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CHAPTER I

INTRODUCTION

For many years adipose tissus was considered an inert site
of fat storage., Investigations during the last thirty years, and
especially the last few, showed that it is & metabolically active
tissue where oxidative processes, as well as fat synthesis and break-

down cccur,

Histelogy and Esbryology of Adipose Tissue

Although about fifteen percent of the msmmalisn body by
weight is adipose tissue, the large proportion of lipids to protoe
plasm in the cells make histological and morphological studies of
this tissue rsther difficult. The lack of clear distinction between
wvhite or yellow fat, characterised by having a single large lipid
vacuole, and brown fat containing numerous small fat droplets in the
cytoplasm, make embryological studies difficult because of morpho-
logicel similarity during embryonsl lipogenesis.

Isclated sdipose tissue cells are a;;hcrical » but oval or
polygonal when crowded. The 1ipid vacuole is surrounded by a thin
film of cytoplasm with the flattened nucleus in a relatively thickened
ares on one gide of the cell, Mtochondria and a Golgl complex are
present in the cytoplasm (1), The cells are surrounded by a delicate
network of reticular fibers. The lipid vacuole is formed by the

wle



combination of numerous small fet droplets formed in the cytoplasm
during the embryological development of the cell. The tissue is
usually subdivided into lobul # by thin septa of fibrous connective
ticsue with blood vessels inside the septa (2).

The erbryological orivin of adipose tissue has been a subject
of controversy for & long time between investipstors who believed
thet it is derived from primitive connective tissue cells which depow
sit fats (1,3), and those who claimed it is a distinct tissue arising
from special mesenchymal cells (1), Clark and Clark (4) observed
adipose tissue formation in vivo from cells histologically identical
to ordinary connective tissue,“supporting the first hypothesis,
Hausberger, on the other hand, showed developrnent of fat cells by
transplanting the anlagen of perirensl fat body of newborn rats.

Upon similar trensplantation of embryoniec connective tissue no adie
pose tissue wes formed, implying ite distinct oriisin fror connective
tissue (5). Int rconversion of the twc tissues has been reported by

Sheldon (6).

Composition of Adipose Tissue

"In a well fed enimal eighty five percent of adipose tissue by
weight is made up of fat, primarily triglycerides (7)., Small amounts
of phospholipids are found on t'e protoplasmic membranes. Rrown fat

on the other hand, contains much les- neutral fat, but lerge amounts



of rhogrholipids in the mitochondria, :Jucolipius, cholesgterol, and
probebly fatty acics (1,2,8) and is richer in proteins (10,11). &
small pool of free fatty acids in the edipose tiscsue acts as 2 prew
cursor for triglycerides (9).

Fat soluble vitamins are stored in adipose tissue (8).

Polysaccharides are found in t.e cytoplasm of fat cells, The
precsence of glycogen depends on the nutriticnal state of the animal,
and is eglso controlled by the nervoug system and insulin. Normally
the rat aiipose tissue is devoid of pglycogen during daylight hours,

varisble small amounts being formed at night (1,2,8,12).

Metebolic Activities of Adipose Tissue

Many of the enzymes involved in the major metarolic pathways
have been found in adipose tiscue, implying the probability of different
metabelic activities occuring in this tissue (1,2,2,10,11,13,14),

In fact, meny of the intermediery metabeolic pathways have been shown
in fat cells, such as glycolysis, the tricarboxylic scid cycle, the
hexose monophosphate shunt, glycogonesis end glycogenolysis, fatty
acid and triglveeride synthesis. liost of the;e reactions are undsr
hormonal control.

Triglycerlde synthesis and storage in adipose tissue 1s cone
trclled by insulin, Addition of glucose or insulin to tissues frow

fed enimels incutated in the presence of heparin and triglyceride causes



release of a lipase which hydrolyses the tri.-lycerides enha&ncing uptake
by the tissue (15«17). (lucose also favors triglyceride synthesis

in the tisszue by providing rlycerol phosphate during glveolysis (18-20,
26). Hormones contrelling fat mobilizstion, edrenaline, norsdre-
naline, thyroid stimulating hormone, adrenccorticotropic hormone,
growth hormone snd glucapcn seem to do so by stimulating a lipeolytic
process. many of them accompanied by an increase in oxygen and glucose

uptake and lactate production indicating enhanced glycolysis {21-27),

Fatty Acid and Triglyceride Turnover in Adipcse Tissue

Rittenberg and 3cheenheimer were among the Tirst people who,
by use of deuteriuvm, showed fatty acid turnover in adipose itissue with
an estinsted half 1ife of 5-9 deys (28,20), Mcre recent investigators
reported longer halt lives for fatty acids and triglycerides, Stein
et. eal. (30) incutated rat epididymal adipose tissue in vivo and in
vitro in equimoler mixtures of 9,10 H® labelled pelmitic acid and
1 ¢14 1inoleic acid. By comparingz the radicactivity in one pad right
after the incubation end the second after cne, two, or wore mcnths
they found meen half lives of 163 deys for pailmitic end 187 deys for
linoleic ecids. FEven longer half lives of linoleic acid, 350750 dayps
in human adipose tissue wes found by Hirsch end his collaborators (51).

Gorin and Shafriy studied triglyceride turnover in adipose

tiscue by the release and reesterification of glycercl and estimated



B

an average half life of 41 days (32),

The degree of transesterification between triglyceride molee
cules war studied by the use of 014 palmitate., Only a slow intermole-
cular rearrangenent of triglyceride fatty acids wa- seen as a result
of hydrclysis and reesterificatiocn rather than transesterification (33),

The data from these varicus experiments sugpest the presence
of two lipid metabholizing compartments in adipose tissue; a sxall
one in the cytoplasmic particles having & repid turnover rate with
the plasma fatty acid pool, and the main lipid vacuole with a very

slow turnover (80).

Mobilization of Adipose Tissue = Free Fatty Acide in Blocd

Interest in the role of free fatty acids in bloed increased
simultanecusly with the study of adipose tissue metabolism. Exerie
mental evidence for the presence of free fetty acids in plasma came
first from Sgent-Gyorgi and Tomiesnga in 1924 (34). Kelsey and Longe-
necker (1941) repcrted the presence of free fatty acids in the lipid
fraction of bovine planme (35). 1In 1947 Davis found free fatty acids
in humen plasma (38), and Cohn in the altumin fraction of human plase
ma (37). The importence of plavma free fatty acids wer not considered
t111 1956 when Dole (38), and Gorden end Cherkes (39) reported the
dopendence of their levels on the nuiriticngl astate of the snimel.
Thev concluded tha* free fatty ecid is the form in which fat is trense

ported from depots during fasting,



The relative conpostion of individual free fatty acids of
plasma, on the orher hend, was found tc be relatively stable during
fasting end ingestion of different feis. This was expleined on the
bagis of their rapid turnover between blood end tissue pools (40).

Further investigetions showed that the plasma free fetty acid
Jevel is also dependent on hormenal influences on the adipose tissuve,
Insulin causes & fali in bloed free fatty acid levels by favoring tri-
glyceride synthesis in adipose tissue, wherees lipolytic hormones
especially adrenaline and ncradrenaline favor release of free fatty
acids by adipose tissue. The effect of adrenaline infusion in vive in
ihcreasing free fatty ‘acid release from adiposc tissue is shortlived
because of the sirmltanecus increase of giwcouse in blood end its
utilization (16,19,41-47). Noradrenaline which has little effect
on glycogenolvsis causes a more susteined slevation of btlood free
fatty aciis (42,44).

As interest in blood adipose tiscue free fatty acid increased
methods for the determination of their ccncentraticns were developed.
Earlier methods by Dole (38) and Gordrn (48) were based on their
titration with dilute alksll after extraction with orgenic solvents.
More recently colorimetric methods were develcped (49,50).

Isotcpes were alsc used te trace fatty acids and their me-

. tabolic pathways. Schoenheimer end Rittenberp (28) used deuterium
labelled fatty acids to study their turnover. Later when ¢4 lavelled

fatty acids were availeble these were used extensively to study fatty
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acid and triglyceride metabolism in vivo znd 'n vitre.

