-67° C, either by extra
heating during the winter or by extra ventilation
during the summer.

After their rest (for 20-30 minutes), an expired
air sample was collected in a Douglas bag (Douglas, 1911).
Then, a blood sample was taken from the ante~cubital
vein by means of a syringe to which heparin ('liquemin')
was added beforehands For, the first sample 20 ml.
blood was drawns This was cenitrifuged for 15 minutes
and then transferred to a centrifuge tube as mentioned
in Chapter IV, Before the centrifugation was done
041 ml. was pipetted into a centrifuge tube containing
3.5 ml. of isotoniec sodium sulphate - copper sulphate
golution for estimat on of blood glucosa,

The plasma obtained after centrifugation wes
trangferred toa bottle which was left in the

refrigerator until all the blood samples were collected.
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After collection of expired air and the fasting blood,
the subject sbarted walldng on the treadsill for an hour,
The healthy men walked at 4 mepehe on the level, This
was rather fast for women, who walked at 3 me.peh.

The exercise consisted of four periods of 15
minutes each accurstely timed by stopwatehs During
the last 5 minubtes of cach 15 min, period expired air
wes collected and ventilabion measured for dotermination
of oxygen consumption and R.Qs Afbter each 15 min,
period the subject ley on a couch while 10 ml, of blood
wag taken into = heperinised gyringes This was
easily accomplished within 1 min. after which the
subject resumed walking up to the end of the hour's
exercise,

In addition to tho experiments mentioned above,
seven more were done, Of these, four consisted of a
10 mile walk in 150-180 mine depending on speeds In
one 25 ge of glucose was given by mouth during every
15 mine rest intsrval.

The sixth experiment waz the heavy exercise, with
a 10 kge load on the back walking abt an ineline of &
at 4 nepehe

The last experiment was the three consecutive runs
of one mile vith intervals. Each run was in
5 mine 30 sec, followed by a rest lasting 9 mine 30 secs




METHODS

TO CHAN A Kofranyi-Michaelis respirometer
(Kofranyi and Michaelis, 1940) was used for the collection
of air samples during exercise, Expired gas was
analysed by the Haldane method; duplicates were
required to agreé within 0,02 volume per cent for both

02 and 0020

CHEMICAL ANALYSIS  Plasma HEFA was estimated by the
method described in Chapter III. Blood glucose was
estimated by the method described by King end Wooton
(1956).




TABLE IV

Efffect of Exercise on the level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Mean and standard deviationsf
Experiment No. 10 experimetibject Healthy Age Ht. Wt

Exercise An hour walk on treadmill

NEFA. G-lucos? 0 us..ed R.Q.
m-mole/litre m-mole/litre mI/min
Resee 0,76 * o179 | 4,60 £ ,811 231 0,78 & ,058
 Exeroise fongs M1 0954 326 [ 498 .80 0,83 + 033 J
2 w30 = 1,08 £ .302 3495 £ 2763 1240 0,82 £ ,040
. " 4y "® 1.32 £ .398 3499 £ 713 1240 0480 & 4062
" i l.44 + 4363 4,07 & 804 1240 0,80 & ,045

S - - e a.

Recovery for min,
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CHAPTER VI

RESULTS
D OF AN HOUR'S WA N P

Table IV summarizes the changes in the plasma NEFA,
blood glucose, oxygen consumption and R.Q. in ten healthy
subjeets during moderate exereises The changes in the
plasma NEFA; blood glucose, oxygen consumption observed
in the individusl subjects are given in the appendix,
The average fasting level was 0,76 m-mole per litre.
This agrees with the findings of other workers. For
instance, Dole (1956) found a fasting level of 0,50-0.90
mEq/l in 3 healthy males. Gordon and Cherkes (1956)
found a concentration of 0,30-0,80 mEq/l in seven
healthy young mens Anfinsen (1956) and Grossman gi al.
(1955) found aimilai- values.

In the present investigation the mean wvalue for
HEFA during the exercise increased from 0,76 to l.44
memole/l and for the blood glucose, fell from 4.60 to
4,07 m-mole/litre. Blood glucose is expressed as
m-mole/liﬁre'inatead of as mg. per 100 ml., because it
seenms reasonable to use comparsble units. The R.Q.
rose abt the start and then fell slightly. The oxygen

consumption changed libtle throughout the walk,
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Fige 44 The eoffect of walking ab 4 mepahs in the
post-zbsorptive gtate on the R.ls, blood sugar
and plasma non-esterifisd fatty ascid in a
normal healthy man,



A search was made for correlations between the
extent of the NEFA rise and the levels of blood sugar and

the R.Qes. in individual subjects and also the degree
of obesity (as judged by the height/weight ratio)s No

correlations could be found, nor was any found between

the extent of the rise and rates of oxygen consumption,

(Results published in Quarte Jo exp. Phygiol. (1960)
45, 312,

Some additional observations were recorded during
walking for longer perieds, after running and during
heavy exercise by walking uphill with loads. Fig. 4
shows the results in one normal subject, who continued
to walk at 4 mspeshe for two hourss There wes a steagdy
rise in plasma HEFA throughout this period, The final
value was 2,80 m-mole/litre. There was a gradual
fall of R.Qs. from 0,84 to 0,79, The blood sugar also
showed a fall from 4.2 memole/litre to 3.28 m-mole/litre.
Calculationg from the respiratory exchsanges and urinary
nitrogen during this walk indicated that about 55 g.
of fat had been mobilized and utilised during the two
hours.

In two other experiments, the same subject walked
for 150 minutes (Tables V and VI)s In one the NEFA

rose to 1.72 m-mole/litre in 60 ginutes and thereafter




TABLE V

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 1 Subject R.P. Age 49 Ht. 182 ems Wt. 63,4 kg,

Exercise  yalk for 150 mins at 4 m,p.hs on treadmill

NEFA Glucose 0, used R
m-mole/litre m-mole/litre ml/min Qe
Bhas ; 0,83 - 231 0477
Exercise for 30 min, 1.42 - 1128 0.81
" " 60 " 1.72 - 1199 0,78
. $1.99 % 1,92 - 1311 0,78
" L Sy 1,75 | L . 1187 0.‘?8_““"
" R15% = 1,87 Sy 1181 0,78

. T e ey B . R

Recovery for min,




TABLE VI

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No. 4 Subject p p. Age 49 Hb. 1820m, Wte 63,4 kg

Exercise 4 miles/hr. for 150 min, on treadmill

NEFA Glucose 0, used R

m-mole/litre m-mole/litre mI/min Qe
Basa:-l- : : 0.95 = 230 | 0‘85
Exercise for 30 min, 0,98 ' 5 s 0.88
" G T 1,28 - 1086 0,84
n - 90 n =1h 2.03 2 it 1103 0.83

" m 100 ® 2444 - 1095 082 .
‘n n o150 ® 2.94 - - - 1089 0.79

Recovery for min, {
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changed littles In the other there was a steady

rige which reached 2,94 me-mole/litre after 150 min.
This was associated with a large fall in R.Q.
Tables VII and VIII show the rise in NEFA in two

subjects during walks of 145 minutes end 180 minutea.
During these two experiments blood was first drawn at 85
and 90 minutés respectively.

Table IX shows the effect of heavy exercise (walking
with a load of 10 kgz. at an incline of 6;) for 50 minutes,
by which time the subject, & heavy man, was completely
exhausteds The NEFA level was then 1,79 memole/litre
The blood glucose did not show any consistent change
but varied from 5,47 m-mole/litre to 5.1l m-mole/l,

The R.Q. was high throughout the exercise, but there was
a slight rise.

Table X shows the NEFA level after three consecutive
runs of one miles Bach run was completed in 5 min. 30 sec
and there was a recovery period of 9 min. 30 sec.
between the runs, The blood sample was teken at the
end of recovery, Bxpired air was not collected,

Plasma NEFA showed only a small rise slter the first
run and then remeined approximately constent.s It was
0.8l m-mole/l at the start and after 15 minutes at the
end of recovery increased to 1,01 memole/l and more or
less remained the same throughout. Blood glucose

fell from 5,12 m=mole/l to 3.67 m-mole/l after first




TABLE VII

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No. 15 Subject w,J.H, fee 2 Ht. 183 cme Wt.104 kg,
Exercise 10 mile's walk for 145 min, (5 miles on the Meadows and 5 miles over
the treadmill)

NEFA Glucose 0, used R.Q

m-mole/litre m-mole/litre mI/min x 7
Basal 0.99 - 182 0,814
Exercise for 85 min, 2,29 50 2283 0.810
» 119 % 2453 - 2276 0.810

b " ‘_1.145 " 2.98 b 2173 0. 813

R

Recovery for min,




TABLE VIII

Effect of Exercise on the Level of Non-esterified Fatty Acids in the

Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No,

16

Subject GeGeWe

Age 21

Ht. 178 em.

