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AJH OF T TIGATION

The stimlus which evolted this thesis was Lhe folloving
deseription by Davidson, Heiklejohn and Passmore of the morbid
anatomy of obesity. “The mamber of cells in the body capable
of accepting stores of fat 1s ssld to be strictly limited and mot
inoressed in obese people. Hach cell is simply distended with
ta'b-"(l)

" The aim of this investigstion is to try and show whether in
fact this is true. In obesity do each of a set nwmber of celis
become increasingly distended vith fabt, or is {here an incresse
in the mmber of fat cells? I the statement quoted above is
corpect, then Lhe gore obese the mbject, the greaber will be the
proportion of fat in adipose tissue. If there is an inorease in
the mumber of colls with inaressed deposition of fat, the
proportion of water, fat and protein should romain approwimately
the same.

It was decided that a suitable way to approach the problen
would be to anslyse the chewical. components of adipose tissue in
pormal, lean and fat mice, and in normel and obese humen subjects.

The chemical oomposition of the fat in wiipose tissue hes
become a subject of considerable reaweh;md techniques for the
analysis of ths triglycerides havs developed tremendously during
the last few yearss This has mainly been due to ihe realization
that adipose tigssue participates actively in Lipid metabolism and




moy play an importent roje in the stiology of obesity and
hwoecl&ouia. Yery much less sttention has been given to the
issue that stores this fat.

Unbil 1911, sverage [atty tissue wes corsidered to conbein
vout 904 fat and 10§ water. How these figares wers obbained is

ertain for no references can be found im the literastuve.
bwaagz) then amlysed some human sdipose tissus far ite
ter content and found that this renged from 7 - LE8.

Aware of the unsatisfsctory character of information on the
chemicsl composition of the adult bumsn body, Bitahells attenpted
an investigabion into the matter. He had hoped to saalyse o
mber of lmman cadavers in a satisfactony nutritive condition,
hut was unable to obbain specimens very readily, anxi thus published
data on @ single spesimen. This was an adult man 35 years of agp

who hed died from a heart attacks. The age-hel gitewoigit
velationship, wen spplied to idwarde nomograd, indicated that the
subject was sbout 1% underwolght« Individual snaslyses of the
sleleton, msculature, skin mé several viscersl organs, awongst
them adipose tissue, ave rcpér'bed. ditchell foumi that 50 of the
fatiy tissue was weter, L2.4¢ wss ether extraci, 7:4 erude protein
(¥ x 6.25) ard the remainder ssh. Fhosphorus oonbent was cstimsted
on the ssh and this vepresented 043¢ of the sdipose tisswe. The
body on which these analyses wore done wad proserved only by
freozing until disyection was started aboub & weks after death,

go it is douttful that these results cen be pagarded as very acourale.
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In 195?.) a similar study was completed on an adult male
46 years of age. His gppearance was thet of a thin man, in gnod
physical condition, 23¢ below average weight for his age =nd
height. His death was due o a slmll fracture. In this analysis
the components of adipose tissue were 23} water, 7.8, fabty, 5480
probein anmd +2% ash. Phosphorus was 034« The body wes
preserved in a frozen state for a month before it was disaeetéd.
but precsutions were talmn to mirdmize dehydration during storage
by wapping the spebimen in a plastic sheet.

Vague and Garﬁ.wags) weve persuated after a long clinical
gtudy that the funstion of adipose tissue extended well beyond
that of storing energy md undertook a chemical study of its
components centred on its sterdid conmtent. They analysed adipose
tigsue taken by dopsy or postemortan from 70 women ami 35 oen,
but they do wot mention what state of health the subjects vere in
or the gite the adipose tissue was taken from. The maﬂ age of
the men was 46.3 years, and that of the women was 437 years.

The men weighed a mean of 79.5 ik while the womn had a mean
weight of 90.3 kg, They found the composition of the adipose
tigsue was 28.7% and 23.2% water in men (X) ami women(W)
respectively with 56.¢ M and 70.0% W fab avd Telf My 855 W
vesfidue. The iodine nusmber for mm wes 731 and Thel for women.

They correlated each of the components of the tissue with
age and found that the fat free residue inereased vith age in men,
ehils the fat ircressed to a mish smller degree and the water I
decreased slightly. The residuc decreased with age in women vat.h‘
a corresponding decrease in water, whils the fat contemt imcreased
a little.
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Enterman, Goldwater, Ayres and Behnle analysed samples of

adipose tissue taken from the obdomen of two men before and after
they had lost weight. Tie change in composition was compared
with ealeulstions from data on body weight, body water and body
volume in an attempt to obtain additional information on the
nature of alterations produced by loss of weight. The subjoets
wore two normal and healthy men aged 53 (B) and 44 (B). Both
had attained weights somowhabl above their 'desirable' weiphts by
overeating, and had then restricted their ealoric intake to

1200 « 1400 Cal. Subject B weighed 10L.5 lgz at the beginning of
the experiment and 866 kg ot the end. This was a loss of

e? kge in the space of four months. His adipose tissue
compogition before and after weight loss wes 77.2 and 62.38 Lab,
18,65 and 32.4% water nnd 2.8 and 5.30 residus. Subject &
weighed 89.1 kg and in just over a month reduced his welght Ly
B kg to 80473 ig. There was a similar change in his sdipose
tissue composition. The water content rose from 12.5% %o 17.7)
amd the residue rose as well from 1.8) to 3.4% while the fab
combent decrensed from 85.7¢ to 78.9%

Their results lead them to conelude that adipose tissue
probably contributes the greatest amount oﬂ/fat lost during whigt
reduction, while other soft tissues also d::mriulto' significantly
to the body weight loss by losing mon fat components.

The only analysis of adipose tissue both in losn and obese
subjects, to my lmowledge, has been done by Pawan and Glaade.(n

They obtained biopsy specimens from & lean and 7 obese persons




and Uy logn ard 1 obese post mortem specimens. The sgpecitens
were auhmrbm gfdipose tissue taken from the same area of the
gbdominal wall., In the lean subjects the biopgy tissue had mean
values of 23.6% watei, 68.4% fat and 2,14 protein. Post mortem
tissue had mean component values of 20:17 water and 72.15 fate
Adipose tissue in the obese had slightly less water, the wean
value being 13.8%, and more fat with a mean ve].uef of 78,%. The
protein content was mo different from that in the lean ‘adi.peao
tissue and had a mean wvalue of 2.0, The iodine mumbers (Wij's)
of the fatﬁy scids in the subcutaneous adipose tissue in the lean
vore 7Ll = T8 (magn 73:7) and 67.7 = T1.6 (mean 69.1) in the
obeses Pawans' dsta.indicatea a wide varigbility in the gross
composition of adipose tissue in humn subjeots.

There do not seem %o bo ay analytical data on the
coﬁpoait.i.on of adipose t..‘sssue in mice and the analysis of aﬁipose
tissue in animals seems to have been restricted to the ratand
the guinea pige. Durx.nb a study on the relationship betwyeen
body water and chaﬂ.cally combined nitrogen content v;"i.th tody fat
content, Pace and Rathbun anslysed the perivensl fat of 20 guinea |
piga« They found that tfs fat and water componante in this’ adiposJ
tissue have meon values of 84.137% and 10.25¢% respectively.