A considerable amount of lit:rature exists abcut the in vitre
study of sdivecse tissue metabolism, carried mainly on rat epididymal
adipose tissuve. Small zmounts of the tissue are incubeted in various
medie, meinly serum end Krebs phosphate buffer, for variocus lengths
of time, and the effects of varicus factors studled. Uptake of free
fatty acids from serum by adincse tissue in vitro was reported by
Cahill et. al. (21), Stern and Shacire (51); release inte the medium
by Veuznan (9), and in ths presence of sllumin by Cerdon and Cherkes (18),
There wat no release of free fatty acids gglgiggg_in?gbsence of
albimin (52=54),

Various techniques have been used to siudy adipose tissue
metabolism in wvive, Fatty acids labelled with 014 were injected intrae
verirusly to snimzls and their rates of reroval from hlood mearured (55-57).
Arteriovencus (A-V) differences of free fatty acid levels across
varicus orgens were glso gtudlied under different conditions to mea=
sure rslease and uptake by these orgens. CGordon ond Cherkes (39),
Gordon (48), anc Miller et. al. (58) messured AV differences in
blecd perfusing the normel and fasting humgn myocerdium in vivo., AeV
differences in liver (59) end in nuscle (62) were also studisd, all
showing free fatty acid ::teke by these tiseues. JAdipose tisnue,
on the other hand. was found to release frec fatty acids (58,%61).

Althoush measursments of va differences across organs is

one of the best rethods to study fatty acid metsholism, it is li-
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mited to tissues where anstomy snd vesculzrizetion 1s satisfactory.
In the exnorisents on a’inose tissue ronticned shove the venous
Plood often dreined several tissues ecpart from adipose tissue,

To overcorme thies 417Miculty we used the ™ rian sheep Oriles sries

var, crg=sicandus which hes & larpe ta'l corposad entirely of

i

white gotlieoce tissve, dreined by twe mein lat.ral veins which can
be cathetorized to obtain bleed =arples draining asdpose tissue
exclugively. Thisc made collectlon of larpe vencus semples possible
to measure A~V differences -ecress the tail. Biopsies from the tail
were used for in vitre observations, making compariscn of in vive
and in vitro studies possible,

S far, in the mejority of rereorted studles analyﬁes were
done for totsl free fetty ecid concentration, very few on the ine
dividuel fattv acid compositién. Kelsev and Lengenecker listed the
tovine piasma free fatty acids hy fracticnaticn (35). Dole
studied the free fetty acid corposition of human blood by silicie
scid column chromstogrephy and ges liquid chromatorraphy (62).
Miller et. al. (58) used Barker-Coleman gas liquid chrometography
to detzrmine 4~V differences for individual free fatty ecids

acrose varicus tissves in dogs. Durinc the last few years Ar.on gos
licuid ehromegtoprap y wes introduced for individual free fetty acid
study, Reed and Awdeh (83%) uzed it to study sheep triglyceride fatty

acids frem different sites in adirose tissue. Certon and Duncan (84)
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alge used it to determine the free fatty acid composition of shecep
plasma, Ve cdopted Argen gas licuid chromastogrephy for the quanti-
tation of individusl free fztty acids and tripglyceride fetty zcids
in sheep serum gnd teil blopsies, and to siudy the effect of adre-
naline, neradrenaline and glucose sdministretion on fatty acid mobile-

lizetion in normel and fested sheep.



CHAPTER IT

MATERIALS AND METHODS

Preparation of Sheep and Procedure of Experiment

Male, non-castrated Syrian sheep Ories aries var. crassicandus
weighing 20-40 kg. were bought from the local market and képt on a
diet of barley end water ad libitum for at least ten days before the
experiment.

The operation was cerried in the animal operating room, under
partially sterile conditions. Ususlly all animals were fasted over-
night before the experiment, but some were kept without food for
40~145 hours for the fasting experiments. Intravenous pentobarbital
was used for snesthesia, with an initial dose of 25 mg/kg body
weight, additional injections being given when necessary during the
experiment. Blood and tissue samples were taken at least thirty
minutes after anesthetizing the animal to minimize the effects of
endogenous adrenaline secretion during the induction of anesthesia,

A small incision was made on the hind leg of the sheep to
expose the femorsl ertery and vein. An indwelling Cournand needle
was placed into the artery and a thin polyethvlene catheter into the
vein., Repeated blood samples could thus be collected and Injections
given into the femoral vein.

A mecond inclision wes made on the ventral side of the tall

=10~



wlle

and either the main vein or one of its tributaries was catheterized
with a second peclyethylene caetheter to collect venous blood from the
tail. A small volume of 0.3 percent ethylene diamine tetraacetic
acid (EDTA) was pushed into the catheter with a syringe to prevent
clotting, In seversl experiments clotting in the vein prevented
further collection of btlood. Direct venipuncture was used in ‘cheaa
cases, Occasicnelly experiments had to be discontinued becsuse of
failure to obtein adequate amounts of venous blood,

Injections and infusions ;rere administered through the few
moral vein catheter either with a syringe or a constant flow infusion
pump at the rate of 5-5 ml./minute. Adrenzline, noradrenaline and
glucose were infused during different experiments. Sealed ampoules
contairing one milligram adrensline in the form of its hydrc;chloridc
dissclved in isotonic saline were ohtsined from Parke, Davis and Co.,
Detroit, Michigan., This stock was diluted in saline and injected
at the rate of 1 mgm./kgm./minute for 25«80 minutes. Two milligrams
of noradrenaline-d-bitartrate monchydrate® in one milliliter acid
saline pH 5f w;;i:rt: ;ugfcent dextrose solution was ugsed for glucose
experiments,

Adipose tissue biopsies were obtained by meking e new inci-
sien on the tail distal to the first incision ., At the end of the
experiment ell incigions were neatly sutured and the animals were

allowed to recover for several weeks before being used for a second Lime.

“IpNorapinaphrim—d-Mtartrate Monohydrate was obtained from Sterlingw

Winthorp Research Institution Ney York.



In Vivo Experiment

The in vivo experiments consisted of collection of erterial
blood from the leg and venous blood from the tail to study arterioe=
venous differences (A-V) of free fatty acids, glucose and lactic acid.
In some experimente A-V for cholesterol, phospholipids, and totsal
esterified fatty scides were also determined, Measurements were
made on control and fzsted animals before and after injection of
adrenaliné, noradrenaline and glucose,

Arterial end vencus blood samples (R0-30ml.) were collected
simltanecusly &t variocus intervels before and after the injection
of hormonea into 50 mi. plastic centrifuge tubes containing 20 mgm.
EDTA, These were kept in an ice bath until centrifugetion which
was carried within twenty minutes after collecting the samples. The
blood samples were centrifuped in & refriperated centrifuge at 4%
snd 1000g for 15 minutes. Ten milliliter aliqucts of the sera
were added tec suitable amounts of stahdard mergaric acid (n-l?:O)
dissolved in heptane, The test tubes were covered with corks wrapped
with aluminum foil, and frozen until further extrsction for gas
chromatography, carried within the same day, For the other determi~
nations the sera were processed immediately or kept frozen at =4°C
until anslysis,

Biopsies of adipose tissue from the tail were removed after

taking the first blood samples, and occasionally after the infusion
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to compare the free fatiy acid snd triclyceride fatty sclid patterns
with the controls., The tissues were cut with scissors into small
pleces, then passed through a syringe twice giving 8 pastelike mince.
Frozen sections from this materisl revealed that rost of the cells
had microscopically intact cell merbranes. These tissues were then
weighed ¢nd added directly into the extrsction mixture for ges chroe

matogrephy and kept at 4°C until extraction,

In Vitro Fxperiment

The in vitro experiments were carried with adipoce tissue Obw
tained during the in vivo experiments thus ellewing comperiscn of
results, The tissue was prepered as descrited shove for the in vive
gtudies. Two different media were used for incubation:

a) Serum from the first arterial blood sample collected
from the sﬁeep.

b) Krebs-Ringer phosvhete buffer vH 7.4 containing 5% bo-
vine serum albumin,

One grsm of the homogenized tissve war added to 50 ml, Erlenw
meyer flasks ccntaining 7 ml. of the incubation medium with or withe
out 0.1 ml, of adrenaline or neredrenaline sclutions equivelent to
1 ugm. or 33 upm. TFor the in vitro effect of rlucose on free fétty
acid mobilization from the adipose tis=ue 0,1 ml. of ~lucose golum
tion was sdded to raise the medium rlucose concentration to about

200 mem. /100 ml. A1l the flasks were covered with aluminum foil to
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minimize evaporeticn and were incubated at 37°C in a Dubnoff shaking
incubatorr at sbout B0 cycles per minute.