Wt. 63.9 kg

Exercise 10 miles walk (5 miles on the Meadows and 5 miles over the treadmill)

NEFA Glucose 0, used
m-mole/litre m~mole/litre m_zL/min EsQ»
Basal 0.96 4,28 200 0.98
Exercise for min,
After 90 mine 1.08 3.45 - -~
® 120 © 1.67 3400 1145 0.81
noo160 ® 1499 3400 1590 0485
" 180 n 2637 3400 - -
min,

Recovery for




TABLB IX

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No. 714 Subject M, J.He Age oo Ht. 183 em, Wt 104 kg

Exercise  y.1k for 50 mine at 4 m.pshe 6% gradient with 10 kge load

NEFA Glucose 0, used R
m-mole/litre m-mole/litre mI/min Qs
Basal : 1.04 5447 Leh 346 0,82
Bxepols ek ion g b ry 1.62 5447 2677 0.91
" 290 ® 1.79 5ell 2533 04,90

P, S . R

Recovery for min,




TABLE X

Effect of Exercise on the ILevel of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 17 Subject G.G.We Age 21 Ht. 178 ems Wt. 63,9 kg
Exercise  Three consecutive one mile runs (one mile run/5 mine 30 sec.)
NEFA Glucose 0, used R
m-mole/litre m-mole/litre mi/min Q.
Basal 081  5.12 289 0,86
Exercise for min,
* Mtﬁr 15 mins. 1.01 3.67 - -
M‘tar next 15 mins. 1-09 3.17 ol -
After next 15 mins, 1.09 2,84 - -

o T

Recovery for

min,

* After one mile run for 5 min. 30 sec.,

there is a recovery period of 9 min, 30 sec.
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recovery and gradually decreased to 2,84 m-mole/litre.
Fig 5. shows the eflect of glucose ingestion during
the walk, Insignificant change was noticed in the
plasma NEFA level, The change was a slight increase
instead of a fall vhich was expected. Blood glucose
increased at the end of 45 mins The plasma NEFA 1evei
remained more or less at the fasting level of 0.75
m-mole/l up to 45 minutes. Then there was a slight
increase (0,86 memole/l) which was increased to the level
of 1,01 at 105 min, Then it maintained the same level
to the end of the experiment (120 min.). The blood
sugar after 45 minutes increased from 3.59 memole/1
to 4.33 memole/l. There was then a slow steady rise which
vas noted as 5,84 memole/l at 105 minutes and remainéd
s0 up to the end of the experiments R.Qs siowed
a slight rise from 0.81 to 0.93.
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CHAPTER VII

The gradual rise in the concentration of circulating
NEFA with exereise found in the present investigation,
can be attributed to the mobilization of fat, From the
observed R.Q. it can be caleulated that about 23=25 ;.
of fat was utilised by the subjects. It may be
presumed that the presence of an increased amount of
NEFA in the blood, shows that it 1s due to the greater
utilization of fat for energy. In the present
investigation there is no evidence regarding the
utilization during exercise., The fall in R.Q. and
lowvering of blood sugar may indirectly support the use
of NEFA by the muscles. However, there was no correlation
between the R.Q., blood sugar level and the increased
amount of plasma NEFA, It is thus rather difficult
to conelude that NEFA itself was utilized by the muscles,
from thepresent experimental date. However, there are
some evidences regarding the utilization of NEFA from
the experiments done by others,

Bing and his associates (1954) demonstrated that
the heart extracted a great deal of fatty acids, which
if completely burned could account for about 70% of

the cardiac oxygen consumption, There is no doubt that




thege fatty acids are NEFA, GCordon and Cherkes (1956),
gave evidence that nonessterified fatbty acids are the
pﬂncié%alalt:yps of lipids extracted by the heart.
Gordon/{1957) has shown that the human forearm usually,
but not always, takes up more fabtly aclds than it releases,
This suggests that fatty acids are directly taken up

by the muscle cellss It is difficult to measure
utilization of a substance directly., Measurement has
been made on the basis of srtariavénaus differences,
which reflect the sum of a number of possible effects,
such as deposition into fat depots, releasec from

depots and uptake by mmscle. However, in vitro work
during electrical stimulation of muscle hes shown
utilisation of NAFA (Frits m, 1958) .

No other evidence regarding the NEFA level of
plasma durlng excrelse had bsen obtained, when the
present investigation was dones Much later experiments
during exercise wore anns by some othor workers.

Priedberg ot als (1960) showed that 7 min, after
the stert of exercise the mean plasma NEFA in seven
subjects fell from 0,85 to 063 menole/l, and remained
at this level for & further 8 ﬁin. when the exercise
was stopped, No measurements of plosma NEFA was done
before 15 min. during the recent investigation. But
at this time in four among the twelve subjects the
HEFA level was below the resting level (gga Anpendix).
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The data of Friedberg g&_gi}?fg%icate that exercisge
lovers plasma NEFA, but do not reveal whether it is due
to an acceleration in the utilisation or decrease in the
release from depots. They showed by means of palmitic
acid 1-cl4 that there was an accelerated removal of the
NEFA, Also, they observed thatthere was an increase in
plasma concentration of this radio-isotope immediately
after exercise, They suggested there was an increase
in mobilization which supports the observations of
the present investigation,

Carlson and Pernow (1959), catheterised both femoral
veins in their subjects and then exercised one leg only
on a bicycle for short periods of times The NEFA
concentration in the plasma from the exercising leg was
in all instances lower than that from the resting leg,

The sbove observations are all consistent with the
view that the muscles can readily utilise NEFA from the
| plasma as a source of energy. So, it may be
mobilised in excess of immediate needs and result in a
rise in the plasma NEFA level,

The results ef the present investigation lead to the
tentative conclusion that the mobilization of fat is
initiated by the factors which create a need for additional
energy productions It is conceivable that the fatty
acids oxidized in the cells of the peripheral tissues

are those fatty acids extractable from the bloed stream.
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This ig surely too simple a view since it is well known
that lipids of tissues are undergoing turnover at
gignificant rates,

Though the present investigation and as the work
of others support the view that there is mobilization of
fat in the form of NEFA during exercise, the physiological
factor responsible for this is not definitely known,
An attempt has therefore becen made to elucidate the
factor or factors responsible for the mobilisation of

fat in the form of NEFA, This is described in Part II,




PART II

ORMONAL FACTO
BIL, 10N O
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CHAPTER VIII
INTRODUCTION

In Part I it was demonstrated that within a few
minutes of the start of exercise of moderate severity
mobilization of fabt as NEFA occurreds It was thought
that this mobilization might be controlled by the
hormones as well as by the autonomic nervous system,
Evidence regarding this is given below,

HORMONAL REGULATION

ANTERIOR PITUITARY EXTRACT From 1925 onwards several
investigators studied the influence of enterior pituitary
on fat mobilization, Best and Campbell (1936) were

the first to demonstrate this influence. They showed
that 3 days following an injection of an extract of the
anterior pituitary gland in normal rats there occurred

a reduction in depot fat followed by an inerease in

liver fate

Weil and Stetten (1947) found that the urine of
fasted rabbits containg a factor which causes fat
accumulation in the liver, when injected inte mice.

No such fect®dr was present in the urine of fed rabbits,
This was nsmed as 'adipokinin', This could be
concentrated by aleohol precipitate and was extracted
from the precipitate by a method similar to those used

for the extraction of anterior pituitery gland.
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Campbell and Lucas (1951) stated that the reduction in
carcass fab was due exclusively to a reduction in
triglycerides They could observe ne reduction in
cholesterol or cholesterol esters and noted a negligible
change in the phospholipids. They concluded that the ,
fate of mobilization of fat from adipose tissue, under
the influence of anterior pituitary factor, was
dependent on the triglycsride content of the tissue,
GROWTH HORMONE  Lee and Scheffer (1934) and Young (1945)
have shown that the injection of growth-promoting
anterior pituitary extracts into rats decreases the fat
content of the carcass. Li, Simpson and Evans (1949)
and Greenbaum (1953) demonstrated similar effects with
purified growth hormone, The lowering of R.Q. and
rapid mobilization of fat te the liver after adminigtration
of growth hormone, are evidence that this hormone stimulates
fat metabolism, This was supported by several workers
(Gasbler, 1933; = Graeves, Freiberg and Johns, 1940;
Greenbaum, 1953).