Bakineou and Page : analysed perirenal sdipose tissus, as
well as pelvian and seapular fat, in rats. &) samples of
perirenal fat, with an averags weight of 4.8 g, were anglysed and
it was found that the fat component comprised 7.4 water, 1035
and fat free dry metter 2.Jdg. The 37 samples of the panniculus




adiposus with an average weight of 13,0 g had a composition of
7349 fob, 13,6, water and 7.5% fab free dry tissue. Dabineaun
elaims thot the composition of the pelviasn mnd sespular st in
robs is similer Lo the composition of fal in man, as described by
Brozek and Eeys(m). Put it is evident thal he hes ot
cistinguished betyeen adiposs tissue and 50 oslled “obesity tissue"s

In additdon to Lhe study on adipose lissue composition both
in mice and men, a further maly‘aia was made of adipose tissue in
rabbits, shesp and pigae 4 shoet study on il possibility of
mitosis ia adipose t.‘l-.s.sua of mice and rais was also undertaken.
Colchicine was used as the mitotic imhildtor.




METHODS

Sixz componerts of adipose tissue were analysed. These were,
water, fat, protein, potassium, sodium and phosphorus. An
estimate of the degree of saturation of the triglycerides was
also made using the iodine absorption method. TWater, fat, |
protein and iodine mmber were all estimoted on the same sample, “
yhile sodium ard potassium were analysed in a separate sample . i
|

| Most of the components were analysed in triplicate, but when the

sample was too small only duplicete analyses were possible. Any
tissue sample which was left from the sbove anglysis was stored in
the deep freeze ami this was later analysed for phosphorus.

Water | |
Drying in a desicator under vacuum was attempted, but proved E
unsatisfactory as a skin always formed over the tissue and thus |
prevented complete extraction of moisture.
Some of the first samples were dried in large test tubes in a |

|

water bath at 70°C. The test=tubes were commected to a suction |
pump and the sir was dried by drawing it through a series of |
caleium echloride and phosphorus pentoxide u. tubes. A steady
weight was attained after 8 hours of drying.

Finally when an oven was made available the rest of the \
moisture determinations were done by drying in the oven at 80°C .
Of the many methods described for moisture determinations, oven
drying is the oldest and undoubtedly the most widely used

technique. The samples were weighed into small 10 ml beaksrs and
it was found, as before, that a steady weight was reached after |



8 hours drying. The drying period could be cut down to three
hours onte a vatuum oven wod obtained md no chimge in the
estimations were found when the temosrature was raised to 105°%
and a vacmm of 130> Wq.  was applied. The difference
between the weight of the sawple before and after drying vas
taken as a measure of migsture in the sample.

Bt |

The smell soxhlet apparatus wms used for fat estimptions.

The thimble eylinders had s volume of & ml and the round bottom
flasls s wolume of 100 ml. 6 of these sels were set up over a

iong rectangalar water bath and the temperature of the water was
kept at 40°C , just sbove the boiling point of ether. |

Becarse the tissue waes alveady dry prior to extraction it
was considered unnecessary to use Bloors aloolnlsether miit.me ard
anaesthetic ether alone was used as the solvent for extraction.

The dried adipose tissue was tramsferred with a spatﬁla into |
the somilet thimble, whish was fixed firmly on to the neck of the
eylinder with a clip so a3 to ensure m loss of «lther tissue or
ether,  Onoce the bulk of the tissue had been transferred to the
thimble, the remaining fut in the Iealer was dissolved in ether
and washed several times inmbo the ¢ylinder.

The samples never expeeded 500 mg and it was found that
reflux overnight for 16 houre was sufficiently long for c>mplete
extraction. Once the ether had been distilled from the flasks
the fat was dried in an oven at 30°C for two hours md then
allowed to coal in a desicater under vacuum before belng wed.ghed.

These




flasks were cavefully cleaned and weighed befors each experiment
and their incresse in weight once the fat had accumilsbed was
talen a3 o measure of fat in the sample. Velghed amounts of fat
wore used as standards aml pecovery was found to be within 1% |
Exotein.

The micro-Kjeldahl method was used for protein estimations.

Befora digestion the fat free dry tissue was dried complstely
in f.ha oven smi then weighed into small digestion tubss, from the
soxhlet thimbles. This was done a3 rapidly as possible so as to

avoid any weter absorbtion from the air. A spatula tip of

catalyst, (5parts Cu SO, , . 15 parts K50, 5 parts Hg euq,da%
ami 1 part selenium oxide) and 1 mi of concentrated sulphurie |
wﬁmd@dmmatummmmwmmmm |
an elestrie heater for two hours Ly whieh time the digesis were {
colourless. | :

A Horlhamestill was used for the distillation and thadiw
sample was washed straight into it once ‘s.t. had been allowed to i
cool. Six small washings were sufficient to transfer the sample. |

No dilution was necessary a8 the ssmple was small encugh. The
mean weight of the fat free residue was 10 mg. ‘

15 ml of 40% sodium hydroxide were added to each samle to |
release the ammonia and this was trapped in 10 ml of a OR25M l
solution of borie seid during a period of 10 minutes. |

The indicator used was a mixture of methyl red and methylene }
bl\xe,wmhmsoulsmdeupgustbetoreusoasitta:ﬂsw |
deteriorate on stardings The nixture I found sstisfactory was {
|
|
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a methyl red to blue ratio of 6.1, Six drops of this
gave s good pink colour in boric acid and turbed a
gharp lime colour as soon as smmonin was released into
44, 'The ammonia was titrated with 025K hydrechloric
ascid to a faint permanent pink colour,

Sodium hydroxide was standardised with potassium
phthalate with phenol phthalein as indicator and then
used to standardize the hydrochloric acid.

Sodium and Potassium

Samples speecially put aside for these estimations
were kept to approximately the same weight at an average
of 300 mge These were firet dried to assesa the
moisture content and them reduced to = white ash by
heating in a muffle furnace at 450°0 for 16 hours,

The ash was dissolved in § ml distilled water and
then diluted to give readings on the photometer at a
maximum sensitivity. Fach solution was then raad
againet 2 gtandard solution of approximately the same
molar strength and checked 3 times,

The diluted standards usei had concentrations of
«38 ug Nas 1430 ug K3 76 ug Waur 2,60 ug K3 1,53 ug H+
5.21 ug K3 2,30 ug Nar 10.43 ug X per ml and 1,53 ug Na
and 2,60 ug ¥ gave full deflection at maximum sencitiviiy,

Every precaution was taken %o avoid contamination
of the tissue with !n by usim:rada 4 glacsware, The
blank used was the sm dtatuled vater used for the
dilutions,

The EEL Fla.mg pkotome.l'c,r wa 2 wsed

for Hrese <s B biond;
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Ehosphorus..
There are many varisties of Osmords method of phosphorus
estimstion, in which phosphorus forms phogphomlybdic acid

and then becomes reduced to a blue compound suitable for colourie
metric measurements. 1 have used Allens adaptsbiglaiz ). Allen
Mgimlly estinated phosphorus by a simple adaptation of nn@
perchloric aei.é mtm&fa) but lateé substituted amidol in

place of amino naphthol~sulphonic acid as & reducing é@nt.