At the end of one or twe hours incubation four or five mil-
liliter aliquots of the media were pipetted inte the extraction mixe
ture simultenecusly with the standerd for gas chrometoprepny. One
or two milliliter aliquots were &lso pipetted for total free fatty
acld dtermination by titration, or glucose &nd lactic acid measure=
ments. In =everal experiments the tissues were washed with szline
after incubation, blotted on filter paper end extracted for free
fatty acid and triglyceride fatiy acid anslysies by ges chromee

torrachy.

Rat Sxperiments

Three in vitro exveriments were carried on rat eprididymal
fat te confirm results reported in the literasture and check on
our experimental procedures. HMale allbino rets weiphing 200250 gwms.
were aznesthetized with ether. A single medial incision was made
ventrall: on the ahdomen, and the testes were pushed upwar:is, out
of the incision., Smell pleces of the epididymel pad fat were re-.
moved and 0.5 gm,.vorticns were weiched and incubeted in 3.5 ml. of
Krebs-Ringer phosphate buffer with 5% altumin and with or without
adrenaline for one hour at 37°C in the Dubnoff shaker. Three mil=
liliter aliquots., were pipetted from the medium after incuhation

and extracted for gas chromatographic anzlysis,
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Chemicel Analyses

l. Free Fatty Acid Determinetion.~ Dole's double extraction method

was adopted fer total free fetty acid determination (65) in serum
samples, incubation media and tissues. The latter were homogenized
in the extracticn mixture in & VirTis homogenizer for 10 minutes.
Serum was extracted with five volumes of a mixture of isom
propanols Heptane: N HyS0, (40:10:1 by volume), Five minutes later
two volumes of distilled water and three volumes of heptane were sd-
ded. The heptane laver wes then extracted with the aqueous layer of
the blenk and titrated sgeinst 1:1000 saturated NaOH from & microbue
rette. Aqueous thymol blue 0.1%, diluted tenfold in absolute ethanol
was uced as the indicator. A standard of 500 uEq/l palmitic acid
in heptane and & blank with distilled water were run similtaneously.
Almost all the interfering substances are renoved by the
double extraction resulting in feirly reproducible velues for free

fatty acids,

2+ Glucoze Determination.- In the earlier experiments the Somogyle

Nelson method (68) was used for the determination of glucose cone

centration in blecod and incubation media. A ZnS%--‘Ba(OH)2 protein

free filtrate of the serum weae used for this assay which i based on
+ b +

the reducing preperties of rlucose on Cu  to Cu , Tha latter prow

duces a blue greenconplex with arsenomolybdate snd is measured phow-

tometrically by comparison with a stendard glucose solution,



Later the glucose oxidase method was adopted to assay for
zlucose, to reduce the effect of interfering substences, Glucose
oxidzase - (lucostet - was obtained from the Worthington Biochemicsl
“Corporation, N. J. The assay is bazed on a coupled engyme system
where rlucose, in the presence of oxyyen and water, is oxidized to
HeUp and sluconic acid by glucose oxidase. The peroxide then reacts
with a reduced chromogen in the presence of peroxidese to produce
the oxidized chromoren, The abscrbmncy of the color developed is
read at 400 mu and corpered with a standard,

Comperative concentraticn studies of sluccse sclutions
ranging from 0.05-0.54 by Glucostat showed that the reaction fole
lows Beer's Lew only in the lower ccncentrations, and aliquots
were diluted accordingly.

Temperature studies zhowed that the method was adequate

at room temeratures, 15-30°C for appropriate concentrations,

3, lactic Acid Determinaticn.- Lactic acid was determined colow

riﬁetrically v the Rarker-Surmerson method (67). The Zn304-Ba(OH)2
protein free filtrate of serum is treated with CuSO4 and Ca(QH),

to remove dextrose end other interfering substances. HpSC4 then
converts lactic acid to acetaldehyde which, when treated with
p-hydroxydiphenyl, produces a purple condensation product, All

the test tubes used for this sscay were weshed very carefully. To
avoid contamination batches of Ca(OH)z and 1580, had to be selected

- to obtain satisfactory results.



4, Determinetion of Cholesterol, Phospholinids and Totel Lipid

§gig£§.- Cholesterol was determined according t¢ the meithod of
Abell et. al. (68). <tholestrrcl in the serum is liberated frem
lipoprctein complexes by treetrent with elccholie XK(H., It is then
extracted with petreleum ether and measured by color development
with ¢ modified Liebermann-Purcherd reavent congisting of 20 vo-
lumes of scetic anhydride, one volume of concentrated 52SO4 and
ten velumes of ¢lacial scetic acid.

Stevert end Hendry's method was used for phospholipid phose
phorous determinations (69). The serum is extracted with 3:1 ale
cchol ether mixture. An aliguot: is then cveporsted and the resie
due digested with 10 N Hp304. Perhydrcl is added to remove the
carvon, the residue is diluted with water. Color is developed by
adding 2.5% Ammonium Mclybdate and a reducer, amino-naphthol-gulfcnic
gcid solution, Opticel densities are compered with that of &
stenderd phosphete solufion.

Assavs for the totsl esterified fatty scids were carried ace
cording to the method of Stern and Shepiro (70). The esterified
fatty acids are treated with hydroxylemine in slkaline soluticn to
yield hydroxaric acids which produce & red to viclet ceolor wiih
ferric chloride. The ccler iz ccmpered to 2 standerd triacetin

solution in ethancleether rmixture.
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Gas Chromstography

1. Principle.~ Gas chromatography is & method of separating compo-
nents of mixtures. As in all chromatoyrers one phase of an imnise
cible pair of compounds, (& liquid in this case) is held stationary
in & cclumn, abtsorbed on a porous nonereactive material, while

the second phase (a gas) is moved continuously through it. Corie
pounds which are volatile at the tempersture of the column are
distributed between these two phases, The concentration of the
eluate in the efiluent gas is detected as the gas passes through

a chamber with a source of ionizing radistion, and plotted against

time by an smplifier and recorder unit (71,72).

2, Apparetus and Conditions Used.- The Pye Argon Gas Liquid Chro-

matozraph used in these studies consists of two cabinets, the Anse
lyzing unit and the Amplifier-Recorder unit., The first includes
the detector, the column hester and heater conirol circuits. An
argon tank with & constant {low regulator‘in connected to the top
of the columm by rubber tubing. A soap buvble flow indicator
siows the rate of gas fleow as it passes through the colusn and the
detector. The Analyzing unit is connected to the Amplifier-Hecorder
cabinet by mecans of a coaxisl cable,

Pyrex columnas 4 ft, long, with & 4 mm, bore diameter, obe

tained from Pye and Co, Cambridge, ingland, were used, The sup-
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porting material was celite, and the stationary phase Apiegzon L
grease. The columns were conditicned by heating for twe days at
220°C with a slow flcw of ergen. Chromatography of fatty ecid
methyl esters wae carried at 196°C and 1250 veits, with & gas fiow
of 50«75 w1, per minute. The sengitivity of the grplifier wss ade
Justed according to the sample used, usuelly avoiding the hishest
sensitivity to winimize ary effects of impurities, The chart
speed was kert 8t 1 in/6 min 211 throush. Under these conditions
separaticn of & wmixture ranging from lauric to stearic acid

lanted sbout 80 minutes.

To deterrine the dependsbility of the chromatopraph we care
ried separations of the National Institute of Health's standard fate
tv acid mixture ¥ ranging from 14:0 to 24:0 cartons, cobteined from
the Applied Science Laborstories, Inc., State College, Fennsylvania (73).
The results are presented in teble I wiilh the true values and the
average for the same mlxture from three other laboretories using

the Pye Argon Chromatograph.

5. Preparation of Samplez.- The free fatty acids in the sera or

incvbetion media ere extracted in @& marner similar to thet described
gbove for totel free fatty acid extrsction, Fifteen milliliters of
904 ethyl alechol is added on the heptane leyer and 1 ml. of 0.1%

agueous thymol blue indicator. The free fatliy ecids are then cone
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Table 1

Gas Chromatographic Analysis of N.I.H, Standard Fatty Acid Mixture F.

P s kdeids I o e
2lis0 L7.0 L5.6 L8.72
2210 25.4 254k 2L.7h
2010 13.6 14.03 12,47
18:0 7.3 T.b 7.30
16:0 k.2 L6 Lokl

11;!0 2.5 2.7 2037
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verted to their sodium salts snd dissolved in the slcohol-water
laver by the addition of 0,02 N NaOH. The solution is washed

twice with petroléum ether tc remove non-saponifiable fractions.
The fatty ecids are then libersted by the addition of 1 N H2804,
and extracted in petrcleum ether and dried over anhydrous Nap30,.
The free fatty scids ere methylated by refluxing in 0.5 N anhydroue
methanclic HCL for 2 hours on a water bath, This is then eva-
porated under nitrogen, dissclved in petrocléum ether end washed
with 5% NeliCOg to neutrslize eny acidity left, and dried over an=
hydrous NepSUs. The samples are kept in the freezer until applica-
tion on the gas chrometogrem (38,40,74).