Weil and Ross (1949) found that doses as low as 100 pe
of purified growth hormone cause a significant increase
of liver fat of mice within two hours, and s doubling
of the control level after 7 hours, Li, Simpson a.nd
Evang (1949) noted a similar increase when they examined
the effect of acute treatment with growth hormone

(5 mg. administered over a period of 6 hours) in rats
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previougly starved for 24 hourss In these animals
the liver fat was increased by 65%. Barrett, Best and
Ridout (1938) and Stetten and Salcedo (1944) have used
deuterium to label the depot fats of the bodys Thoy
have shown, from the rate at which deuterated fats
accumulated in the liver after injections of growth
hormone pituitary extracts, that the primary source of
this new lipid was the body depotss Greenbaum and
Mclean (1953) showed that growth hormone causes a rapid
mobilization of the neutral fat fractions Raben and
Hollenberg (1958) and Raben (1959) reported that
growth hormone inereased NEFA in the plasma,

Engel et aly (1958), Knobil and Greep (1959) and
Wilgram et _8l.(1959) observed a similar effect on the

mobilization of fats

Id gt ale (1949) noted that ACTH has a striking effect
on the mobilization of fat in the liver,

Engel &t ale (1957) showed that ACTH possesses an
adipokinetic activity which was quite different from that
of growth promoting and thyrotrophic hormones They
experimented on rats anaesthetised by pentobarbital
sodiume

Ii et al. (1957) noticed that purified o/=corticotropin
results, in addition to other biological effects, in the

mobilization of fat into the liver of fasted mice.
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White and Engel (1958) reported that the
incubation of corticobtropin with rat adipose tissue in
rat plasma medium resulted in an increase in the
concentration of NEFA in both the tissue and the
incubated medium. This observation suggested that ACTH
increased the rate of lipolysis of neutral fat within
the cell, This was inhibited by anaerobiosis.

ADRENAL GLADS

ADRENALINEG From 1928 onwards, many iuvestigators found
that adrenaline plays an important role in fat metaboliam,
Cori and Cori (1928) concluded from the published
evidences as well as from their own resulis that fat

was the major fuel for the increased metabolism induced
by adrenaline, Investigations in intact animals

suggest that adrenaline elevated ketone production only
when hepatic carbohydrate metabolism was inadequate,
Clement and Schaffer (1947) and MeKay (1937) injected
adrenaline in normal rats and caused an increase in

liver fat.

Gildea and Mann (1936) injected adrenaline to
11 normals and 5 patients, in amount sufficient te
increase blood suger and blood pressure in the
aubaequant two hours, They noticed a moderate, but
consistent, elevation in the level of serum fatty acids.
In the 9 subjects total fatty acids were increased by as
much as 1 to 2,3 mEq/1,




Wool g al. (1954) reported that administration of
adrenaline to demedullated rats restored to normal
the ability to develop a fatty liver following ethionine
administration,

Others showed (Kaplan and Gant, 1955) that
subcutaneous injection of adrenaline in dogs, produced
a hyperlipaﬂﬁia within 24 hours.s This suggests that
adrenaline has an effect on fat mobilization. Pari passu
with an action on fat transport, adrenaline increased liver
lipids (Clement end Schaffer,, 19473 Pollack, 19393
Wertheimer, 1926; Weol ‘et al., 1954) and
reduced adipose tissue lipid (Clement and Schéﬁfer).

Dole (1956), Gordon and Cherkes (1956) and
Anfingen (1956) supported the view of others regarding
fat mobilization, They, however, called attention to
NEFA by showing that it is this fraction which is important
in fat mobilization,

NORADRENALINE  Until 1953 no heed was paid to the
function of noradrenaline on fat metebolism. Aujard (1953
showed noradrenaline increased neutral fat but had no
effect on the cholesterol or phospholipid content of
blood,

White and Engel (1958a)recorded that noradrenaline
stimulated production of NEFA from adipoge tissue
incubated in vitro.

THYROID GLAND, Excessive metabolism of depot fat is an
obvious feature of most patients with hyperthyroidism.

S
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Rich gt al. (1959) showed that injection of l=-triiodo-
thyronine results in the elevation of plasma NEFA
ineuthyroid subjectss The thyroid gland also is thus
concerned in fat mobilization,
INSULIN There is much evidence which suggests that
ingulin affecte lipogenesiss Dole (1956) reported that
after injection of insulin a fall in plasma NEFA occurred,
NERVOUS REGULATION The action of nervous system in the
contrel of fat deposition and mobilization has been
observed by several workers. Bezndk and Hasch (1937a);
Haugberger and Gujot (1937) and Clement (1947) reported
adipose tissue resultsin decreased
that denervation ox,rat deposition and mobilization.
According to Kuré, Toshio and Oknaka (1937) the
sympabhetic nerves inhibit fat deposition while the
parasympathetic nerves promote it.

If the nerve supply of the adipose tissue is severed,
no fat infiltration of the liver could be showne After
complete denervation both fat depletion and mobilization
were réduced, The denervated fabty tissue was found
to possesa a reduced metabolic activity (Shapiro and

Wertheimer, 1948),

Stevart and Young (1959) have provided evidence for
the exigtence of a ketonuria=-gtimulating substance from
horse myscle, Chalmers, Kekwick and Pawan (1960)
demongtrated the pregence of a fat mobilizing substance

in the urine of fasting human beings.
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T WORK ON THE MOBILIZATION OF

It is known that growth hormone and adrenaline can
be responsgible for fat mobilization under certain
circumstancess It was therefore decided to observe
the effect of moderate exercise in patients with
hypopituitarism and after bilateral adrenalectomy,

An opportunity arose to work with human growth
hormone and its effect in one hypopituitary patient
was studied. The effect of insulin on plagma NEFA levels
in diabetic patients with and without ketosis was
investigateds

It is rather difficult to deduce the effect of a
gingle hormone on cells and enzymes from experiments
conducted in vive because a secondary action of the
hormone administered is always possible.s It was thus
decided to study in vikre the effects on adipose
tissue of various hormoneg concerned in the fat
mobilization as NEFA, Since growth hormone was found
to have no effect in vitre, further experiments were

carried out on intact rats.




It is well known that growth hormone helps in the
mobilization of fate It was therefore decided to
observe the effect of moderate exercise on the
mobilization in the form of NEFA in patients with
hypopituitarisme
PATIENTS Two patients served as subjectss One of them,
Mr. J.K. aged 53 years hed been operated on for cystie
epidermoid suprasellar tumour in 1931, at the age of 25.
His pre-operative X-ray report stated there was a
characteristically enlarged pituitary fossa and some
flakes of calcification of the cyst walls above thiss
At this time he had presented with visual symptoms,
After this he remained quite well, until 1954, when
he wasalmitted to hospital in a drowsy statee A
diagnosis was made of acute lymphocytie choriomeningitis
with hypopituitary coma, In 1955 he was readmitted
with a similar but more eevere episode of comas On
that occasion there was no evidence of meningeal
infections In 1956 he was admitted in a drousy state
and was regarded =8 being in hypopituitary precoma.

He responded very well to vigorous treatment with




TABLE XIV

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 23 Sub;ject. Miss I+ Age 38 yrs. Ht, 160 ome Wi, 46,8
Exercise One hour walk on the treadmill at 2.5 me.p.he with 2;% gradient

NEFA Glucose 0, used
n-mole/litre n-mole/1itre mi/min R.Q.
Basal l_ 1.12 5473 177 0,78
Exercise for 15 min, 21 . | 5.56 717 0,83
" * 30 o 1.50 5¢37 725 0.83
" i 2,05 5.28 711 0.84
" " 60 ® 392 5439 740 0482

Amcsas wom o s

Recovery for min,




TABLE XIII

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 22 Subject Miss I. Age 38 yrse Ht. 160 cme Wi, 4648

Exercise One hour walk on the treadmill at 2,5 m.pshes with 25% gradient

NEFA Glucose 0, used

m-mole/litre m-mole/litre m&/min R.Q.

Basal 1.25 511 181 0476 =
Exercise for 15 min, 1,65 5011 716 0,84
el . 171 2461 743 0.82
" nog5 2.05 4,61 748 0,82
" " 60 o 1.91 4434 707 0.83

Recovery for min,




TABLE XII

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No,21 Subject Mr, J.K. Age 53 yrs. Ht. 157.6,cm. Wb, 78 kg

Exercise Qpe hour walk on the treadmill at 2.5 mep.hes with 3% gradient

NEFA _ Gluco:s? 0, us ed R.Q.
m-mole/litre m-mole/litre mI/min
e T 1,22 3,78 253 0497
Exercise f’o:i5 fin. 1409 3,67 851 : 0,80
» %80 1s57 367 1014 0,81
. " 45 " 1466 II3.07 1021 0481 2
» n g0 W 1.72 3,07 1007 P .