After the adipose tissue had been dried and emw for
£at, the residue was weighed into small micro-Kjeldahl flaslks.
The average weight of the tissue was 10 mge 245 ml of perchloric
acid wos added to the flask amd the tissue was oigested at a low
heat over an electric heater until it was colourless. After
cooling, the cortents of tho flask vere thoroughly rinsed into a
% ml volumetrie £lask » 1 ml amvoniun molybdate was gdded and
hsﬂvanuMolmdwurtomahuupwﬂuas ml mark. The
amidol and water were added at regulated intervals so that the

| extinction eoefficients could all be reed between § ani 10

‘ minutes after they had been mixed.

|

A standard solution conbaining 008 mg phogphorus was
digested vith the samples and its extinction coefficient when
checled against the urheated solution was identical.

Armonium molybdabe solution 8s3 g of AoH. reagent were dissolved
and diluted to a 100 ml with distilled water.

m solution (SOG'olosh) AeRe



intew.aU

|
|
|
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Amidol. 2 g wmidol and LD g pure sodiun metaebisulphate vere
dissolved in glass distilled weter snd diluted to 200 ml. The

reagent was lept in a dark place in the refvigerator and
discarded after 10 days.

A stoek solution corbaining 1 mg phosphorus per ml was
prepared by dissolving 1.0967 g A.R. potassium hydrogen phosphate |
in distilled woter and diluted to 250 ml. This solution was
gtored over chloroform ab Ooc. Suitable standard solutions for
the ealibration curve vere obtained by dilubion of this stock
solution. The dilutions used were 00k, <008, <Ol «0L6 and

020 mg phosphorus per nl.
The Unicam spectro photometer was used and all readings were

talen ab ,dky& with a red filter.

fasie " edapbation of WLJ's method was used. 0@l of |
carbon tetraciloride vere pipetted into the round botton flasks
containing the weighed ether extract from the soxhlet distillation.
After the fat had been dissolved 25 ml of Wij's iodine solution ‘
(supplied by B.D.H.) were pdded. This was well mixed and then |
gtored in a dark place for one to two hourse The solution was ‘
then trarnsferred to a 500 ul conical flask. Any solution loft
in the round bottom flask we washed out, firet with 10 sl of 108 ‘
potassium iodide and finglly with water to pmaie up & volums of |
akout 250 mi.

This was titrated immediately with a 0.1 N stendard solubion
of sodium thiosulphate. Starch powder was added when the ‘

golubion hat tocomt yellow and disappearance of the blue colour |



was taken as the end point. The untitrated iodine in the

i
carbon tetrachloride revealed by its pink colour, was brought into |

solution with contimued shaking.

To determine the iodine ecuivalent of the Wij's solutibnm,
10 ml of 10% potassium iodide and about 200 ml of water were
added to 20 ml of Wij's solution already in a 500 ml conical
flask. This was then titrated with the stamdard sodium
thiosulphate.

The sodium thiosulphste solution wes standardized with
potassium iodate. 2,.8 g pure dry sodium thiosulphate was
dissolved in distilled water and washed into a Litre volumetric
flask. 10 ml of amyl slcohol and 1 ml of 20f sodium carbonate
were sdded to prevent decomposition snd the solution was mede to
volume. The solution was kept in a bottle carrying a soda-lime
tube to exclude carbon dioxide.

For the standardization of the thiosulphate 25 ml of O.1 N
potassium iodate were pipetted into a conical flask and 2 ml of
1004 KI (2g. KI) were added. A solution of equal volumes of
concentrated hydrochloric acid and water, was made up amd 10 ml,
of this was added to the potassium iodate to liberate the
iodine. This was titreted immediately. Starch powder was

added when the solution beczme pale yellow, =nd the end point was

\
veached at loss of blue colour. The thiosulphate was standardized

ard the iodine equivalent ws estimated with each group of
titrations. Olive oil was used as a standard fat solution and
this gave a constant vslue of 33.
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ANALYSIS OF MOUSE TISSUE
MATERTAL,

selection experiz(nenic. carried out by Dr. Falcomerat the Institute
15

The mice used for this investigstion wers Lhe outcome of a

of Animal Genetics, in which selection was Lased on growth during

the 3rd to 6th weeks of post matal development. A twoe-way

selection was spplied to one pair of lines for growth-rate when the l

individuals were reared on a high plane of mutrition, and to
amother pair of lines for growth-rate when the individuals were

reared on a low plane of mtriﬁion. one line of each pair being

This programe of selection was extended over 13 generations.
The high plane of mtrition was the normsl cubed diet

consisting of 56.8) carbohydrate, 18.54 protein, L.5 fat, 12.9%

water and 7.3% ash. The low plane of mtrition was provided by
a specially prepared cubed diet made from ingredients of the

| normal cubes and indigestable fibre , in equal volumes. The
fibre was in the form of ground oat husks. This low diet was

J‘ fed ad. 1ib over the 3 week period from 3 to 6 weels of age and

| then the normal high diet was fed.

Selection for large size on a low plane of mutrition was

‘[ found to result in mice with less fat than those produced by
selection on a high plane of mutrition.

These selected large mice were used for this investigation

’ becanse of their difference in fat composition and the original

selected for ineressed growth and the other for decreased growth.

|
|
|

|

t stock from wvhich they had been selected was included for comparison.

\
' A1l the mice used were mles.

|

1
\

|
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The chemical components in adipose tissue were analysed on

the epididymal fat pad of these mice and the weight of the pad
‘ was also \(aizt)i 2s an index of the fatness of the animal.

\ Mull has shown the weight of this fat body to be highly
correlated with the total body fat.

The mice were killed by cervical dislocation st ages
between 10 and 1, weeks. Their epididymal fat was removed
immediately, without its main vascular trunk, and a section from
each pad was snipped off into platimm cups for potassium and
sodium estimations. The remainder of the material wes weighed
into small 10 ml begkers for water, fat and protein estimabions.
The shortest possible time was taken between the removal of the
fat and its weighing., Contamination of the tissue was guarded

against by careful washing of stainless steel instruments with
glass distilled water.




including
The mean values of all the data for the 3 mouse groups
pumber, age, Body weight, FEpididymal fat pad weight and its composition