Appropriste amounts of & standard mergsric scid solution in
hepténe is added to the extraction mix@ure gimiltaneously with the
sarples. Mergeric acid (n 17:9) was obtained from L, Light and Co,
Ltd., Colntrock, England., Norrmally very little (3-4%) of this acid
occurs in sheep serum or tissue and the arteriovenocus defference is
neglisible, making this fatty secid & suiteble internal standard.

For triglyceride fatiy acid deterwiration the tissue is ex-
tracted with & mixture of chloroform: sbsolute methanol (211 v/v) (75)
water is then edded :nd the lower chloroform layer containing the
trizlycerides collected. Hydrolysis and rethylation of the tripglye
ceride fetty acids 4s achieved by refluxing with methenolic HCl as

descrived in the free fatty acid procedure,



The petroleum ether solution of methylated fatty acide is evaw
porated under nitrogen ir a centrifuge tuhe and an alicuot of the
remaining fat applied on the column, Usually the semples are very
small end rust be centrifuged to make nipetting possitle., The plpet=
tes used consist of short capillary tubes with lon: stems and & rube
ber tuhing st the end with capacities of 0,025, 0,050 and 2.100ul.
The gsmplee are drawn by capillerv action. To leed the colum the
gos flow is stopped with a clarp fur & short time t¢ allow the prese
sure in the colurn to fell, the glass connection on tip of the co-
lurn is opened end the sampls applied on a smell plece of .lase wool
restiny on the suppeort. The pas flow in started as goon az possibvle.

Antydrous metheanel was prepared by refluxing methancl with
iodire and powdered magnesium for S0 minutes and then distilling,

Anhydrous methenelic H({1 was prepsred by generating HCl by
the aciion of cencentrated HpSC, on NaCl in an Erlenmeyer flesk.

HOl gas produced was passed through ca012 te reove melsture and

trapped in & flask centeining anhydrous methancl.

4, Interpretation of the Chrometogrem.~ Figure 1 shows a t..ical

chromategrer, The smell negative peak marks the beginnin: of the
chromstorras, ceused by oxyren enterins the column during the apwe
plication of the sample. With ihe Aplezon 1L column fatty aclds
ranging from 12-24 cerbons asre measured, the unsaturated fatty

acid methyvl esters preceding the ssturated cnes on the chromatogrem.
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Since only negligible amounts of longer chain fatty acids are found
in sheep adipose tissue and serum the chromstograms were stopped
after the psak for stsearic acid,

The peaks on the chromatogram were identified by their reten-
tion times, found by ccmparing the distance of each peak from the
beginning to that of palmitic acid.

The quantities of individual fatty acids were deterndined by
the method of Carroll (76). The heizht of each peak was multiplied
by the distance from the start of the chromatogram to the mid-point
of the bese of the peak. The relative values found in this way
were ccnverted to the absolute concentrations in milligrams by come
paring with that of the internal standard.

Duplicate extractions and chromatographic runs on different
blood samples were carried tc test the sccuracy snd reproducibility
of the technique, and gave satisfactory results. Table 2 shows com=

parisons of three separate extractions of the sesme blood sample.

Lipase Studies |

The lipolytic activity of adipose tissue on specific trie
glycerides was studied by extracting the lipase(s) as descrived by
Rigack (77). The tissue was homogenized in three volumes of 0,25M
sucrose in a Potter-Elvehjem homogenizer in the cold room, The homo-

genate was centrifuged at 11,000 r.p.m. for 10 minutes, The surface
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Table 2

Comparison of Triplicate Gas Chrometographic Analyses On A Serum Sample

Fatty Acid Extraction A Extraction B Extraction C
mg/1.
18:0 35.39 34.99 33.53
18:1 33.39 33.83 33.7h
18:2 & 3 5.29 6.60 5439
17:0 Br 1.58 1.8 1,67
16:0 19.98 21.27 19.04
1611 1,30 1.22 1.2,

Tn this and 8l1l subsecuent tables the first number in the

first colurm represents the nmumber of carbon atoms 4in the fatty acids,

and the pecond numher the number of double honds,
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fat cake was discarded and the supernatent collected. The sediment
contained ne activity when resuspended in sucrose as described by
Rigack, so we used the first supernatent,

The ensyme assay medium censisted of the followingse

0,5M phosphate buffer pH 6.8 0.6 ml

10% bovine serum albumin extracted

overnight with diethyl ether 2.5 ml
Subatrate 0.5 ml
Engyme extract l.0ml
Distilled water Ocd ml

One or two milliliter sliquots were pipetted before, during
and after incubation to determine the free fatty acid concentration
by Dolets double extraction method,

Orade A triclein, tripalmitin snd tristearin obtained from
the Sigma Chemical Co., were used as substrates for the enzyme extract,
In preliminsry experiments the triglycerides were emulsified with 1,2%
lecithin in water to & final concentration of 0.2M, In later ex-
periments lecithin was omitted, and emulsification of the triglycerides
was carried in 1% albumin in the VirTis homogeniger. Olive oil
emulsion obtained from the Sigma Chemical C;. wag found to be unse=-
tisfactory as a substrate because of unreproducible results,

To determine differences in lipolytic activity due to adre-
naline we incubated the tissues with or without adrenaline, then

extracted the lipsse snd assayed with the iriglycerides.



CHAPTER TIII

RESULTS

Triglyceride and Free Fatty Acid Composition of Sheep Tail Adipose

Tissue snd Serum

The major constituents of aﬁipoae tissue and serum fatty acilds
were found to be oleic, palmitic and stearic acids, together forming
more than 80% of the total fatty acide (Tables 3 and 7).

Tissues removed 30-80 minutes after injection of adrenaline
or noradrenaline to the sheep did not show significant differences
from non-treated sheep in their triglyceride fatty acid composition
(Table 3), Fasting for two days increased the percentage of stearic
acid slightly, vhereas after a fast of four to six days this acid
decreased by 39.14% when compared to the normsl; oleic zcid ine
creased by 15% and myristic acid slmost doubledx(Table 3).

The free fatty acid composition in normal tissue was simi-
lar to thet of triglyceride fatty acide except for steeric acid
which was found in higher concentrations in the free fatty acids.
Following a fast of 2.6 days there was ne change in the composition
of tissue free fatty acids (Table 4-A), Adrensline and noradrensline
injections tc the animal caused sn increase in stearic acid, and
& decreasse in oleic acid (Table 4-B), Incubstion in adrenaline did

not alter the free fatty acid composition (Table 5), whereas incue
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Tissue Triglyceride Fatty Acids

Fatty Acid ??’ﬁ) a‘iﬁfiﬁiﬁm afterhgom "0(3’;3“ ?.g;:h%hhi;p)
% (2 ‘exp (1 exp) % A
%" ;
18:0 13.03 13.86 12.96 17.27 7.93
18:1 k0.16 kh.17 43.77 0.10 k6.28
18:2 & 3 ho1k 3.97 L.85 L.88 539
1710 3.51 3.87 2,91 3.83 2.1
17:0 Br - he33 L.23 3.69 3.47 3.66
16:0 25.25 2h.48 25.16 23.05 2.1k
16:1 2.h49 2.09 2.03 1.80 3.57
15:0 2.20 1.88 1.65 2.0L 1.60
1:0 2.62 2.29 - 2.96 2.91 5.53

* Z by IHC;’/\L'
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Table L A

Tissue Free Fatty Acid Composition

Fatty Acid Normal LO hrs fast  90-1L5 hrs fast
(11 exp) (2 exp) 4 exp)

% % %
18:0 18,11 21,73 18.27
18:1 L3.85 Lo.k1 L0.99
18:2 & 3 5.50 6.61 7.17
17:0 Br L.h2 3.71 3.09
16:0 23.04 24,65 26,12
1611 3.1 2.1 2,38
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Table 4 B

Tissue Free Fatty Acid Composition

1 Experiment 2 Experiments
Fatty Acid Con;ml . t:f- r:;dxmim* Con;rol | aﬁerhlsw ?i;?rz::l (g™
18:0 U1 20,21 15.97 19.78
18:1 L7.79 38.20 L6.84 LO.L3
1812 & 3 L.33 5,94 6.0l 6.06
17:0 Br L.35 3.88 L.27 Lo51
1610 26,35 28.53 2L,73 26.63
16:1 2.66 3.23 2,17 3.11

# 0,25 mg injected.
#* 0,25 mg and 1 mg in two experiments.
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Table

Tissue Free Fatty Acids After Incubation With Adrinaline (Fxp. 6, 12)

1 gm tissue was incubated for 1 hour in 7 ml serum & 0.1 ml
-saline for the controls, and 0.1 ml adrenaline
(1 ug) for the experimental.