Recovery for min,




TABLE XI

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 20 Subject Mr, J.K. Age 53 yrs. Ht. 1576 cme Wt. 78 kg
Exercise QOne hour walk on the treadmill at 2.5 m.p.hs with 3% gradient

NEFA Glucose 0, used R
m-nole/litre m-mole/litre ml/min Q.
e _ 1,18 2,72 217 1.06
Exercise for 15 min, 1.07 2,61 783 0.83
. n30. ® 1.55 245 941 0.83
" " 45 . n 150 2+45 999 0.82
n AR o i S LY 2472 946 ' 0.82

L e

Recovery for min,




cortisone, glucose and penieillin. In recent years

he has been in reasonable health and esrning his living
with 12,5 mg. cortisone daily by mouth. He has a fine
soft skin with deficient hair growth and nceds to

shave only once in two monthes Radiographs of the
skull show much enlargement of sella turcica.

The other patient was Miss I, She was aged 38,
has had evidence of pituitary insufficiency since the
age of 17, when her menstrual periods cecased, She ig
now mainteined on oral administration of cortisene
25 mge and thyroxine 0.2 mge daily and is able to earn
her living as a seamstress and enjoys a new sense of
well=being.

PROCEDURE The same procedure was followed as in the
experiments with normals, save that Mr. J.K. and

Miss I. walked on the treadmill at the rate of 2.5 m.p.h.
with an incline of 3% and 2.5% respectively for an hour.
Blood was drawn at intervals of 15 minutes and the
expired air was collected at every 10 minutes during
the walk, as in the experiments with healthy subjects
described in Part I, |

RESULTS Tables XI, XII, XIII, and XIV show the results
of four experiments, The mean plasma level of Mr, J.K.
was increased by exercise from 1,20 to 1.65 m-mole/l.
Just after the first 15 min, of the walk a fall from 1,20
to 1,08 m-mole/l was noticeds At the end of the

experiment it rose to 1,56 memole/L. R.Q. remained
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constant at 0.82 throughout the experiment,

In Miss 1., the plasma NEFA level increased from
1,19 to 1,92 m-mole/l. No fall wes recorded after
15 mins as happened in Mr, J.K, Blood glucose fell
from 5,42 to 4.9 memole/ls The R.Q. increased {rom
0.77 to 0683 but it remained constant thereafter.

The results of these two experiments su;gested that
in spite of the absence of growth hormone the plasma NEFA
level wag increased, One may conclude that growth

hormone is not the only factor responsible for the

mobilization of HEFA.

PATIBNTS It is known that adrenaline causes mobilization |
of NEFA jp vitro. It was thought that the absence of
adrenal glands might affect the mobilization. So, the
following experiments were carried out.

PATINNTS Vrse E., Mrse Do and Miss R, had undergone
bilateral adrenslectomy for recurrent cancer of the
breast 7, 26 and 54 months respectively before these
observations. They were aged 43, 44 and 56 years. Bach
was mainteined on cortisone 37.5 to 50 mg, daily by
mouths They were in reasonsble health, two of them
looking after their young families and one being

employed in an office at the time of study,.

PROCEDURE This was the same as described above in

hypopi tuitary patients, except that they walked at the




TABLE XVIII

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 27 Subject Miss Re  Age 56 yrses. Ht. 156 ems Wt. 61,61

Exercise Walk for an hour on the treadmill at 2% mep.he and 3.5% gradient

NEFA Glucose 0, used
m-mole/litre m-mole/litre mI/min B«Q.
Basal . 0479 4,06 - 0,86
Exercise for 15 min, 0484 3445 858 0,84
. e I, 1.21 3489 936 0,88
" " 45 . 1.52 4,06 941 0.87
" " 60 ® 1,25 4,06 954 0486

— e

Recovery for min.,.




TABLE XVII

Effect of Hxercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 25 Subject Mpes D. . #8¢ 43 yrs, Hb. 158,7 em, Wt 67,0
Exercise  yak for an hour on the treadmill at 22 mipehs with @ 3,5% gradient

NEFA (lucose 0, used

m-mole/litre m-mole/litre m?L/min R.Q.
Basal s . 0,82 3456 _ 220 0,70
3xercise for ;, min, _1e29 2.%9 1327 0.84
" 3. . 1,64 3445 1310 0,80
n n 45 1.66 : 3422 1297 0.80 g
LSS, 1464 389 1254 0680 © .

R

Recovery for min,




TABLE XVI

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 26 Subject Mrs., B« Age 44 yrs. Ht. 160 ems Wt. 63.6 )

Exercise Walk on the treadmill for an hour at 2% m.pehs with a 3.5% gradient

NEFA Glucose 0, used
m-mole/litre m-mole/litre mi/min R.Q.
Basal 0,93 3.78 - 0.98
Exercise for 15 min, 1.05 4.39 1104 0.91
e e T 1,28 2,00 1139 0,90
® w45 . G ' 4.34 1086 0490
‘ n n 60 W 1.39 4417 1090 0487

a . ma e

Recovery for min,




TABLE XV

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 24 Subject Mrs. E. Age 44 yrs, Ht. 160 cms Wt. 63,6 )

Exercise an hour walk on the treadmill at 2% m.pshe with 3i% gradient

. NEFA Glucose 0, used R
n- mole/litre m-mole/litre mI/min Q.
Besal 0.74 542 202 0472 -
Exercise for 15 min, 073 4,6 1046 0.89
" " 300 W 087 5¢3 1138 0,91
" " 45 ® - 642 1078 0,90
" N.o6ep » 0483 5.7 1036 0491

Recovery for min,
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rate of 23 m.pehe with an incline of 3.5%.
RESULTS Two experiments were done with Mrs, Es There

was no change in the plasma NEFA level in the first
experiment whereas in the second it rose from 0,93
to 1.3 m-mole/l. The blood glucose was estimated to be
5.2 to 547 m=mole/l and 3,78 to 4,17 memole/l reapaotive].y.i
The R.Q. was 0,72 to 0,91 in the first experiment and
0,98 to 0.87 in the second, The detailed results of
these two experiments are given in Tables XV and XVI,
Tables XVII and XVIII ghow the results of the two
studies on Mrs. D, and Migs R. respectively. In both,
the plasma NEFA Level was raiseds In Mrs. D, the
increase was from 0,82 to 1,64 me-mole/l and in
Migs Re was 0,79 to 1.25 m-mole/l. The blood sugar
levels were 3.56 to 3.89 memole/l and 4,06 m-mole/l.

respectivelys In the latter almost no change was noticed
in the blood sugar levels.

The results reported show that there may be

some hormone other than adrensline which is
responsible for the mobilization of NEFA during moderate
exercise, (Results published in Buart, J, exp, Physiol. |
453 1960, 312).
FFECT OF RMONE ON THE 3 N
Evidence has been adducsd which suggests that growth

hormone adminigtration produces an elevation of blood

lipid concentration, a mobilization of lipid to the liver, |
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increased ketone boedy production in vive and in vitro
as well as depression of the R.Q.

Many workers (references are given in Chapter VIII)
have shown that administration of physioclogical doses
of growth hormone markedly increases the concentration
of plasma NEFA; An opportunity arose to study the

effect of human growth hormone in a patient with

hypopituitarism,
PATIENT Miss I., the patient studied during moderate e

exercise; served as the subject for the following
experiment, She was admitted to hospital and ate a
gynthetic diet for 40 dayss During this period,
human growth hormone was administered, This resulted
in the mobilization of fat, as evidenced by (1) a fall
in the resting value of the R.4. (2) a rise in the
plasma NEFA level in the fasting state (3) increased
excretion of ketone bodiess The results of the
experiment have been published (J, Physiol. 1959,
148, P39~40).

CT OF INSULIN ON NEFA L N _TI i

Insulin injection in the diabetic patients with
ketosis (Bierman gt al., 1957, 1958) as well as in
normal subjects (Dole, 1956), causes a rapid fall in the
plasma NEFA leval, No evidence was gathered by these
workers regarding its effect on non-ketotic patients
with high blood sugar levels. As an oprortunity arose,

experiments were carried out with two patients, who were
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non=ketotic diabetics.
PATIENTS Miss H., aged 66, height 157 cm., had noticed
polyuria and thirst 12 months previously. Three
monthg later diabetes was diagnosed, at which time she
weighed 58 kg. Before admigsion to the metabolic ward
of the Royal Infirmaery a diet providing 1800 calories
daily was prescribed, but she was not given insulin.
She lost 5.5 kge in weight, was losing more than 100 g.
of glucose daily in the urine and blood concentrations
before her mid-day meal exceeded 15 m-mole/le

Mrs. MeC, aged 54, height 150 cm., had noticed
pruritus for one year before being found to have
diabetes two months before the study., At that time
she weighed only 46 kg, Before admission, a diet of
2000 Cal, was given, but no insulin. She lost 2 kg.,
excreted 80 to 100 g. of glucose daily and her mid-day
blood glucose concentrations ranged f rom 10 to 12,5
m-mole/les

Neither patient had ketonuria and no diabetic
complications were presents The evidence of absence
- of ketonuria was obtained after their admission to
hospitals The urine was tested with Acetest method
and occasionally a positive result was recorded.