TABLE I
: Potassium Sodium
Age No. Body Weight Weight of Water  Fal Protein b :
0, - Fat g g% b g% MEQ/100 g MEQ/100 g
Control 9 10 31.4 0.63 Te5 9.8 079 0.44 0,80
. 42 6e5 2e8 075 0.48 0.69
Large fat 86 1 5446 ks ¢ e
Large lean 178 7 42,7 0448 8.2 9043 1.31 0465 1.34
s TABLE 2
The _significant differcnces between the 3 mouse groups
L 15 degrees freedonm 15 degrees freedom — +12 degrees freedom
1% Probability 2.95 14 Probability 2.95 14 Probadility 3.06
5% Probability 2,13’ 59, Probabilsty 2,13 5% Probability 2,18
Normal - Large fatb Normal - Large lean Large fat 0 Large L
dgan diff, A Mean diff., t Mean diff.
Body Weight ~ 2362 8.0 ~11.3 Be3 +11.9 4405
Fat body — 0079 3.4 + 015 1.1 4+ 0.94 . 4069
Water + 1.0 1.8 - Qa7 l.1 -0.17 2,90
Fat — 240 1.9 +0.5 w12 +2.5 2493
Protein + 004 «27 — 0452 3.6 ~ 0456 444
K ~ 0.04 1.9 ~0.21 4.6 ~047 3.85
| Na +0.11 1.5 — 0454 8.1 —0.65 10.5
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RESULTS

The deseriptive and analytical data on each of the tivee
groups of mice, the cortrol, the largs lesn and lavgs fat, are
presented in summary in table 1 with full dabails in the appendix.
They include age, body weight, fal pad weight and the chemical
analyses of water, fat, protein, potassium and sodium in the
fatty tissue. |

An abbtempt to anslyse D NA in the adipose tisaue of the
eontrol mice, using eemw_'iw method proved unsuccessful, and
analyeis of potassium wes substituted as a weans of estimsting the
eellularity of the tissue. |

Potassium and sodium were therefore eatimsted on the sdipose
tissue of a seconi bateh of control mice, and it is for this
reason that they ave listed separastely.

The data on the .thm mouse groups were compared agalnst
each other using 'Students® 't' test. These 't values are
listed in table 2.

Eody Welght,

The most marled difference betueen the three groups is their
vody welghte The control mice welghed the least with a mesn
weight of 3l4g The large lean mice had & higher mean of
42.7 § and the fab mice had the largest mean weight of S5k.Og.

It is evident from the 't' values 8.0, 8.3 and L.05 that the body
weights of these three growps are very siguificantly different.

The mean weights of the fat pads in the corirol, larg lean
and large fot mice are respeetively, 0.03g Ok, and L.42g.




L)

When the 't' test is applied mo difference between the welgnte
of the fat pads of the control and the large lean mice is evident.
The &' value of 3.4 for the normal and largs fat mice show o 1

pignificant dif ference between these two groups and the higher '¢' .
value of 4+69 for the large fat and large lean mice shows the .
difference betwsen these two groups to be even more significant .«

The f£at pad weights arve correlated with the body weights of
these mice Pige 1. The coefficient, when only the large fat and
largs lean mice are considered is .9k, ut shen the control mice
are included it has a lower value of «72. This is explained Yy
the Pact that the control mice have fat pad weights which ave
insignificantly different from those of the lorge lean mice, while
they have mich lower tody weights.

The chemical composition of the adipose tissue in the

contvol and large fat mice are not significantly different. The

4% galuse for each oompenent, water, fat, proteln, potassium and ‘
sodlum for these two groups ave all below the 5% level of probability.
when the lavge fat mice are compaved agdnst the large lean

mice, hovever, each component of the adipose tissue of these two
groups is shown to be si gnificantly different. Bub the d&ffmea%
between tle fat and weter percentages are only significant at the

54 level vhile those for protein, potassium and sodium are \
significant at the 15 level. The fat percentage st mean 0.3 in |
the large lean group is lower than the mean of 92.8f in the larg |
fat group. ALL the other components héva a higher percenbag@ in |

|
the large lean group. |



The Correlation between Body Weight
ard the Weight of the Epididymal Fat Pad

Figo A (r = 072)

= 44+ X

28 o= NORMAL
° ©=LARGE FAT
x=LARGE LEAN
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ﬁ'hu large lean group when compared against the control growp
also has higher values for protein, potessium gmd sodium and these
differonges are sigmificant at tim 1 level. There isa m
significant differerce between the fat or the water percentages
in the adipose tissue of these Lwo @roups.

The relationship of fat to protein in the epididymal fat pad
of these mice has been caloulated, using the analytical data of
this adipose tissues The milligrams of fat and protein in the
fat pads of esach group with an additional caloulation for the (
amount of fat supported by 1 mg of protein in esch fabl ped sre
listed below in table 3.

fat pad fat protein  mg. fat supported |

Control, 630 572 Le9 17
Large fat 14,20 1318 1.1 118
Large lean 480 L33 6e2 69

It can be seen tiat the sgme amount of fat is supported by
1 mg protein in the control and large fab peds, tub only half of thLl
smount of fat is supported by 1 mg of protein in the lsan fat ped.
This is s clear indication thgt thers has been an increagse in the
amount of protein in the fab pad of the large fab mices
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BICUSSION

The results of this investigation can be said to present
fairly strong evidence in support of the view that there is an
inorease in the mumber of fab cells as the fat they are required
to store is imsreased.

This conclusion is based on the fact that, while the chemical
gomposition of adipose tissue is spproximately the sume in the
large ot aond the control mice, the weight of the epididymal fat
pad in the large mice is wore than twice as great as that in the
control wice.

It has also been shown that 1 mg protein in the fat pad of
the large fat mdce, supports the sams amount of fab as is
supported by 1 mg protein in the fat pad of the control mice.
This clesrly indicates that protein incresses as the fatl pad
becomes larger with stored fate It cannot then be said that
the tuvden of fat is boran by a set amunt of protein, whieh
becomes inmsvessingly diminished as the fat stores inmorease, but
that a3 more fat is stoved so the protein, that is to say, the
cells, increase to sccommwdate this fat increase.

The fact that there is m> sipgnificant differsence in the fat
coneentration of adipose tissue in the contwl and large lesan
mice vhilst the difference in fat concentration between the
large lean and large fat is only significant at the 5% level,
does suggest that there is not a very wide wariability in the
fob coneentration in lean or fat mice snd seams to indioate that
the fat cells in mice can only hold a3 certain ammunt of fat

ard mo mOre.
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Wﬁ& is a real difference between the adipose tisswe
cunposit.ion in the large lean mice, and that of both the control
ard lavge faobt mice. This is in the corgerbrstion of protein,
potasedum ard sodium.  The protein concentration in the larg
lean group is almost twice as high as that in the other two
groups, and the ionic concentration also seems to be on a higer
plans in the lean group. This seens to to due to the effect of
gselsction for growth on a low plene of mibrition.

It con also be seen that imeressed weight in the largs lean
mice shove thet of the conbyols is predoainantly due % an
irevesse in the smount of protein in the body. For the large
legn miee have a much higher body weight than the controls and
yot their epididymal fat weights, which have been shown to be
correlated with total body fat, are the spme as those in the
control mice. The age difference betwsen the mise would only
aceount for an incresse of approximately 4 g in the lean mice and
it is sssumed, with a certain amount of justification, that this
would have no significant effect on the results of this
invesidgation.
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S =0
29 15
29 15
30 «15
32 07
28 07
32 07
32 16
2 15
30 «15
31 .15
32 16
30 .15

438 2419
374 1.87
369 1.85
110 2.05

368 1.8,
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Adipose tissue is contimally deseribed in the literature,
as o tissue which is unabls to increase itsell by mitosis. In
general mo experimental evidence i given to Jjustify this
ghatenent, and it was decided that an intevesting way to test
this sssumption would be o examine the adipose tissue in ndce
ard pats after they had been injected with colohicinge Caparorl
gimilar m&w was only discovered after this experiment was
completed.