FFA - mg/100gn tissue

Fatty Acid
Preincubation Control Incubation with
incubation adrenaline

1810 9.42 12,56 10.96

18:1 16.49 16,76 15,06

18:2 & 3 2,76 2,79 2,70

17:0 Br 1.72 2,01 1,70

1610 8.83 10,23 10.76

16:1 0.87 0.88 0.92

Total L0.09 L5.23 42.10




bation with noradrengline caused a decrease in clelc and palmitic
acid concentrations (Table 6).

Ra%ativa concentration of serum free stearic acid in normal
enimals was 60%f higher than in the tissue, and that of palmitic acid
207 lower (Table 7). The effect of fasting on the serum free fatty
acid composition was comparable to changes in tissue triglyceride
fatty scids, stearic acid increasing during a two day fast but decreaw
sing after a longer fest (Table 7).,

Blood samples taken after adrenaline, noradrenaline and glu=
cose injections showed & decreasse in stesric acld, Palmitic acid

increased after glucose injection (Table 7).

Arteriovenous Differences (A-V) of Free Fatty Acids and Related

Metabolites

Arteriovanéus differences . across the tail were measured for
various metabolites before and after noredrenaline end glucose ine
fusion to the fasted sheep (4-€ days), Tables 8 and 9 sum up the
results of these experiments. In spite of the increase in free fatty
acid levels in blood after administration of noradreneline, the
arteriovenous differences remasined unchenged, Lucose and lactic
ecid levels alsc went up in the blocd, accompanied with 33% ine
crease in glucose uptake and 44% decrease in lactic acid release.

Cholesterol, phospholipid end esterified fatty scid levels did not
change (Table 8),
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Table &

Tissue Free Fatty Acids After Incubation With Noradrenaline (Exp, 7, 9, 10)

1 gn tissue was incubated for 1 hour in 7 ml serum and 0.1 ml
saline for the controls, and 0,1 ml moradrenaline
(1 ug) for the experimental.

Fatty Acld Preincubation Control Incubation with
00g tissue incubation noradrenaline
18:0 1.15 9.7 8.03

18:1 o 32.11 .89 21,93

18:2 & 3 k.58 L.l 3.2k

17:0 Br 2,79 3.06 2,20

1630 16.61 23.67 12,66

16:1 1.77 2,09 1.28

Total 69.01 77.88 L9.31




Table 1

Blood Free Fatty Acid Composition

Normal 4O hrs fast 90-45 hrs fast After adrenaline After noradrenaline After glucose

Fatty Acid (6 exp) (2 exp) (4 exp) (3 exp) (2 exp) (2 exp)
y % % % % %

18:0 29.43 33.73 2h.9 23,58 25.69 22.03

18:1 42,17 39.90 16,60 L43.61 " 15.10 Lik.1i8

18:2 & 3 5.79 T34 5.82 7.49 6.61 6.46

17:0 Br 2.37 2,08 2,20 3.52 2,22 2,29

16:0  18.44 15.87 17.30 19.56 19.02 22,07

16:1 1.83 1.03 1.4 2.25 1.37 2.66
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Table 8

Arteriovencus Differences Accross the Tail In Fasted Sheep After Adrenaline (Exp. 19)

Metabolite A Ap - Vg 511* s Sl
Total FFA (uEq/1.) 395 - L7 1000 - k20
Glucose (mg/100ml) 81.9 + 9,0 103.1 + 12,2
Lactic acid (mg/100ml) 25.7 - 9.5 - b6 - 5.2
Esterified FA (mEq/100ml) 0.4l5 0 0.450 - 0,02
Phospholipids (mmoles/100ml) 0.116 - 0,003 0.112 - 0,003
Cholesterol (mg/100ml1) 76 .86 0 68.17 - 3.57

# Second arteriol (Ary) and venous (Vyy) samples were taken 30-45 mimates after the beginning

of adrenaline infusion.

o
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Table 9

Arteriovenous Differences Accross The Tail in Fasted Sheep After Glucose Infusion (Exp. 20).

*

Metsabolite ; A7 A -V A A -V
Total FFA (uEq/l1.) 79 -281 375 -3
Glucose (mg/100ml) . 69.9 + 1.7 368.7 + L7
Lactic acid (mg/100ml) 12,9 - 3.9 37.0 - L0

 Bsterified FA (mEq/100m1) 0.37 0 " 0.L7 - 0.05
Phospholipids (mmoles/100ml) 0.119 - 0,007 0.109 - 0,004
Cholesterol (mg/100ml) 63.2 - 2,6 55.4 + 0.8y

# Second arteriel (Ary) armd venous (Vyy) samples were taken 90 mimtes after the
start of glucoso 1n§\wion.



(uccse infusion to a fasted animal lowered the blood free
fatty acid concentration and fatty acid relesse markedly, while glu-
cose uptake increased slightly. The concentration of lactic acid
increased in blood without any change in its A~V difference. The
chenge in esterified fatty acid, phospholipid and cholesterol levels
and their arteriovenous differences was negligible (Table 9).

Control experiments cerried on three sheep kept undnrkanes-
theeia for thirty minutes showed only slight variations in the serum
free fatty acid levels and the arteriovencus differences, with some
increase in glucose uptake (Table 10),

As in the case of fasted animals mentioned above, ncrmal
animals respcended to adrensline injections by sn incresse in the
blecod free fatty acid and pluccse levels and gluccse uptake. Thg
slight uptake of free fatty acids observed before the treatment in
these experiments decreased by the hormone, but the change in A~V
was insignificant (Table 11). Noradrenaline injection increased
stearic acid uptake slightly, decreased reclease of oleic acid, and
incrsased release of palmitic acid, tut there was no net effect on
the arteriovenous differences of the toteal f;ee fatty ecids. Glue
cose uptake doubled and lactic acid release decreased (Table 12).

In the fasted enimal treated with noradrensline there was no change

in the arteriovencus differences for total free fatty acids, but

release of acids studied by ges chromastography decreased. Stearate



Table 10

Control Arteriovenous Differences (Exp. 1, 2, L)

-38‘

Free fatty acid mg/l. A A - Vo Arg A - vn
1889 - 10.70 - 0.32 10051 - 3¢2h
1831 . 10052 - 3059 9.78 - how
lB: 2 & 3 1.75 - 0079 1.13 - 0076
17:0 Br 1.72 - 1.25 113 - 0.69
1630 9.% - 1o23 ‘ 6.&‘ - 1076
16:1 1.03 - 0,32 1.21 - 0.19
15:0 0.53 - 0,21 0.56 - 1.2
14:0 1.09 - 1.29 0.90 - 0,73

Total ”.3‘ ' - 9.@ 320% - 13056

Total FFA (uEq/l.) 173 - 54 162 - 46

Glucose (mg/100ml) 66 + 1,25 66 + 6.60
Lactic acid (mg/100m1) 8.5 - 0,2 8.5 - 2.9

# Arp & VII were taken 15-30 mimtes after A1 & VI.



Table 11

Arteriovenous Differences After Adrenaline Injection (Exp. S & 6)

Free fatty acid Control : After adrenaline
mg/1. Ap Ap - Vg Arg* A1 -V
18:0 13.18 + 0,99 16.32 + 0,62
18:1 14.15 + 2,10 30.17 - 0.64
18:2 & 3 2.18 + 0.73 528 + 0.37
17:0 Br 1.21 + 0.18 2.+ 0.22
?;\; 16:0 7.07 + 0.51 13.54 - 0.29
16:1 1.12 - 1.56 + 0.09
Total 39.21 + 5,02 69.21 + 0.37
Glucose mg/100ml 90.93 + 22,77 133.7 * 33.7

# Apy & V;; were taken 15 minutes after the injection of 0,25 mg adrenaline intravenously.



Table 12

Arteriovenous Differences After Noradrenaline Injection (Exp. 7 & 9)