The patients were in hospital for 20 days. No
observations were obtained during the first 8 days,
whilst the subjects became accustomed to their

surroundings and familiar with the experimental routine,
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PROCEDURE For the first 5 days they were fed on a natural
mixed diet and thereafter an artificial diet was
substituted, This diet was a mixture of dried milk
derivatives ("Complan", Glaxo), a vegetable oil
emulsion ("Prosparol®, Duncan Flockhart) and glucose.
The gross caloric value of this diet was aboub 1940
per day, The ingredients for sach patient were
weighed out daily, blended with a measured amount of
water and divided inte four equal portions which were
flavoured with coffee, raspberry, lemon, vanilla or
peppernint, according to individual preference. They
were served as milk shakes at 8 a.ms, 12 noon, 4 pem.
and 8 pems With each of these meals 1,0 g. of sodium
chloride was taken in capsule form.

The patientd day was spent in four types of
activityes They were in bed just over 8 hours each
nights BEvery morning they went for a sixty minute
walk. Most of the rest of their day was spent in
sitting activities, reading, knitting, watching
television and in conversations During the
remainder of their time they were engaged in personal
necessities such as washing, dressing etc.

METHODS

CHEMICAL ANALYSES On the 7th and 8th pre-insulin days
and the 1l4th and 15th insulin days 20 ml, of venous
blood were drawn from the ante-cubital vein at 8 a.m.,

10 a.m.' 12 noon' 2 p.m., 4 p.m., 6 p.ﬂ. befora they
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took their meals. Estimation of plasma NEFA was as
deseribed in Part I. Blood glucose was determined
by a method using glucose oxidase (Hugett and Nixon, 1957).
Glucose estimations were done in the hespitael clinical
laboratory.
BESULTS Figs. 6 and 7 show the blood glucose and plasma
NEFA in the diabetic patients, The mean fasting blood
glucose concentrations were 14,7 memole/l (Miss H,)
and 8,5 memole/l (Mrs. McC), These values fell to
7«5 and 5,4 respectively during insulin therapy. Plasma
NEFA was uninfluenced by insulin as shown in the Figures.
The mean fasting NEFA levels in Miss He and Mrg, McC
before the treatment were 0,68 m-mole/l and 0.87
m-mole/l respectivelys After insulin this became
0475 and 0,84 m-mole/l .

DITIONAL OBSERV.
addition to the above mentioned observations, the plasma
NEFA levels were recorded in two severely ketotic
patientss These patients responded to insulin in a
gimilar way to those reported by other workers, i.e.
the blood glucose and the plasma NEFA level both fell,
PATIENTS Mrse Re, aged 39 years, complained of
pruritus 6 months before she was admitted tothe
hospital (Royal Infirmary, Ward 24), Her own doctor,
whosaw her at that time, prescribed a low carbohydrate
diete The pruritus was improved, but she began to

lose weight rapidly. She lost 12 kge during the next




Date
Before
Treatment
11.8.59
After
Insulin
Treatment
12.8.59
13.8.59
14.8.59
15.3.59
17.8.59

Time

8 a.m,
12 noon
4 pem.
8 a.m,
12 noon
4 p.m,
12 ncon
8 a.m.
8 a.m.
8 &..
12 noon

4 p.m.

NEFA

n—nole/T m-mole/1

1.47
1,67
1.77

121

1.02

1.53

0,74

0.88
0.08
0.86
0.74

0.92

TAELE XX

Mrs. L]

Blood glucose

22.7
29.4
25.4
6.7
1045
17.3
13.0

Acetone
(Acetest tablet)




Before

Treatment

fif'ter
Ingulin

Date

6.8.59

7.84:59
10.8.59

11.8.59

12.8.59

13.8.59
14,8.59
15.8.59
17.8.59

20.8.59

22.8.59

Time

8 a.m.
12 noon

4 P
8 a.m,

8 a.m,
12 noon
4 p.m.
8 a.m.
12 noon
4 p.m.l
8 a.m.
12 noon
4 p.m,
12 ncon
8 a.n,
8 a.m.
8 a.m.

12 noon

TABLE XIX

NEFA

m-mole/1
1.62
1.60

1.95
1.65

0.96
0.8%
0.68
0.92
$437
1.30
0.86
0.84
0.64
0.50
1.01
0.86
0.86
0.91
0.91
0.76
0.83
0.69

Mrs.

Blood glucose
m-mole/1

18.2

2l.4

10.2
. 46
4.6

9.5
a7
4,6

R

Acetone
(Acetest tablet)

+ +

+ +
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6 months and felt progressively tired. For 6 weeks,
she has had severe thirgt, polyuria and her vision
became blurred. Her fasting glood glucose level was
18.2 memole/l and the mean fasting plasma NEFA level
was 1¢62 m-nole/l on the admission to hospital,  The
fasting blood glucose level fell to 9.8 m-mole/l and the
meﬁn plasma fasting NEFA level to 0,88 m-mole/l as a
result of insulin treatment.

Table XIX ghows the blood levels of glucose and
NEFA and excretion of ketone bodies by the Acstest
method at 8 a.m., 12 noon and 4 p.ms As glucose
estimation was at the hospital clinical laboratory,
only a few estimationSwere done in comparison tothose of
plasma NEFA,

Mrse Fuy aged 69 years, complained of polyuria and
polydypsia for 6 monthss Her fasting blood glucose
was 32,7 m-mole/1l on admission and after ingulin treatment
it fell to 6.7 m-mole/l. The fasting plasma NEFA level
fell from 1,47 to 0,70 memole/l., Table XX shows
the blood glucose and plesma NEFA levels and excretion
of ketone bodies.

CONCLUSION The observatinns on two non=ketotic and two
ketotic diabetics suggested that the plasma NEFA level
was influenced by insulin therapy in the latter

but not in the former.
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CHAPTER X

EXPERIMENTS IN VITRO

The most significant source of NEFA in any
quantitative sense is adipose tissue, It is as important
in relation to fat, as the liver to carbohydrate
metiabolisms  When incubated at 37°C it releases
NEFA into the surrounding medium, whether this containg
gerum or serum substitute (e.ge Krebs medium) provided
that serum albumin is present,

METHODS AND MATERIALS Epididymel fat pad from albine
ratg of Wigtar strain was useds The rats weighed

from 150=250 g« The day prior to the experiment they
were sterved for 20-24 hours, only water being given,
Tuerkischer and Wertheimer (1946), showed that after
16«18 hours no glycogen could be detected in the adipose
tissues At the time of sacrifice in the present
investigations there could thus be hardly any glycogen
in the epididymal fat pad.

The rats were secrificed by gass Within five
minutes after their death, the lower abdominal cavity
was exposed after gently displacing the gkin, Then,
thin ends of each epididymal fat pad were seized lightly
with smooth forceps, elevated until the main epididymal

vessels could be seen, The adipose tissue was removed




TABLE XXI

KREBS-RINGER-PHOSPHATE BUFFER

NaCl (049)% 100 ml.
KCL (1.15)% 4 mbe
*

NagHPO, (0.25HM) )

HCJZ.HP o ) 2lmle

*Na P04 and HCl are made up to 100 ml,
with distilled water by mixing 40 ml,aad
2 ml, respectively.

Na* 1135%.68
K* 4,44
Mgt 222

140,34
cL” 126,62
HPO,~ 11,50
Soq —2822
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by a single cut across the base just above the level of
these vessels, The tissue was then removed to a Petri
dish containing 0,9% sodium chloride solution, in order
to be rinsed free from bloods This mlution was at
room temperature (about 20°C),

Usually, before incubation of tissues, ice=cold normal
saline is useds It was found in the present investigation
that excessive handling and chilling result in the
diminished liberation of NEFA during incubations Bach
pad was cut into small pieces and each piece was weighed
peparately on a previously weighed wstch glasss Before
it was placed on the watch glass, its water was blotted
off by meens of a filter papers The object of
weighing the pieces on wabch glass is %o kecp their
weights within a normal range of 90-100 mgs Then,
the piece was transferred to a previously weighed
Warburg's bottle contgining medium in the flask and sgerum
albumin solution in the side tubes The piece was
re~weighed slong with the Warburg's bottles This finel
weighing gave the actual weight of the pieces Pieces
from the same side were used, if possibles The whole
operation took about 25 mine. The medium was the
Krebs-Ringer ~-phosphate buifer, the composition of
which is given in Table XXI. (Krebs, 1933, Calcium omitted)|.