It has long been known thab eppropriate doses of colehicine
will arvest nitosis at mabaphase and il was hoped that any
mitosis that might be taking place ia adipose ti.ssue would be
pevealod in this menner. This inhikdtory offect of oolomine
is very evident in the contimially regenerating small intestine
an sections of this tissue wers examined wilth tie edipose tissue
to verify the effectiveness of the colchicime used.

12 mice of the C.B.A. strain all weighing within g of sach |
other, (.ible &) =i § vhite rats having similer body velghts,
(teble 5) were couained.
The effeig:.w@)dom of colehigine for mice and rats is § wg/ lé
body weight. The appropriate dose for each animal
vas dissolved in distilled water amd injected subcutansously, in
volumes of Oe2 ml in the mice, amd 1 ml in the rats. The :

were killed & hours later.
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Both the rats and mico were gephyxiated with gas and the
epididymel fat was dissected from osch animal and put straight
into 10§ . b sl gpecinens of fat from different
parts of the body were taken from the rats and sections of the
small intestine wore talen from six of the mice.

Aftor leaving he iLissues in formalin overnight, the adipose
tigsue was transferred straight into g 10 soluticn of gelatin
and pllowed to sosk during the doy. It was then tyansfeyvred to
8 25% solotion of golatin wd gllowed t© sopk overnight. The
tissue and the gelatin were poursd into a mould and alloved to
set for an bour. Once the gelabin had set, it was reduced 0 a
small block round each plece of tissue and 10 a sectionswre cub.
on the freszingy mlesraione,

These gections were then attached to slides treated with 3
gelatin and silowed to stand in formelin vopouwr for § mimtes to
gnsure that they were firmly fixed on to the slide.

The intsstine was removed from the farmelin, rinsed in water,
dehydrated through 508, 704, 70¢ and 1003 aloohol, cleared in
®xylol snd then transferred Lo paraffine The paraffin was changed
three times before the tissue wns finally embedded. HMicroiome
sections of each tissue were cut and these were then abteched to
slides s ,

Both the intestine and 'hhe adipose Hssue were sbained with
Bhelichs heemtoxylin stain.

The paraffin in the intestine sections was washed out with
xylens, xylene ami sbeolite alechol, 99f and 704 aloohol exd
finglly water. These sections were then tramferved straight inte

i
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the haemotosylin, allowsd to stain for five mimtes, ard then
rinsed in water for five mimutes. The section wss tien
dehydrated with 705 and 90¢ and 100§ sleochnl, trested with xylens
ani munted in balsam.

The adipose tissus once attached to the slide was stained,
dehydrated and mounted immedisteldy in exaetly tle same way.

Although mumerous melel were found in metaphase in the
intestine, mone could Le found in gdipose tissue after an
extersive gsearch.

This is in agroement with the findings of Cammgﬁ.

He examined adipose tissue for mitosls after the epididymal fat
pad in rats had been subjected % quite severe domege YW
freezing. He also used colehiedins as a mitotic inhilitor and
wig ungble to find any indication of mitotie division within

the fat cells.
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| The crdiginel plan was to get ecual mumbers of adipose tissue

specimens from well nourished and obese subjects. It was fourd
' however, that it wes impossible to get a large series of specimens |
from obese subjects in the tims avallagble. |
| Under these circumstances it was decidec toexamire alladipose

.‘ tissue specimens made available from surgiical operations, with the

l‘ kope thot some of them would be from obese people. |
| Specimens of omental and sbdominal subcutansous adipose

tissue were obbtained atoperakwn from 76 pokients. But only &L of

| these have been considered in this investigation because the ‘
weights of 10 of the subjects could not be obtained and the |
| remaining 5 were incompletely analysed. ‘ |
All the specimens save two were takm fronm subjects undergoing !
| operations for various abdominal complaints. These are Liated in .
| tables in the pppendix. 44 of the sbdominal complaints were |
| gastrointestinal of which 12 were appendicectomies, vhile 2 were

bilateral sympathectomies. There were also 3 prostatectomies

‘l and 2 ovariectomies. 3 of the subjects had hernias and of the
| 2 specimens which were not abdominal, one was suboutaneous adipose |
lt:l.sauo from the breast, and the other suboutaneous adipose tissue

| from the thighe

ll The majority of the subjects were over LU years of age. There

' were 32 between 40 and 60 years of age, ani 22 subjects between


ahn.dipo.se
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60 years and 93 years of age. Only 7 of the subjects were
between the age of 1 and 4O years.

31 of the subjects were males and 30 were females.

I obbalned the heights and weights and some idea of the
dietary history of these subjects by sending them a questionnaire.
The height and weight messuremants given were accepted for the
purposes of this imvestigstion, but little infommation wes gained
about the true mtritiaml state of the subjects. An estimte of |
the degree of fatness of these subjects was therefore made iy
ealeulating their weights as percemtages of the standard welght
given for their sex, ags and height. The standard weight table
used was that deawn up by an irsurance company in the U.3.4.
betyeen 1835 and 1900. Their figwes are recomand@éo being
preferabls to the few studies that have been complsted on standard
body weight, more recently. The subjects had body woights _:.'ang.ng“
from 704 to 1604 of their standard body weights, those abtove 1203
wore consideped to be obese. There were 4 subjects in the 70- 7%
range, 12 at 80 = 83, 15 at 90 = 3%, 9 at 100 = 10%, 12 at 110 =
1194 and 8 obese subjects above 120%.

The biopey tissus was put straight into sterilised, sodium free,
iy tight bottles by the surgeons and analysed within two howrs of
excdsion if possible. Then it wes impossible to analyse the samples
stroight awyy, they were stored in a refrigerator and analysis vas 1
started witiin 2 hours. ‘

Portions of the specimens weighing spprofimately 300 mg, wth '

a8 little blood contsminating it as possible, were divided into the
platimm cups and the bealers far analysis. |

i
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Cerebral Hasmrrhage
Pulmomary Embolism
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59
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10 semples of subcubaneous adipose tissue were obtainsd ulth:l.q

2, hours post-mortem. Nearly all of the subjects had dled from
cardio vascular disease and only 1 of them was moderately obese.
The age range of these subjects, of whi.—chvé were female and four
male, was from 35 years to 65 years. I was unable to obtain
the body weights of these subjects and have merely presented
the analyties) results of their adipose tissue specimens,
without inclnding them in the comparative analyeis.

l

|




70~ 7
8 - 39
2 - 9
100 « 109
Lo - 19
120 - 160

B e
" Uyoly
iz 16.8
15 13.2
9 10,2
i2 103
8 9.6
66 = 25.6
7.1 - 362
83 » 25.8
Ts2 = el
bk o 3546
569 =« 14l

TLT = 924
6l.0 - 9143
el = 1.9
83,0 - 91.0
78.2 « Fhel
3006 « Wl

i fa
o2 = A7 1e26 - 3.8
ol = 439 b7 = 5l
32 = 1e02 0 = 3.04
36 « oS54 o8 = 2.08
026 = 479 60 - 2.98
«23 = 57 7le 1.76
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The rumer, ag, 5ex, Lody weight and body height and the
operation undergone iy each subject are presented in tables in the
sppendix along with the corresponding chemical analysis of the
adipose tissue specimens from the subjeats.