=}}0=

Free fatty acid Control 30 min. after noradrenaline®
mg/1.
AI AI - VI AII AII - VII
1830 10.75 + 0036 16.81 + 1070
fo 1821 - 21.56 - 5.52 39.69 - - 2.59

18:2 & 3 3.13 - 1.58 6.52 - 1l.10
17:0 Br 2’01 - 0.&2 3-” - 10%
16:0 8.29 - 0,82 '16.0L - 3.63
16:1 0.93 - 0,04 1.0 - 0.23
Total h6067 - 8002 83076 - 7339
Glucose (mg/100ml) 65.4 + 5.9 123.1 + 10.9
Lactic acid (mg/100ml) 6.79 - .20 12.17 - 146

# 2 mg. noradrenaline in 300 ml saline was infused over 30 minutes.
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release came down alnost to zero, whereas oleic and pelmitic acld
release continued at half the originel rate (Table 13),

Release of all the free fatty scids from the tail to blood
incressed extensively after a long fﬁst ags shown in table 14,

(lucose infusion to a fasted snimal depressed the blood free
fatty scid level by 50%, with relstively small incresse in gluccse
uptake, The lactic acid level in blood increased without any change
in its arteriovenous difference racross the tail. Free fetty acid
relesse into venous blood came down considersbly, while uptake of
oleic, pslmitic and =some other acids started, stesric scid continued

to be released (Table 15).

In Vitro Studies of Tail Adipcse Tissue in Serum and Krebs-Ringer

Phosphate Buffer

Release cof all fatty acids studied by ges chromatography was
obaerved after incubaiion of adipose tissue in sheep serum for one
or two hours., Addition of glucose to tissues from normal sheep supe
pressed the release of stearic and pslmitic acids (Table 16). In
twe other experiments with tissue from aniénls fasted for 90-145 hours
glucose caused 307 increase in free fatty acid release over the cone
trol, mainly for oleic, palmitic and palmitoleic acid, but suppressed
release of stearic acid (Table 17).

Table 18 shows average values from four experiment: where



. Table 13

Artericvenous Differences In A Fasted Sheep After

Noradrenaline Injection (Exp. 19)

Free fatty acids Control (fasted) After noradrenaline

42~

mg/l. ,
18:9 26Q1h - 15.20 uéoso - 0017
18:1 hgox} - 60026 80058 - 35¢75
18:2 & 3 8.22 - 6,35 12.10 - k.32
1730 Br 1.9’-‘ - 1071 2-78 - 1091
1630 17075 - 39021 36098 - 2103.9
16:1 ) 1.&7 - 3:05 2078 - 3-76
14:0 0.70 - 3.38 1.37 - b.17

Total 106 -130 182.4 -7
Total FFA (uEq/l.) 395 ~4h7 1000 «4i20
Glucose (mg/100ml) 82 + 9,0 103 + 12
Lactic acid (mg/100ml) 26 - 9.5 L5 - 5.2

# Ary & Vi; were taken 30-45 minutes after the start of 900 ug noradrenaline infusion
over 25 mimtes.
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Table

Arteriovenous Differences After A Long Fast
(Exp, 1, 2, 3 - control) (Exp, 19, 20 - fast)

Free :;?ty eclds Control Fasted (92 & 145 hrs)
1.
Ay Ay - Vg A Ap-v;
18:0 10,70 - 0.32 © 30.34 - 15.65
18:1 10,52 - 3.59 65.98 - 62,69
1832 & 3 1&75 - 0.79 9080 - 6¢76
1730 Br 1.72 - 1025 202’4 - 20!0)4
1630 9.00 - 1.23 22,33 - 35.94
1631 1.03 - 0032 . ' 1092 - 3056
1h30 1c09 - 1029 0‘96 - 2.86
Total 6.3‘ - 900 13&012 - 129050
Total FFA (uEq/l1.) 173 - 54 557 - 364
Glucose (mg/lOOml) 66 + 1.25 7509 + 501

Lactic acid (mg/100m1) 8.5 0.2 19.3 - 6.7
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Table 1§

Arteriovenous Difference In A Fasted Sheep After

Glucose Infusion (Exp., 20)

Control After glucose
Free fatty acid (145 hrs fast) (302/60 min,)
mg/1.
*
AI AI - VI AII AII - vII

1630 3h053 - 16010 1‘4.36 - )4.82
18.1 82.65 - 65.12 36.17 + | 0.).;8
18:2 & 3 11039 - 7016 Som " 0096
17:0 Br 2.53 - 2.36 1,72 - 0,61
16:0 26.90 - 32,62 - 17.75 + 0,86
1611 2037 - hoo 2008 + 0.16
14:0 1.27 - 2.35 3.23 + 1,69
Total 161.58 -229,71 80,81 - 3420

Total FFA (uEq/1.) 719 -281 375 - 31

Glucose (mg/100ml) - 70 + 2 369 + 5
Lactic acid (mg/lOOml) 12.9 - 3.9 37c° - h-O

# A.. & V__ were taken 90 mimuites after the start of glucose infusion,

II II



The Effect Of Glucose Added In Vitro On The

Release Of Free Fatty Acids From Adi-

pose Tissue Suspension

1 gm. of sheep tail biopsy was incubated for 60 mimtes in 7 ml., of
serum with 0.1 ml, of saline for the control, and
0.1 ml. of 5% glucose for the experimental.

TS et O™ comtror inoubation  inousation with
glucose
18:0 41,58 10.30 L1.86
18:1 58,71 8.34 9.88
1832 & 3 6.70 3.88 3.66
1710 Br 2.63 2,99 2.16
1610 23.07 17.33 0.11
16:1 2,16 6.L9 S.49

Total 1% 4 s 4923 3614
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Table 17

Release Of FFA In Vitro By Tissue From Fasted Animal

Incubated With Glucose (Exp. 19, 20)

FFA mg/1. Preincubation Release during Release during

serum Ay control incubation incubation with

glucose #
1810 30.34 26.1) 20,81
1812 & 3 9.66 12.1h 1.60
17:0 Br 2,91 5.02 417
1610 22,33 69.68 | 19.97
1631 1092 9003 130&0
U0 0.96 6.54 7.85

Total FFA (uEq/l.) 557 887 1125

# 0,1 ml, of 7% glucose added,



i -

Table 18

Relesse Of Free Fatty Acids In Vitro With Noradrenaline (Exp, 9-12)

Free fatty acid Preincubation Release during Release during
mg/1. serum control incubation incubation with
30 ug noradrenaline

1810 39.73 16.63 - 0.2l
1832 & 3 8‘79 9.83 100%
1730 Br 2.81 6.34 8.31
1610 19,60 33.66 L2.02
1631 lohé 2.81 h.lh
Total 119079 160o99 129058
Glucose (mg/100ml.,) 111.6L - 15.94 - 20,84

Lactic acid (mg/100ml.) 1,72 + 6.38 + 8,08
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tissue from normel animsls was incubated with or without noradre-
naline, These show considerable release in the control flasks of
free fatty scide and lactic scid, accompanied with gluccse uptake.
In the fleske with the hormone glucose uptake has increased but
the total free fetty acid release ia less, Stearic acid release
has almost stopped although release of oleic and palmitic scide has
increased,

Regponse to incubation with adrenaline was varied., In two
experiments there was merked increase in the release of all the
free fatty acids during incubation with adrensline (Tsble 19),
for one or two hours did not result in any significent difference
from the controls (Table 20). Release of free fetty acids by
tail blopseies remcved from s fested sheep was almost trebled when
adrenaline was added to the medium (Table 21).