The pH of this solution wag adjusted to 7.4 by adding
0.1l N NaoH end checked with a Pye pH meters The flask
contained 2 ml, of this solution while the side tube

contained 1 ml. of 5% serum albumin Solution in medium,
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The bottle thus contained 3 ml, of liquide The serum
albumin was kept in the side tube until the bottles were
plagced in the bath for incubation, It was observed
that as soon as the tissue came in contact with serum
albumin it started to release NEFA, Just before the
incubation was begun, the albumin solution was tipped
into the bedy of the flask.

Albumin was found to be obligatory for the release
of NEFA, It was also required for lipolysiss 1In
its absence both release and lipolysis stops The
gerum albumin used in the present experiments was the
bovine fraction V of Armour & Co. This material
contained some NEFA in combination which was estimated
by setting up a 'blank! of werum albumin before
estimation of NEFA released by the incubated adipose
tissue.

Reshef et al. (1958) showed that the capacity of
the mesenteric tissue to release NEFA decreases with
time and ceases after approximately 150 mins incubations
There was no such report recorded in the case of the
epididymsl fat pads Most workers, however, have done
experiments for 3 hours., ILikewise, in the present
investigation, the adipose tissue was incubated for
3 hourse Figs 8. shows that the maximum release of
NEFA had occurred within 150 mine and did not increase
further up to 180 mins The tissues were incubated ' .
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{ under air. .o, As the tissue might contain some
preformed NEFA, it was decided to determine the NEFA
content of tissue which was not incubated, This
preformed NEFA was mentioned as 'Initial NEFA'y It
was estimated as follows. Tissues which were not
incubated, after being weighed on the watch glass were
replaced in beskerg containing 3 ml. Kreba-Ringere
phosphate~buffer, The beakers and solution were
weighed before and after addition of the tissues Then
the fluid was filtered through glass wool into
centrifuge tubess The tissues were then transferred
to dry and clean centrifuge tubess To each 3 ml, of
'5% serum albumin in Krebs-Ringer-phosphate buffer were
added and stirred with a glass pipette for 30 sec,
After that, they were left standing on the bench at the
room temperature (about 20°C) for 15~20 min, The
material was again filtered as before, Some of the
tissueg after being treated with serum albumin were
homogenized with water and the materiels were analysed
in order to find out if there was eny NEFA ingide the
tissue after extraction with serum albumine It was
found that the tissue contained a negligible amount of
NEFA, The process of measurement of tissue NEFA was
therefore discontinued after the extraction with

gerum albumin, The filtered samples were left well
corked on the bench and the NEFA analysed along with the
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incubated materials, All samples were analysed in

triplicate.

METHODS AND MATERIALS [Epididymal fat was treated with
l-adrenaline and l=noradrenalins. Adrenaline was the

adrenaline chloride solution (131000 'Adrenalin') of
Parke Davises ©Each ml, contained 1 mgs adrenaline as the
hydrochloride dissolved in physiologicel salt solution.
Noradrenaline used was known as 'Levophed' of Bayer
production, Each ml, contains 1 mg, l-noradrenaline
as the bitartrate.
DOSAGE 15, 30, 60 and 90 pge were used per 3 ml,
mediums  Amounts less than 15 yg/3 mls produced no
effects The minimum dose used wes therefore 15 pg.
From 15 pge to 60 pge NEFA liberation increaseds Above
60 pgs @ fall was recorded in the NEFA concentrations;
no doses above 90 pg. were therefore used.
RESULIS Fige 9. shows the effects of both the hormones
on the releage of NEFA in 5 to 1l observations. Both
induce a steady rise of NEFA from 15 pg. to 30 yig./3 ml.;
a fall was recorded after 60 pg./3 ml. in each of the
hormoness In adrenaline treated tissues the rise was
more pronounced than the noradrenaline treated tissues.
However this power of lipolysis by adrenaline as well
as noradrenaline is similar Lo that of White and Engel
(195¢a) and Gordon and Cherkes (1958)s The only




TABLE XXIV

Effect of ACTH on the non-esterified faity acids
released by epididymsl fat in vitro (Fmoyyloo mg. tissue/Z hr.)

Time of H NIiFA Feleased
incubation (IU/:

0 0 1.93

3 hr. 0 2.47

Z hr. 0.6 2.43

% hr, 0.9 2.41

3 hr. 1.8 2.50

3 hr. 3 2.45

(mean values for % experiments)



TABLE XXIII

Effect of noradrensline on the non-esterified fatly acids
relessed by epididymal fat in vitro (Pmokyloolmg. tissuef3 hr)

Time of l-noredrenaline NFFA relessed
incubation (ngi ml.)

0 . 0 1.90 £ 0.17
3 hr. 0 2.24 ¢ 0.17
% hr. 15 2447 % 0,17
3 br. %0 2.57 + 0.40
3 hr, 60 2.52 £ 0.21
2 hr, 90 2.%6 £ 0.20

{211 figures mean values * standard deviation of
5 to 11 observations)



TAELE XXIil

Effect of adrenaline on thé non-esterified fatty sacide
released by epididymal fat in vitro (rmckyluo mg. tissue / 3hr.)

Time of l-adrensline NEF& released
incubation (PE(Z ml,)

0 0 1,75 + 0,28
2 hrs.- 0 2429 1 0.40
3 Eene v 3.04 + 0.61
3 hrs. 20 2,65 % 1,13
3 hrs. 90 2.12 + 0.94

(all figures mean values % standard deviation
of 9 observations)



difference betwecen the observations made by these two
groups of workers and the present experiments was that
a fallw,:cl:.'icorded ags the dosage was increased, This
fall might be accounted for by the increased fatty acid
oxidation by the increased amount of the hormones,

The amounts of NEFA liberated from the adipose
tissue by the action of adrensline and noredrenaline
was 1475 0 3465 p-mole/100 mg./3 hre and 1.90 to
2457 j=mole/100 mge/3 hrs respectively. The
detailed result is given in the Ta_bles XXII and XXIII,

C ) ORMONES O MOBT T
CORTICOTROPHIN (ACTH) To note the effect of ACTH on the
adipose tissue, experiments were done with Crookes
corticotrophin powders . This cen be obteined in vials
containing 10, 25 or 50 I.Us Vials of 10 I,U. were
used in the present experimentss The powder was
dissolved in Krebg-Ringer-phosphate buffer,
DOSAGE The humon experiment by Leurell and Christensson
(1958) with 10 I.U. of ACTH suggested that the
following amounts of ACTH might be effective in the
liberation of NEFA from the adipose tissues The
dosages of ACTH used in the present experiment were
043y 046, 049, 148 and 3 I.U.
RESULT Table XXIV records the effects of 3 experiments
done with ACTH, No change was noteds




TAELE XXV

Effect of cortisone on the unesterified fatty acid
released by epiaidymal fat in vitro 9umok¥lOO mg. tissue/% hr.)

Time of Cortisone NEFA released

incubation (mg/%ul)

0 0] 1.9%
% hrs, 0 2.36
3 hrs, 0.75 2.%0
% hrs. 1.5 2.%2
3 hrs. Z mg. 2.39

(mean values of 3 experiments)
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CORTISONE Cortelan (Glaxo) wes used, This can be
obtained in vials containing 25 mg. cortisone acetate
per ml, The amounts added to the medium were as
follows:s 0475, 1.5 and 3 mg./3 nl, medium,
RESULT Table XXV shows the effect of Cortelan in
varied doses. From three experiments, negative
results were obtained,
THYROID GROUP OF HORMONES 3+5e3 tri-iodo-l-thyronine
was useds In intact rats 10 pg. of this product
raised the heart rateand oxygen consumption. (Dr. Boyd,
personal communication). As it cannot be dissolved in
water or in the medium, it was dissolved at first in
0,002 N NaoH at room temperature (20°C approx.).

The volume was then made up to the required amount
by adding the medium, I:Si;oun that these hormones
never worked in vitro, as they work inside the body after
their conversion into a gimpler breakdown product, To
confirm this, one experiment was done with dosages

varying from 0,75 pge to 3 Pg./3 ml, No effect was

recorded,
GROWTH HORMONE Thie affects the mobilization of fat by

increasing the output from adipose tissue, as mentioned
in the chapter of Introduction p.37-38. This can be
supported by dome of the experimental observations of
other workers. Brown and Benett (1959) measured the

conversion of 14, lsbelled palmitic acid to 14002 in




human subjects with and without this hormones The
percentage of the label appearing as 14602 was not
changed by the hormone, but ag there was a greater
amount of plasma NEFA after the adminigtration of the
hormone, the total conversion of fatty acid to Co2 was
ghown to be greater after the hormone, Knobil (1959)
incubated adipose tissue removed from hypophysectomized
rats and found en increased release of NEFA from fat
from animals receiving growth hormone, This was
determined by the total amount of NEFA present in the
tissue and medium at the end of incubation, 1In the
present experiments the effect of growth hormone on
adipose tissue was studied in vitro.
METHODS AND MATERIALS  Adipose tissue was used. The
bovine growth hormone (NIH) was obtained from Clinical
Endocrinology Research Unit, Edinburgh and Professor
Wilhelmi (Atlanta).  The amount used varied from

0s3 to 3 mg./3 mls mediums A4s it is difficult to
disgolve in distilled water (Lazo-Wazem etszl,,1958),

it was first dissolved in a drop or two of 0,1 N NaoH,.
Growth hormone is soluble either in acid or alkali,
After it was dissolved in alkali, Krebs-Ringer-phosphate
buffer was added to make it up to the required volume,
Most of the workers have failed to find an action of
growth hormone in vitro (White and Engel, 195€b;

Krghl, 1955), but there has been some experiments in




TAELE XXVI

Effect of one sample of growth hormone on the non-esterified fatily acids
released by epididymal fat in vitro (umol/100 mg. tissue/3hr.)