The possible effects of budy welght, sex, ape and gasteros
intestinal disorders, on the composition of sdipose tissue of these

subjects have been studied.
Body Vieight,

The samples were grouped atcording to the weights of the
subjects, caloulsted as pereentages of their standard weighta.
The lowest percentage weight balng 708 and the highest 1605
The range and mean of each component analysed in the adipose tissue
are presented in these weight groups in table 6. The mean waber
percentage decreased from lh.4g in the 70p group to 9.8 in the
obese group, ard there was a congomitant increase in the proportion
of fat as the weight of the subjects increased. The fat pweem’-aal
in the 704 growp was 383.5% while that in the obese group was 33425
| The pange of btoth the fat and water proportions decreased with ’
increasing body weight. Protein, as well as potassium and sodium,
decreased with imoressed body weight with hardly amy change in thein
breadth of variation. |

The sigificance of this relationship between the different ‘

adipose tissue compoments and the increasing body weight was \
tested by correlating the components of each of the 6l samples l
wWih the corresponiing percentage weight of the mabject. Tie |
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sorrelation coefficierts for water, fat protein, potassium and
soddum gre respeetivelyse -+ o355 4 o35 +.%; +.¥ ant = «294
It can be said from these results that there is an increase in the
amount of fat in adipose tissue as body welght increases, but this
is not a very maried inoreasd.

Pige 2 to 5 illustrate the relation of water, fat, protein and
potassium in adipose tissue with the percentage body weights. The
moftheconponﬁntsforo&hnﬁ.@b geoup are linked to give |
the twend of this relationship.

Adipose tissue in the 3 obese subjects wes then gompared
against that in 8 subjects within 6 pounds of thedr desirsble body
weight to investigate the possibility of protein imorease in adi,pw
tissue in obesity. The protein and fat proportions in each sampls
sore assumed o be representative of sdipose tiswe throughout the |
body of the respective subject. This fab = protein rotio was then
related to the inarease in body fat sbove that fourd at desirable
body wed.ght.

The percentage value I have used for the fab at desirable |
body welght in men 4s L awl 26% in womh™?), oud the increase in
body fat of each obese subject was estimated as 63&”’ of the

'obesity tissue® assumed to be the diffevence betwean their real

body veight and their desirable body weigit. This additional fab
w8 added to the rormsl fat and the protein component of the total
adipese tissue was calculated from this, using the fat and protein |
' percentages already estimsted in the adipose tissue specimens.

In the few controls who weighed a little lsss than their
' destrable wed ght, 63?3') of the weight difference was talen to s

l fat and subtracted frop the rormal fab.
\

l




The Relationship between the different Adipose Tissue components and Body Weight .

Fige 2 (r === .35)

361

TISSUE

~n
~nN
1

WATER g / 100g FRESH

34+
32+
30
28+

~n ~n
- -3
1 1

' :
:‘!::°

~

T T
75 85 95 105 115 130
", STANDARD BODY WEIGHT

Fig. 4 (z;‘=~-.- «26)

PROTEIN g %

L ]
6-
L]
5_
[ ]
[ ]
4- e e
[ ]
[ ]
L ]
[ ]
[ ]
3—1
°
[ ]
[ ]
O
4
2+ °
8 ., . 3
H e °
L ]
° % i
1 e 4
0 I T I 1 ] L
75 85 95 105 115 130

% STANDARD BODY WEIGHT

100

K mEq /100g

Fige 3 (r = 4 +35)

o
@
1

e
3
1

e
o
1

0.5+

0.3

0.2+

T 2§ 1 1
75 85 95 105 I 130
% STANDARD BODY WEIGHT

0.1

1 T T T T 1
75 85 95 105 115 130

% STANDARD BODY WEIGHT



&N cen
i uY
ss 06¢
1711 e
e 1)
- o
oge e
& 556
TeW03 UT Joseds UTe404]

ceo*

TEO*

£10°

ote*

g0

e

e

£cee

AL M

2 9¢

é°2¢

9%

é°0f

9°€9
6°9..

§°09

T -
g~ g =
& 0
e G-
T TR
z6s e+
it A
L6€ @+
€o6c  JE +
MW% b1 4
e E

et

SE€T

£€T

92T

s

YeL€
L9
9%

%

€°6¢
0*6£
e°Le

el

1154

T

™1

05T

€re

£t

TTiEva

s



‘uemof UT §T) pue 983 Pp SUTBUCD Uar Uy enssyy £318eqp, pue
HT ereue wie 9eF YT suteuon Apoq evem prepuvas .Enasﬂﬁmeagﬁoa?g o

*sfey 983 %9 sursqueo 9s07 eneeTy pue ,eneeyg £Lqveeq0, Summssy g
AY BT erowey puv Py sutejuce Lpoq STEN prENUBYs WMy BUmmcey X

90¢ 0ie 610° E i 71 T - 5= £9T o' €1 el
o€ ele 1o oté* 0°9% 1€ G+ 89T g2 for 29 I
Wz e 4 0zo* o5’ i g€ 9+ 08T 0*® 05T ™ €
€61 Ut Kisy Slge g€ §e 1+ T o 05t &L 61
Wt TONoR. *a
9L g0l 820° 058 AFA Tese o't 86T T°ce 8 88 &
ot §L€ Lto &3 9* €Y g 0g £ee 96T g*ee 9T 9 of
%06 TR €0° fEa. Y o EE+ £8T é°0C 6t e 1€
™ AN £ene clge T 6°¢T ot e $*5T Tt €T &
o
moeaE W R w m
e T e T e s TIimE e =




56

57

55

3 8
30
28

19

17

633

518
390

in
262
272
279

L5k
L9

S EERS

£ E

359
291

593

32
255

3

g E

762

193

g § 32

958

197
23k
210

L37
576
557

328
346




25

These data are presented in table TABCE&D. It can be seen
that the four obese men appear to have cousiderably more protein
in their total adipose tissue than thabl of the four normal men,
while only two of the four obess womm have a marked increase in
their adipose tissue protein sbove that in the four rormal women.
vhen desirable body fat is taken to be 16] for mon and 17 for vomen
and obesity tissue fat is assumed to be Gy for men and 7Y for
wm‘f ) the saue result is obialned.

In view of the faet that the composition of adipose tissue
amongst the obese is as wariable as that amongst the normsl subjects
the mean values of the fat and protein componants of the two groups
were also used to esloulate the protein content in the total
sdipose tissue. The caloulations as listed in teble 7€ now show
that there iz a marked inorease in the protein comtent in the
total adipose tissue of both obese men aml women gbove that in
pormal men and women. It can be said with a fair amount of
certairty, therefore, that there is a cellular incresse in the
adipose tissue of moet potients with obesity.