In three experiments release of free fatiy scids into serum
was compared with relesse into Krebas-Ringer phosphate buffer containe
ing 5% bovine serum slbumin., Although there was e merked relesse of
the fatty acids into both media by the cortrol tissues, release into
serun w&a'considerahly more thasn thet inte buffer. Adrenzline
caused further relesse of free fatty acids into the buffer, espe-
cially for oleic acid, wherees it suppressed free fatty acid relesse

by tissues incubated in serum (Teble 22).
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Table 19

Release Of FFA In Vitro With Adrenaline - Increased Release (Exp, 5 & 6)

FFA mg/1. Preincubation Release during Release during
: serum control incubation incubation with
1 ug adrenaline

18:0 9.88 11,95 7h.82
18:1 k.15 23.59 194.00
1812 & 3 2,48 2,19 14.87
1710 Br 1,21 2.8 15,14
1610 7.07 14,23 96.98
1611 1.12 1.24 7.53
Total 35.91 55.68 402, 3L

Glucose (mg/100ml) - 90,7
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Table 20

Relesse Of FFA In Vitro With Adrenaline - (Exp., 11, 12, 13)

Free fatty acid 1 hour 2 hours

mg/1. Control Incubation with Control Incubation with
incubation 33 ug adrenaline incubation 33 ug adrenaline

18:0 16,58 16.52 53.L8 52.39
1812 & 3 6,96 7.05 15.15 16.28
17:0 Br lhlz 3-65 8027 9.13
1630 22,68 22,16 h3.51 50.70
16:1 3005 2059 3069 h035
Total 69.86 88.93 211.75 220,62
Glucose (mg/100ml) 113.42 87.10 86.72

Lactic ascid (mg/100ml) 10.68 15.17 14.92
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Table 21

Releage Of Free Fatty Acids In Vitrc By Tissue

From A Fasted Sheep, Incubated With Adre-
naline (Exp, 19)

Free fatty acids Preincubation Release during Release during
mg/1. serum control incubation incubation with
33 ug adrenaline

168:0 26,14 13,21 L7.05
18:2 & 3 8,22 L.50 16,31
1710 Br 1.94 2.2k 6.92
16:1 147 L.02 13.50
14:0 0.70 3.57 10,94
Total 105,42 118,68 372, 9
Total FFA uEq/l, 395 89l 1315

Glucose mg/100ml. 82




Table 22

Camparison Of In Vitro Free Fatty Acid Release With Adrenaline

In Serum And Krebs-Ringer Phosphate Buffer With 5%

Albumin (Exp. 1, 15, 18)

FFA release into buffer - mg/l. FFA release into serum - - mg/l.

-52-

Free fatty oy

acld Preincubstion  Comtrol  + Adremaline’  Preincubation  Control  + Adrenaline
1830 22050 5'5}4 9.% 27.58 16.90 6:13
18:1 37.56 16.73 k.25 37.52 76499 30.59
18:2 & 3 8.79 0.81 4.68 7.52 10.47 1,60
17:0 Br 5.15 - 0.54 1.91 3.12 8.13 3.13
1630 19.10 7 .65 18.12& 16 516 37.29 16.52
163 1 2- 37 0029 1060 1058 3-72 10 33
Total 95.47 30.48 80.48 103.48 143.50 52,30

# 33 ug adrenaline added.



Rat Adipose Tissue Studies

Epididymal fat tissue was incubated in Krebpeilinger phos-
phate buffer containing 5% szlbumin in three experiments. As re-
ported in the literature, addition of adrenaline to the medium
caused considerable increazse in release of free fatty acids inte
the medium, Stearic acid release increased by only about 25%,
whereas rclease of all the other fatty ascids studied were more

than double (Table 23, Figure 2,3).

Lipase Studles

¥e ohtained little lipolytic activity from sheep tail biope
sles when extracted directly with 3.25M sucrose. Incubation of the
tissue in Krebs-Rinper phosphate buffer containing 5% albumin in the
presence of adrenaline caused little increasge in the lipolytic acti=
vity., Following incubation in the absence of this hormone more
lipase was extracted from the tissue., The lipolytic activity exe
tracted was too small to show significant differences in the rate of
hydrolysis of triolein, tristearin and tripalmitin used in this ex-

periment, (Table 24). .
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Table 2

Release Of Free Fatty Acids By Rat foididymal Fat

Into Buffer With Adrenaline
(Exp . 16'18)

0.5 gm. portions of rat epididymal fat were incubated for 1 hour in 3.5 ml.
Krebs-Ringer phosphate buffer with 5% albumin. 0,1 ml, saline was
added to the control flask, and 0,1 ml, adrenaline (33ug)
to the experimental flask.

Free fatty acids Control Incubation Release during
mg/1. incubation with incubation with
adrenaline adrenaline

1810 32,8} 40.93 8.09
18:1 72,40 196.89 12L.hh
18t2 & 3 19,79 78.76 - 58.97
17:0 Br Lo74 7.01 2,27
16:0 51,70 124,30 72.60
1631 7.64 40.51 32,87

Total 169.11 388,40 199.29
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Table 2)_.(

Effect Of Adrenaline On Lipolytic

Activity In Sheep Tail In Vitro

Tail adipose tissue biopsies (5 gm) were incubated at 3700 in 15 ml,
Krebs-Ringer phosphate buffer with 5% albumin for 2 haurs,
25 ug adrenaline was added to one flask, The lipo-
lytic activity was extracted from the tissue
~ and assayed as described in the
text .

FFA - uEq/1/hour

Iriglyceride Control tissue Tissue with adrenaline
Tristearin 219 125
Triolein 313 2

Tripalmitin 219 62




CHAPTER IV

DISCUSSION

The tsil of the Syrisn sheep serves as a depot of fat and
its 1ipids consist primarily of triglycerides, with a very small pool
of free fatty acids. The literature conteins only few reports on the
composition of this tissue, Reed and Awdeh (63) studied the trigly-
ceride compogition of adipose tissue from varioussites in the sheep
and noted a high concentration of odd-numbered and branched chain
fatty acids in the tail. The major components of the fetty acids
were oleic, stearic and palmitic acids. Our results confirmed these
findings.

The free fatty acid profile in the sheep tail adipose tissue
is similar to the triglyceride fatty acids (Tables 3,4)., These fin-
dings are consistant with those reported by Miller et. al. for the
subcutaneous fat in dogs (58). Comparison of the free fatty acids
in serum and those of the tissue shows similarities in all fatty
acids except stearic acid. Comparable results were reported for sheep
plasma free fatty acid composition by Garton and Duncan (78). The
similarity in the composition of the three pools might indicste that
the tissue free fatty acid pool serves as an intermediate between
tissue triglycerides and serum free fatty acids.

Several investigators have demonstrated release of free fatty



acids from adipose tissue in vivo (58,51) and in vitro (9). Our re-
sults demonstrate release of all free fatty acids in vitro. In most
animals under bessl conditions there is a slight release of free fatty
‘acids from the teil., Oleic and palmitic acids are the main ones thus
mobilized, whereas stearic acid is released at a much lower rate or is
taken up by the tissue (Table 10).

Many tissues have been found to take up free fatty acids in
vivo (48,58-60), but in adipose tissue free fatty acid uptake has been
reported only in vitro (21,51). In several sheep we could demons-
trate positive arteriovenous differences for free fatty acids racross
the t8il which decreased after 30 mini.tes of snesthesia,

The arteriovenous difference for glucose was pesitive in all
the animels, Glucose uptake increased slightly after thirty minutés
of anesthesia probably due to endcyenous adrenaline secretion.

Mobillization of lipids from adipose tissue in the form of
phospholipids, triglycerides or cholesterol was not observed in nore
mal or fasted animals (79). Infusion of noradrenaline or glucose
also did not change their ertericovencus diffqmnces recross the tail

th;;s:;}:;;ming reports by Shafrir et. al. (43). These results support
the view thet lipids are mobilized primerily in the form of free fatty
acids (80). |

The Effect of Catechclamines.- There was no change in the relative
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concentrations of triglyceride fatty acids in the sheep tail after

injection of catecholamines or their addition in vitro, This result
is expected since the differential mobilizetiocn would be too small

to be detected by our methods.

Several investigstors have reported accumulation of free
fatty acids in rat epididymal adipose tissue after incubation with
adrenaline or noradrenaline (17,27,61). This was shown to be due to
increased lipolysis in the tissue, resulting in an increased release
of slycerol and free fatty acid to the medium (21,26,27,82), We
could show increased releesse of free fatty acid by rat epididymsl
tissue by addition of adrensline in vitre. Steinverg et. al. (81)
reported greater accurmlation of palmitic and palmitoleic acids,
Hollenberg et. &l. (83), and Meinets et. al. (84) showed a relatively
greater release of oleic acid into the mediim in vitro from rat adi-
poge tissue, in agreement with the gﬂyxggg findings of 3pitzer in the\
" dog (85). The lipolytic effect of ‘the catecholamines is influenced
by their effect on carbohydrate metabclism sand on the concentration
of glucose in the medium (18,19,24,26,27,46,47). Adrenaline, being
8 glycogenolytic hormone causes a rise in agrﬁm 7lucose level, hence
counteracts its own lipolytic effect. Noradrenzline on the other hand,
does not have & glycogenolytic effect, end causes a more persistent
elevation of blood’ free fatty acid (42),

Our studies show a relative increase in the stearic acid
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concentration in the tissue frec fatty secids after administration of
catecholamines, Uptake of stearic scid by the t&il increased alightly
and its relative concentration in serum fell, Palmitic acld release
increased, accompsnied by its decrease in the tissue free fatty acid
pool, Free oleic zcid in the tissue elsc decreased. Similar effects
vere noted in a sheep fasted for six deys (Teble 13), Following
noradrengline infusion tc this snimal stearic acid relesse stopped,
while oleic and palmitic acid release decreased only by 50%. The
arteriovencus differences for total free fatty acids rensined Une
changed while release of the free fatty aclds measured by gas chroe
matography decreased. This might sugpest that under the influence of
neradrenaline there 1s greater release of fatty acids shorter than
myrietic which are not measured by the gas chrometosraph. In experi-
ments on dogs, Spitzer also observed decrease in stearic scid and
increase in oleic acid in the arterial blood free fatty scid (85).