Time of Growth hormone NEFA released
incubation added
(mg/3ml,)
8] 0 1.92
3 : 0 2.76
3 1'5 3040

3 0.75 %424



which a positive result has been recordeds In the
present investigation, 6 experiments were done with three
different growth hormone preparationss In 5 of these
there was no effect, but in one there was a positive
ef’ect, which is shown in the Table XXVI, The

failure of growth hormone to act in wvitre in the two
samples; lead one to think that like insulin age may
be important for the action of the former hormone,
Hagen g% al. (1959) showed that insulin fails to work
on the tissue of adult rate Small young rats

weighing below 100g. were therefore selecteds Even
the experiment carried out with growth hormone in vitre
gave a negative results The experiments described

in Chapter XI were therefore planned,
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CHAPTER XI

The failure of growth hormone to act in vitro
suggested that intact rats should be used, It was
congidered that growth hormone may act through the
intervention of the sympathetic nervous system and that
the sbsence of the nerves in the excised adipose tissue
may be concerned with the inactivity of growth hormone.
If the action of this hormone depended upon the sympathetig
nervous system, the effect might have been immediates
Some experimenis were therefore carried out to note the
time of ection of growth hormone, An increase in
plasma NEFA level four hours after the administration of
the hormone was shown by previous workers.

Raben (1957) reported that after intravenous
administration of 4 mg, of acetic acid extracted
human growth hormone to a hypopituitary patient, no rise
of NEFA was found in an hour, but there was a four-fold
increase after four hours, No previous literature is
available concerning the effect before 4 hours,

It was also known that doses of growth hormone from
1l mge to 5 mg. per 100 g, are effective in a rat, yet
the minimum effective dosage is not knowm, With these
congiderations in mind the minimum effective dosage was
determined.
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Fig. 10, Plasma non-esterified fatty acid levels in
fasted rats, after injection of graded doses
of growth hormone per 100g. body weight after
a period of 4 hours,



To this end the present experiments were done to
record the time and dosage of growth hormone, which is
effective in the rats.

EXPERIMENTAL ANIMALS Male rats of Wistar strain were
useds The weights of the animals varied from 150-250 g.
They were fed on rat cakes and bread and milke The day
before the experiment they were starved for 20~24 hours.
GROWTH HORMONE Bovine growth hormone was used as in
the in vitro work, It was suggested in 1955, that the
discrepancy in its activity in man might be due to a
species specificity of the hormone (Wilhelmi, 1955).
Data collected since then suppoert this view, Hunan
growth hormone was shown to be metabolically active in
manes The species specificity of the hormone is not
confined to man but applies also to some other specles.
In general, it can be stated that growth hormone
prepared from pituitary glands of lower animals ig
inactive in the higher species, whereas growth hormone
from higher species is active in the lower animals,
Biological testing showed that humaen and bovine hormones
are equally active in hypophysectomized rats.

Growth hormone in doses of

0425 mge to 3 mg./100 g, body weight were injected
intraperitoneallys Fige 10 shows the concentration of
plasma NEFA during a study lasting four hours. 05 mg./
100 g. body weight had a slight effect on plasma NEFA




Fig. 11,
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Plesma non-egsterified fatby acid levels in
fasted rats, after injection of 1lmg. growth

hormone per 100g. body weight at different
time periods.
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level, but 1 mg./100 ge body weight had a pronounced
effects The mean NEFA level rose from 0,72 to 1,25
memole/l, - Details are given in Table XXVII,

The experiments were done with twenty rats,
Js there was slight increase only after 0.5 mgs and a
bigger rise after 1 mg. per 100 g, body weights the
latter was considered to be the minimum effective

dose.

minimum effective amount of growth hormone was injected
intraperitoneally into 16 rats and groups of 4 rate
killed by decapitation at 1 hour, 2 hours, 3 hours, and
4 hourss Four rats served as controls, Figs. 11 shows
the results in 20 rats, After an hour the rise was
ingignificants From two te four hours the plasma NEFA
level was gradually increased being doubled at the
fourth hour, The mean fasting NEFA level rose from
0469 . %0 1435 memole/l at 4 hrs after growth hormone
injction, Details are given in Teble XXVIII.
CONCLUSION The presence of a long latent period
suggests the effect of growth hormone msy not be
mediated through the sympathetic nervous system.




Ol CT RAT BILISING FAT
N
2-/100g. body weight) %
Experiment No.
I 11 I1I Iv
4 0 0712 0,720 0,740 0,700
4 025 0.716 0.730 0,680 0.800
4 0.50 0.878 0,891 0.%91  0.888
& 1.0 1172 14254 1,230 1.380
2 2.0 1.430 1l.551
2 3.0 1,548 1.588



TABLE XXVIIX

mawmmoom. body weight)

Hours after injection.

0 0.677
: 4 0.825
2 1,056

3 1.023

NEF. 7
(m=mole
Experiment No.

II 111 Iv
0.759 0.594 0,716
0.759 0759 0.776
1.122 0,957 0,924
1,089 1.254 1.304
1.518 1.172 1.419



CHAPTER XII

DLSCUSSION

The experiments of Part I lead to the conclusion
that moderate exercise causes mobilization of fat
as NEFA, Then the question of mobilization was partly
golved in Part Il..

The various factors concerned in mobilization such
ag growth hormone, adrenaline; noradrenaline and
insulin did ﬁot altogether exclude the idea of cne
lipo=kinetic substance,

It is quite certain that adrenaline and noradrenaline
act in the mobilization of NEFA, though moderate
exercige in the bilaterally adrenalectomized patient
ghowed that it may not be egsential, There is much
evidence regerding the effect of adrenaline and
noradrenaline on mobilization of fat from sdipose tissue
in vitro. Also, there is evidence that the excretion
of Catechol amines (von Buler and Hellner, 19553
Holmgren, 1956) es well as the plesma concentration of
adrenaline and noradrenaline (Crag and Beetham, 1957)
are increagsed during exercises Thua the action of
adrenaline was not completely ruled outs Yet the
action of growth hormone in intact rats shows that it
is not the only lipo-~kinetie substance.
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The delayed action of growth hormone after
administration to rats in the present investigation
suggest that this action is not mediated by a release of
adrenalines The failure of the growth hormone to
work in vitro, led one to think that the absence of
sympathetic nervous supply to the excised adipose
tissue might be the oﬁuae. For, Clement (1937) and
Wertheimer and Shapiro (1948) were of the opinion that
the sympathetic innervation of adipose tissue _:I.s
important for normal storage and transports

Thatt the action of growth hormone ig not mediated
by a release of adrenaline is also suggested by the
inability of hypophysectomized monkeys to respond to
exogenous adrenasline by an increase in plasma NEFA
concentration (Goodman snd Knobil, 1959).

The failure of growth hormone to act in vitre
as well as the experiments with hypopituitary patients,
resulting in the increase of plasma NEFA-lava}. during
moderate exercise raise the possibility of some other
hormone being concerned with the high plasma NEFA level.
This does not disprove the action of this
particular hormone, for its failure in witrg might be
explained by conversion of growth hormone into a
different compound in the body before it exerts some of
its effects (Krahl, 1955). The hormone may also

stimulate the production of other fat-mobilizing substancesg.
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It may stimulate the anterior pituitary gland, for it
was found by several workers (references given in the
introduction chapter) that this gland is the agent
regponsible for fat mobilization during fasting,

According to Levin and Farber (1952) the
! fat=-mobilizing hormons® is not identical with ACTH
as neither ACTH nor cortisone alone was able to induce
transfer of fat to the livers

Young and Stewart (1959) mentioned a ketopoietie
gubstance present in horse muscles

. Recently, Chalmers, Pawan and Kelwick (1960)
demonstrated the presence of a polypeptide-like substance
in the urine of people who are actively mobilising and
utilising fats This substance caused trensient
hypoglycaemia, ketonaemia and inc;'ea.sed mobilization
and cataebolism of fat in mice, with depletion of body
fat storess At a concentration of less than 1 ug. per ml,
the material releases non=esterified fatty ecids from
rat adipose tissue in vitrg. The pituitary gland is
supposed to be concerned with its production, It is
apparently neither growth hormone nor ACTH.