28
then the data were grouped according to sex the only dlfferemnce

in the composition of adipose tissue of the tuo sexes wes o sligat
higher protein content in the adipose tissue of the men. All the
other components were imsignificmntly different. The mean values |
for each component and thelr stardard errors are presented in
table 8.
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51 » O
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L.74
.60
2ely5



30

Men :
SeBoe 1.1 1.5 02 D03 «Ob
Women Haan 12.6 &503 2-6 .3‘6 1.53
SeGe L. 6 103 2 .WOI.. 0L
Age

The possibility of a change in the adipose tissus composition
with age wes exarined by grouping the data according to age at
intervels of 10 vears. The wumbers in each group ars ratier
small to be wrih investigsting in sbatistical deteil, tut it can |
be seen in table 9 that the four groups from L0 years to 70 years
with mmbere from 8 to 14 in each group, are incomsistantly
different wth w trent developing with incressing agd.

1t was sssumed that the subjects who Imd had herrdas ami
those that had undevgpne sppendicectonies, prostatectomies, |
ovariectomies, bilateral adrenslectomies, or mastectomy and
gection of arterisl nerves, had sound digestive systems. These
were compared againet the rest of the subjects Wth gaatro:lm-.estinali
disorders to see if their adipose tissue differed at all in |
composition. The means and their standard errors are found in
table 10 below.
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qo.
\
Normal lean 13.2 2347 2.7 N 1.67
Bl 098 1-3 2 «03 0
Diseased Mean 12.68 8245 247 L7 1.37
ERTTY 1.26 1.18 202 <30l <0

It can be seen from the table tat the only significant
diffeverce bitween the composition of the adipose HWssue in the
two groups is the sodium content.

The relstionship the components of adipose tissue have
between themselves arve illustrated in fige 6, 7, 8 and 9 with
the emglauon coefMNeient ani the regression equation for each
pair of components. The water ard fat components have a very
high negative correlation (r #-.98 and protein ard water also have
a strong correlation (r =+.72)+ Protein aml potassiun (r 3+.07)
and the sum of potassium and sodium amd water {r m+59) are less
strongly correlated.

Potassium and sodium are related in a ratio of 1;3 and since
sodiun is lkoown to be predominantly extrasellular, (23, 2 2),

44 is interesting to mote that approsximately three quarters of the
water in adipose tissue must be exirs cellular.
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The K/N ratio (milli eguivalents K/g.N) was found to be
1.4 which is half that found in ruscle and liver. The total
phosphorus estimations on fat free dry sdipose tiswue are
presented in table 1l. The mean value in the obese subjects is
lover than that in the normal smabjects.

The iodine mumbers of the fatty acids range from 63 to 72

in the adipose tissue of the obese subjects and from as low as
55 to &, in the normal subjects.
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The resulis of this investigation show a widewariability in

|
\
°

the composition of adipose tissue in lean normal and obese subjects

This is in accord with previous analytical data as listed in table ‘
2. . |

——

Despite this wariability, there appears in obesity, to be

% both an inerease in the congentration of fat in the adipose tissue

\ amd an increase in the mumber of fat cells. For it hes been
ghown, that there is a small, but significant increasse in the fat

\ component of adipose tissue with increase in body wel ght. This
l small inerease in the fat component could, however, hardly accourd "
| for the intrease in weight of from 20 to € pourds of tody fat, if |
it represented the congentration of this fat in a set mumber of ‘{
fat cells. |
This adds weight to the observation, despite the assumption |
\‘ that the adipose tissue sample analysed was taken to be
} representative of adipose tissue throughout the body of each
] subject, that there is an increase in the protein of total adipose
tissue in obese subjects above that of normsl subjects. This |
has been interpreted as an increase in fat cell mnber. (26 |
These findings are in agreement with those of Bjurulf . ‘;
His is the only other work that has leen done on this subject. ‘
He found that a person with a thick panniculus adiposus has ‘
| larger and many fat cells, vhile a person with a thin panniculus |
\. has small and few fat cells, vhich means that the \
$ individual gifferences in thickness of subcutaneous tissue is

| ascribable to changes in size as well as in rumber of fat cells.
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Bjurulf's imwvestigstion wes earried out on autopsy

daterizl talen from 110 mile cases ®tween the ages of 25
88 yeara. The specimens were subsutaneous adipose
esue taken from the chest, abdomen, thigh and greatl toe
dnd the subcutaomeous fat thiclmess ranged from .1 mm ®©

1 ma The cell size was measured by projection, on %0
ser, of a photographic image 500 times the size of the
dell, and the cell mumber was represented ly the number of
dolls present in the subcutaneous fat along an impginary
gtralght line perpendiculsr o the sldn and the musele fascias
Bjurulf found during his imvestigation as did 2eb " that
there is a very wide range in the gize of fat cells. This

i possibly account for the great variability in the
sgition of adipose tissue in both mrmal snd obese
jubjecta. Reh found cells ranging from a sise of W00

o 170 u and using the sawe method far measuring cell size,

3 jurulf detected cells as small as 7 u vhile the largest

holl was 200 u in dismeter.

The higher protein consenteation I found in the adi pose
tissue of men gbove that in WomSD Wad ot detected by Vage

Garri 2 . The varigbility of the adipose tissue

ompogition of sheiy subjects was 80 great that the apparent
frevence between the 8008 Was fourd %o be insignificant.
en they correlated each Wt. of adipose tissue with
age of each gsubject they fourd that, in men, tie residue
noveased vith age as did the fat, tut to a lesser dagreé,
the water also decreased 8 little. In womm the

due decreased W th ag® asdld the water and there was a

light incwease in the fat cortent. I was unable to show
trend of changs with agé.
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Considering the relationship between the various components ‘
of éd?geao ti.smez ;;he}o)m %/N vatio of 1., as opposed to 3 in \
liver amd mle ' amn possibly be explained on the grounds
that probebly half or more of the proteln in adipose tissue is \
probalily extrs celluler and nob actually part of the fat eell.

This would probably explain the strong correlation betusen l
protein md water since approxingtely three quarters of the l
wter in adipose tissue is extire cellular; as judged Wy the No/EK |
ratio. , .

The very high ratio of sodium and potassiunm in gdipose lissue ‘
is in lweping vith analyses that have been done on skin ad tendon '
Wobh of vhich comtain much more extra eelluler fiuid than melas |

The lower phogphorus comtent in the fat free dry adipose |
tissue of the obese tends to suggest faal there are fewsr mclei

in the tissue or prhgps thet the enzyme phosphates are lover in

obese adipose Lissud. -
The dodine mmbers of omental fat sbtained by Cuthbertson
are slightly lower thon those he obtaimed for subcutansous fably
acidss This probably explains the wider renge of iodine mber . (
1 obtainod as opposed to the small variation found ty Pawan anmd |
Vagae' andl Carvigies. The mjority of the adipose tissuo samles
I amalysed were from thz}g;namum- Tn an eaviier investl gation, ‘
Cathewrt anml Cuthberteon  found very ittle dif i‘argme in the ‘

property of fat in the sddpose tissue of very fat vomn and st

mpbers fwo&aca:ﬂmmldspotfaas has not been shown 0O be
significont. Poseibly on the gounds that imsufficjent samples
vere amlyseds ‘

in normal womene. The difference Pawen found in the lodine '
|
|
|
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Adipose tissue from pigs, sheep and\ rabidts as well as that
from man and mice was amslysed. A

The pig and sheep fat was obtained from tle abattoir.