Despite the fact that the srtericvenous differences :across
the tail decressed following auministrstion of cetecholamines the
arterial levels of free fstty scids were substantially elevated, Thie
might indicate that the hormones caused increased mobilizstion of
fat from other sites.

Adrensline had varied effects in vitro. In the first two
experiments there was marked increase in the release of the free

fatty acids by the tissue in the presence of this hormone (Teile 20),
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In all the following experiments adrenaline did not have any effect
in vitro (Table 19). 1In the two experiments with positive adrenaline
effect the medium gluccse level wes lower tihan in the subsequent exe
periments when adrenaline had no eftect,

Noradrenaline suppressed total free fatty acid release by
the tissue in vitro, while glucose uptake increased, Similar to the
in vivo experiments, stearic acid release stopped corpletely during
incubation with noradreneline, while that of oleic and palmitic acids
increased (Table 18).

3ince most reported experiments were cerried on adipose tise
sue incubated in Krebs-Ringer phosphate btuffer we repeated these exw
periments and found increased release of free fatty acids with adre-
naline. Further experiments should be carried to find out whether
the veried effect of adronaline in the two media is due to glucosze
or scme other factcrs. In one experiment we could extract less li=
polytic activity from tissue incubated in buffer with adrensline than
without suspesting a suppressicn of lipases by the hormone indepen-

dently from ylucose.

The Zffeet of Glucose.,- {Jlucose added,ég vitroc or injected to the

animal is known to inhibit the release of free fatty acilds from adie-
pose tissue (18,19,44,48,83), and to suppress the lipolytic effect

of hormenes (18,13,43,85,86), Contradictor: results have been re=
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portaa on the effect of glucose on the tissue free fatty acid pool,
Rsben and Hollenberg (87) reporting decreased concentration, and
Engel et. 2l. (88) reporting their accumulation in the tissue.

In normsl:and fasted sheep infused with glucose we found
8 decrease of gll the free fatty acids in serum. Their relative
composition was alsc chenged, resulting in a lower percentage of
stearic acid snd a higher percentage of palwitic acid. Release of
stearic acid frow the teill continued &t & lower rate, while uptake
of oleic end palmitic acids started, In this exreriment done on &n
animal that had fested for 6 days there was no increase in glucose
uptake by the tail in spite of the considersble increase in the blood
glucose level resulting from its intravenous sdministration (Teble 15),
This suggests that the effect of glucose on free fatty acid transfer
is independent of elevation in glucose uptake. The fszilure of adipose
tissue to increase its uptake of ylucose fcllowing hyperglycemia may
be axpleined by the prolonged fasting which 1s known to suppress up=-
take of glucose by tissues, Since this experiment was carried only
in one sheep, further work rmust be done to verify and explain these
points. ,

Contrary to reporte in literature (18,1%,44) tail biopsies
from fasted sheep relessed .more free fatty acids when incubsted with
added lucose, Of the mejor fatty ecids, release of oleic and pale-

mitic scids increased, while that for stearic zcid was suppressed,
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This observation further confirms the finding in vivo and throws
doubt on the assumption that increasing levels of glucose favor es-
terificetion of fatty acids. Release of free fatty acids in vitro
from adipose tissue incubated in serum compared to release into
Krebs-hinger pheosphate buffer with 5% albumin in the absence of

glucose alsc suprorts our findings,

Effect of Fasting.~ Adipose tissue releases large amounts of free

fatty acids during a fast because of increased lipolysis and de=
croased lipogenesis (69,90),

Altho:gh we could not detect any changes on the triglyceride
compogition of adipose tissue in acute experiments with hormones,
appreciable changes were noted by prolenged fasting. The reletive
concentration of stearic acid in the tiesue triglycerides increessed
after a two day fast, but decreased congiderably after & longer fast,
with simulteneous increasc of oleic, linoleigfj end wuyristic acida,
Since stearate is releesed at a relatively slower rate Qndar bassl
conditions its relative incrsasc after a short fast is expected. The
drestic decline in its concentration after a six day fast mey be exe
plained by the greater utilization of this acid after a long fast.

As expected the arterial blocd level and the arteriovencus
.differences for all the fatty acids studied increased considerably

after the snimals were fasted,
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The studies reported sbove show selectivity in the behsvior
of the various free fatty aclds, particularly evident for stesric acid
which is affected differently from other iree fetty ecids in ~ost ex-
perimental procecdures, In normal sheep it is releascd at a lower rate
than the other major fetty acids. Adrsnaline and noradrenaline infu-
sions decresse its rolease while release of the other free fatty acids
increases. Glucose infusions alsc csuse & relatively smeller decresse
in release of stearic acid. The few in vivo studies reported on the
arteriovencug differences of individusl fatty acids accross adipose
tissue do not point out a similar hehavior cof stearic acid. Rizack (77)
has reported & faster rate of lipolysis for short chain fatty acids
in vitro by adipose tissue extracts, end faster hydrolysis for trili-
nolein, followed by tristearin end trioclein, In one experiment we
could 1ot show any difference in the rate of hydrclysis for pure trie
stearin, triolein and tripalmitin, The sectivity in this extrect wsas
very low and minor differsnces could have been missed. If the result
of this experiment cen be confirmed, the 3ele§tivity for free fatty
acids in vivo is then probably due to selectivity of the cell mem-
brane as suggested by Miller et. al. (50).

Our failure tc demonstrate a rise in arteriovenous differences
for free fatty acids as well as a rise in free fatty acid release in
vitro under the influence of catecholamines sugpests a difference et
ween adipose tissue of the tail and the epididymal pad fat that has

been used extensively for studies of adipose tissue. However: the rise
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in free fetty acid concentration in arterial blood indicates thet fate
ty ecid mobilization is occuring from other sites of the animel, This
difference of behavior of the teil fat may bte instrumental in the

lerge eccumulation cof triglycerides at this site.



SUMMARY

Metabolism of sheep teil adipose tissue wes studied by meaw
suriny arteriovenous differences for wvarious metabolites. Mobilie
zation of individual free fatty scids from the tail was studied in
vivo under different conditiéms and compared with in vitro obser-
vations on the same tissue, Analysis of the indlvidual free fatty
acids was carried by argon ges liquid chromatography.

Release and uptake of free fatty acids from the tall was seen
in normal sheep. This is the only anisal in which free fatty acid
uptake by adipose tissue in vivo has been reported.

Adrenzline and noradrenaline infusions caused increased re-
lease of palwitic and oleic acids, but stearic acid release stopped.
There was 1little change in the arteriovencus difference for total
free fatty zcids. In vitro, adrensline ceaused release of free fatty
acids from the tlssue in two experirents, but had no effect in 211
subsequent experiment=., Noradrenaline suppressed free fatty acid
Felease,. speclally for stearic acid., This results suggest relative
ingensitivity of tail adipose tissue to adrenaline and noradrenaline
compared to rat epidid.mal fat, or other tissues of the sheep, since
arterial free fatty acid levels rise after injections of these hor-
mones Lo thé sheep.

Glucose suppressed free fatty acid release in vivo

B8




without an apprecisble increace in plucose uptake by the tail.. High
concentration of glucore added in vitro csused a rise in free fatiy
ecid relesse. Again stearic aecid wss the one leas’ effected.
Fasting caused en increazed release of all the major free

fatty acids.

A1l the experiments s owed differences in release and uptd-e
of individusl free fatiy acids, priqserily steciic acild., Whether this
is due to selectivity of the lipase, cormpartme:talization of the tige

sue or cell rerbrane selectivity has still to be proved,
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