All this evidence, as well as the present
investigation, leads one to conclude that several
factors become active during phases of increased energy
requirements. These factors may be tri_-.:gefad by one
lipokinetic substance to affect the plasma NEFA

according to cellular requirements,
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EXPERIMENT 2

Effect of Exercise on the Ievel of Non-esterified Fatty Acids in ths
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 2 Subject A.Be Age 32 Ht. 160 em. Wte 73.2 kg.

Exercise Walk for an hour at 3 miles per hour on treadmill.

NBEFA Glucose 0, used o
m~mole/litre m-mole/litre ma/min Qs
Basal | | 1.26 4.36 202 0.80
Exercise for 30 min, 1,76 3417 966 0.84
" " 60 1.88 3.28 909 0,84

Recovery for : min,
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EXPERIMENT 5

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 5§ Subject R,J.C. Age ) Ht. 176 em, Wt 70 kg

Exercise  for one hour walking at 4 m.p.he on treadmill

NEFA Glucos§ 0 us ed R.Q.

m-mole/litre m-mole/litre ml/min
Basal 0461 4,81 243 0.;?3
Exercise for 15 min, 0,82 5.00 1195 0.78
¥ o gpue O e 4,78 1137 0,76
" " 45 0,86 47 1137 0.75
. n o6 w 1.10 3489 1147 0,76

e

Recovery for min,




70

EXPERIMENT 6

Effect of Exercise on the Ievel of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No. ¢ Subject M,H.D. Age 38 yra. HE. 173,8 en. Wt. 65,5Kke.

Exercise ygalk for an hour ab 4 m,p.he on treadmill

NEFA Glucose 0, used -
m-mole/litre m-mole/1itre mI/min Q.
Basal i e y 0.69 - 196 0.83
Exercise for g5 min, 0.63 = 1380 0.81
" i 30 " 0.84 e 1264 0.79
" "o45 m 0.91 - 1352 078
n o n 40 n 0,98 -~ 1284 - 0,78

Recover:;* for min,
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EXPERIMENT 7

Effect of Exercise on the level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, o Sub ject K.B.R, Age 44 yrs. Hbe 181,3 em. TP+ 79,5 kge

Exercise ywalk for an hour at 4 m.p.h. on treadmill

NEFA Glucose 0, used
m-mole/litre m-mole/litre mI/min B.Q.
Besal . 0,61 6406 262 0.90
Exercise for g min, 0.97 6:62 | 1627 . 0.86
L AT A < 0,68 4,00 1506 0,86
n " 45 ® 0,58 54,00 1482 0.85
. " 60w 1,02 4,00 1488 0.87 ..

Recovery for min,
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EXPERIMENT 8

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No. g Subject g,p, bge 49 Ht. 182 om. Wb+ 63 xg. 35 g.

Bxercise 4 miles /nre for 60 minutes on treadmill

NEFA Glucose 0, used R
m-mole/litre m-mole/litre mI/min s,
B 3 0480 4,2 247 0484
Exercise for 35 min, 0,76 4,1 1195 0,87
« w3 w | 126 3.34 1215 | o.85
L L. 1445 3,11 - <2 ¢

n ‘m 60 1.53 3,11 1256 0.82

e

‘Recovery for min,
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EXPERIMENT 9

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption,

Experiment No. g Subject 8.L. Age 27 yrs. Hb. 168 om. Wt.60 kg,

Exercise yalk for sn hour at 3 msp.he on treadmill

NEFA Glucose 0, used
m-mole/litre m-mole/litre m_zl./min R.Q.
el 0,64 CAgs 204 | 0,78
Exe:rcise for ]_?_ min, 1;01 4.4 “ 1132 0487
SRR Lal4 4,0 1096 0.86
" . 45 N l.41 4,4 1150 0.89
" " 60 1,38 4.4 1127 0.88

Recovery for min,
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EXPERIMENT 10

Effect of Exercise on the Ievel of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No, 44 Subject p o, 4es 21 yrs. Ht- (368 omy = V565,21 kg

Exercise w1 for an hour at 3 m.pehe on treadmill

NEFA Glucose 0, used

m-nole/litre m-mole/litre mi/min R.Q.

-Basal 0,67 4,58 - 0,78

Treroi s oy R 1,02 3.89 1193 0.81

ool s, P Le19 389 . 1128 0.80

Wi g 1442 4431 1240 0.75
" . g = 1,60 3,89 1260 676

Recovery for min,
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EXPERIMENT 11

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption,

Experiment No. 11 Subject L,T, Age o3 Hbe 177 em.  Whe 63,7 kg,

Exercise  Walk for an hour at 3 m.p.hs on treadmill

NEFA' Glucos? 0, uéec'l R.Q.
m-mole/litre m-mole/litre nl/min
Basal ' 0.69 . 5449 1965 0.79
Exercise for ys mnin, 1.06 5e34 1181 0.82
" IR Ao SN La34 5e34 1134 ' 0478
o omogs N 171 501 1081 5 0,77 s
" n oo m 2,01 5493 1072 Oslb .

Recovery for min,
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EXPERIMENT 12

Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

Experiment No. 39 Subject m,B, hge o Ht. 182 ems Wte 61,0 kg,

Exercise An hour walk at 4 m.p.hs on treadmill

m -lnolgll.Ie:F/?itre m--—gigg;;:tre :?&/E?_:d R.Q.

Basal : 0,84 3453 290 0468
Teel g o RS sy 0491 3449 1287 0.80
n w30 W 1,05 3440 1137 0,75
" moa5 W 1.98 2498 1166 0,75
" w60 ® 1,81 - 1224 10,76

£s e - T p—

Recovery for min,
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EXPERIMENT 19

Effect of Exercise on the Level of Non-ecsterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.

63.5 kg-

Experiment No, 19 Subject M.H, Aee 24 Ht. 170 em, Wt.
Exercise dn hour walk at 4 mepshes on treadmill
NEFA Glucose 0, used
m~mole/Llitre m~mole/litre m.zL/min R.Q.

Basal 0473 3.80 292 0.72
Exercise for % Egi.n. 0.83 354 1333 0,76

" 30 - - 1227 0,86

" 45 0,94 4,15 1218 0.87

. _60 1,089 4.06 1238 0.85
Récovery for min, g
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[From the Proceedings of the Physiological Society, 10-11 July 1959.]
Journal of Physiology, 148, 39-40 P,

The effects of a human growth hormone preparation on man.
By A. Basu, R. Passmore and J. A. StroxG. Departments of Physiology
and Medicine, University of Edinburgh, and the Western General Hospital

A primary effect of growth hormone on rats is to act as a specific stimulator
of fat katabolism (Greenbaum, 1953). We have been able to demonstrate this
effect in man, using a human growth hormone preparation. The subject was
a woman, aged 38, who had had evidence of pituitary insufficiency for many
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Fig. 1. Changes in the basal r.q., in the urinary excretion of ketones and nitrogen and in the
level of non-esterified fatty acids in the blood following an injection of a preparation of
human growth hormone.

Fig. 2. Changes in body weight and in the urinary excretion of sodium and potassium following an
injection of a preparation of human growth hormone.

years. After a period of study to establish the diagnosis maintenance
therapy was started with cortisone and thyroxine. Six weeks later she was
admitted to hospital and kept on a constant formula diet, which exactly met
the caloric requirements of a standardized regimen of physical activity. She
continued to take the same doses of cortisone and thyroxine, but no other drug.
After one injection of a preparation of human growth hormone, evidence of
increased fat metabolism was provided by: (1) a fall in the resting value of
[p.r.0.
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2

the R.qQ., (2) a rise in the urinary excretion of ketone bodies, and (3) a rise in
the level of non-esterified fatty acids in the blood in the fasting state. Associ-
ated with these changes there was a fall in urinary nitrogen, presumably due
to the sparing action of the increased fat metabolism on protein metabolism.
Figure 1 shows these changes and indicates that they started within 24 hr
of the injection and were at a maximum 3-5 days later.

Changes in the water and electrolyte balances have followed the injection of
growth hormone. There was retention of both sodium and potassium, shown by
falls in urinary output, and also retention of water, shown by a sharp rise in
body weight. Figure 2 indicates that these changes took place in the first
24 hr, and that the extra water and electrolytes were retained for 3 or 4 days
and were then excreted. In addition, after the injection there was increased

excretion of calcium in the urine and a small rise in basal oxygen con-
sumption.
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