Almst directly after the sheep had been slaughtered, a strip of
the large omentum was cut off and put straight into the universal
cortalners used for the humen specimens. The same precautions
were talmn to avoid ary contamingtion of the sample with either
sodiur or potassium. The fat talen from the pigs was treated in
a like manrer. This was obtained about an how after the pigs
had been slaugtered, aml was talen from the lower abdorimal
subcutanecus layer.

&aalysié of these specimens, both from the sheep and pigs wes
started an hour after they had bteen talen, and it vwas ot necessary
to lmep them in a vefrigerator. |

Perirenal fat was talen from experimentsl rabbits as soon as |
they had been corpussed and dissected. Amlysis of the tissue ‘

was started directly as the experimental leboratories were close \
at hand,

Anglyticol Daba
The collective snalytical date from these tiree snimsls are

resented in tobles in the appendix.
In table 13 the means & s.de« of each of the comporents in the
pose tigsus of these three animals are listed wth those of the

aml mouse adipose tissue.
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o can be seen that human adipese tissue has the highest
water, proteln, potassium and sodium comtent as well as a higher
degree of unsaburation in its fatty aeids. It also has the
lowest percerbage of fat. The adipose tissue composition in the
pig is remorkably similar to that in men . Tie only resl
differerce being the degree of saturation of fts fatty acids.
Although potassium, sodium and iodine mubers were not ea.ﬁ.od
on rabuits sdipose tissue it can be seen that the water fat snd
protein also have very much the same relstionship as tmat found
in man.

Mice have rather a higler fat comentration in their adipose
tissue with the water content correspondingly lower amd the
protein conbent markedly reduceds

The fat conbent in sheep adipose tissue is so hih as to e
almost the sole compoment. It has o percentage value of 960
while water only comprises 3. of the tissue ond protein only
&
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|
|
GEIERAL_DISGUSSION \

It appears that fat cells in both mice and men increase |
in mrber as an increased ampunt of fat is stored in the body.
This has been shown more clearly in mouse adipose tissue as the \
necessary data for more conclusive evidence have been more |
accessible. |

The increase in the concentration of fat in adipose tissue
vith an incresse in body welght in men was nob detectable in mice. |
This seems largely due to the fact that even the adipose Lissue \l
in lean mice has a remarkably high concentration of fat in it. |

Since no mitosis has been detected in the adipose tissue of
either mice or rats it seems that the imorease in the number of
fat eells with increasing adiposity must develope from |
undifferonﬁiated meserchymal cells or from mature commective |
tissue gells. It has been claimed by some that the fat cell, l\
viich develops from the undifferentiated mesenchynal cell, is a |
specific cell.(la' B Shen 35) But other ime(ség’g;z.io%g) support
the view that the fat cell is mevely connective tissue which has
taken on the new task of storing fat. The root of the difference .
between these views Lies in the lack of true evidence that fat \
cells actuslly develop from undifferentiated mesenchymal cells and i
not from fibroblasts.  Until undifferentisted megenchymal cells |
have been clearly distingaished from fibroblasts amd fat deposition:
has actually been seen to take place in them, it can only be
assumed that fat cells are comnective tissue cells. This means

that there is really no limit to the amount of fat that can ©®

aceurmlated in the body. But on this assumption we are led to \



3%

wnder vy more fat accumilates in subcutanems connsetive tissue
and predominently in the akdomen, a3 opposed to comective tissue
in other parts of the body. This S.s surely a subject which is
in need of further investigmtion.

It appears that the geners) composition of adipose tissue is
very similar in man, pigs and rabbits, vhile the fatty acdd
composition of the fat deposited in man and pigs is distingishably
different. Although the fatly acid composition of fab in rabbits

was rob studied it is mn” that their composition is also
peculiar to the rabbit species.

The fat cells in mice md sheep seon to b abls to concentrate
more fat than those in man, pigs ond reblits. | Little else can
be said of the dato scoumilateds.
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|

\

The sim of this investigation was to try and shoy whether, |

in obesity, a set mmber of cells becomes imreasingly distended ‘
with £ab, or whether they increase in mumber os more fot is |
depositeds l
Selected large mice, one line with little fat and the other §

with excess fat, 28 well as mice of the ori@nalatwkzmmeh}

|

they had been selected were used for an investi gation into the
composition of wouse adipose Lissue. The chemical components |
in adipose tissue were analysed on the gpididymal fab pad of ‘
thase miee and the weight of the fat pad was also used a9 aniuhz
of the fatness of the animal. It was found that the chemical

corposition of adipose tissue was approximately the same in te

large fat and control mice, bt the welght of tle epididymsl fat
pad in the large wice was more then tvice ag great as that in the |

control mice. It was also shown that 1 mg protén mthofabpad

\

of the large fat mice supported the same apmount of fat as is
supported by 1 mg protein in the fat pad of the control mice.This
(inding was taken as an indication thal the number of fat cells
hed ircreased. |

The large lean mice had approxingtely the same epididynmal rat.
pad weight as the conbrol mies, but the concentration of the
protein potassium and sodiun componants of their adipose tisswe |
wore higher than that in the sdipose tissue of the combrol mice.
Thiaeaomtehmbamdmtomeﬂoctotuhauon-

6L biopay samples of human adipose tissue, taken from
subjects undergoing abdominal operations were analysed. Of the |
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61 subjects, 31 were male and 30 vere female, soue of wich
were loan, others well nourishied and 8 were obeses The
subjects were from 1 to 33 years of age.

The composition of the adxposgj\‘zi“%m lean normal and
obese was Tound to be very varigble. When, hovever, each
componernt, of adipose tissue was correlated with the
eorresponding peraentage welght of each subject, it was
shown that there is a smpll, bub significant rise in the
amount of fat in adipose tissue as body weight increases.
Water, protein, potassium ani sodium decreased.

Adipose tissue in the 8 obese subjects was compared
against thst in 3 subjects within & pounds of their
desirable body weight to investigate the posaslbility of
protein incrense in adipose tesue in obesity.

It appeavs that the protein cortent in the total
adipose tissue of the obese is higher thaon that in the
mormal subjects, and this has been interpretted as an
indiestion that the fat cell mmber has increased.

A shoet study on the possibility of mitosis in adipose
tissue of mice ond rats was undertalen usiﬁ colchioine
a8 o mitobic inhibitor. o mitosis was found. :

The eompesition of adipose tissue in rabbits, pigs
mmwmahoammndandmmdﬁmtmwmee
and mane
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