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- CHAPTER 8
SOME GENERAL CONSIDERATIONS

In this chapier is attempted a general treatment of the
histophysiology of the adipose tissue within the compass of what
has been studied and presented in the preceding chapters which
perhaps might otherwise appear as water-tight compartments. In

howevey, . ,
doing so, it should, be made clear, that né claim of any considerable

success in acquirin; a comprehensive understanding of this complex
tissue, is made, but on the other hand, I should consider my efforts
worth their while if certain éreas of uncertainty in our present
gstate of knowledge regarding'this +tissue, are brought to light.
For the proper underétanding and agcurate evaluation of
the functions of any tissue or organ, an intimate study of its
structure is very neqeésary. ?he histological sfruciure of the
adipose tissue in thé,differeﬁt vertebrate groups shows some
interesting features, Certaiﬁ manmmals, passess two types of
adipose tissue, namely, the brown and the yellow. Of the former,
that occurring at tgg interécapular region is the most important
and well developed aédlthaneilow variety also occurs at various
sites in the body. Iﬁ;bther‘vgftebrates, only the yellow type
appears o be present;;The‘hiétological structure of these two
types of adipose tissue are different, The cells in the yellow
adipoge tissue is much biggér;than that of its counterpart. The
cytoplasm in the former is confined to the cell periphery and
80 also the nucleus. The inside of the cell is filled with a

single fat droplet. The nuclei of ‘the brown adipose tissue are

eccentric and the fat droplets in the individual cells do not



75

become confluent, with,tﬁe reéuit that the cytoplasm has a
vacuolated appearence;fmhe bﬁgwn and yellow adipose tissue are
nemed 'multilocular' and 'unilecular' respectively with referénce
t0o the number and size of‘thg'lipid droplets present in the
individual“cellso The amounf_of,cytoplasm is many times more in
the brown adipose tissue thaﬁ tﬁe yellow, The structure of the
yellow adipose tissue in all the vertebrates studied is found %o
be.the gsgme, irrespective of the evolutionary status of the animal,
This similarity in structure does not necessarily mean functional
identity also. Nevertheless, the differences in the characteristics
of the yellow adipose tissue in the different vertebrates appear
10 be only-of degree and not of kind. The major component of the
cytoplasm of the adipose tissue cells gppears to be collagen. It
should be of interest to note that the structure of the locust

fat body is almosi lige the yel;ow adipose tissue of vertebrates,
with the difference tpét aloﬁg with fat cells in the locust, there
are certain cells called oenocytes (Coupland,?QS?).

The histogenesis of the adipose tissue is not well
understood. However, itiis mow more or less accepted that the two
types originate at deftnite predestined sites in the body and
keep up their individuaiity throughout the life span of the
animal. Sidman (1956) has reported that brown adipose tissue does
not differ fundamentally from the yellow with regard to development
and also contended that intefgrades between them also occur.

‘The main, if not the sole, constiituent of the adipose

tissue appears to be, lipids. The major part of the total lipids

of the adipose tissue is in the form of neutral fat - glycerides.

Phospholipids ahd cholestercl are present only in minor quantities,
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especlally, in the yeliow adipose tissue, The glycerides occurring
in the brown and yellow adipose tissue are reported to be different,
the former containing more -saturated fats and the latter, unsaturated
(Fawcett,1952), Unsaturated fats are more readily utilized than

the saturated., Thus the yellow adipose tissue appears to be
metabolically more important as supplier of fuel for energy. Lipids
stored in the adipose tissue are not static reserves but are
constantly being drawn outiggstored (Schoénheimer,1946). The
glycerides in the adipose tissue are either synthesized there itself
or transported from extraneous sites of synthesis or both. The
synthesis amd breakdown of the glycerides, requires the enzyme,
lipase. Lipase was detected in the adipose tissue of all the
vertebrites studied and also in the fat body of an invertebrate,

the desert locust. The question whether the enzyme under considera-
tion is a 'true lipase' is now fairly settled by the fact that

in the histochemical study; "Pween 80" used as the substrate, is
specifically attacked by 'true lipase' (Gomori,1953). But all the
same the possible occurrence of esterases also is not ruled out,
However, the ascertion of certain workers that the fat-splitting
enzyme of the adipose tissue is an esterase and of certain others
that it is a lipoprotein lipase seems to be illfounded. The
quantitative study of lipase by manometric method confirmed fhe
occurrence of a 'true lipase' in the adipose tissue., The substrate
in this case was tribgiyrin and the engyme that could split
tributyrin -~'tributyrinase’ - is now generally agreed to be a

‘true lipase' and not an esterase (Chapter 6). The adipose tissue
in the different vertebrates contain varying quantities of lipase.

It appears that the amount of lipase present in this tissue can be
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regarded as an index of the capacity of the tissue to synthesize
as well as split up glyceridese Iarge quantities of the lipase
were found to be present in this tidsue of the lizard, pigeon,
rosy pastor and 1001;3‘&. In all the other animals studied the
concentration of the enzyme was found to be comparatively low.
These results show that lipase activity is less in the adipose
tissue of those animals iﬁ wﬁich the fat is gradually built up
and gradually used up, but on the other hand, it is very high in
thoge in which fat is built up rapidly for a large scale utilization
in a shorter period. The high figure in the lizard which may be
true for other reptiles as well, is perhaps due to the fact that
they are constantly threatened with starvation during some seasons
and also they lay.large, yolkéd eggs. Moreover, for a terrestiial!
reptile more fai sygthesized and stored means more water conserved
and more fat utilized means more metabolic water made available
to meet acute conditions of drgught. Seasonal variations in the
lipase content of the adiéose¢tissue of the frolg was noted,

During midsummer thé enzyme activity was found to be lower than
thatlduring the rains, It should be pointed out that the breeding
segson of the frog is during the rains~and}$pr the manufacture
of eggs and sperms fat:is essgntial@ The amounts of lipase |
present in the brown:and yellow types of adipose tissue in tﬁe
bat were found to be different, that in the latter being more,
Neutral fat is mor; in the yellow adipose tissue and it is
reported that fat in this ﬁissﬁe is mobilized in greater
concentration at a faster ra&e than in the brown adipose tissue

(Remillard,1958). This could be accounted for by the higher

concentration of lipase in the yellow adipose tissue, Liver is the
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organ well-known to synthesiéé'large amounts of fat. Adipose
tissue can synthesize fatty acids at no lesser rate than liver,
when reduced to cytoplésmic un;t, nanmely, fat-free tissue or

total nitrogen content Cfellgr;1954; Hausberger et al,1954).

The esterification of'fhé fat¥y acids thus synthesized, to glycerides,
mugt be brought about ﬁy the lipase present, As stated earlier

the capacity to synthesize fatty acids and further fats by the
adipose tissue appears to be different in different animals. Thus
in the‘case of the fowl, there is comparatively only a small
quantity of lipase in the adipose tissue, it is reported that most
of the synthesized fat in this tissue has its origin in other
tissues (Bumgardner,1957). It is fairly safe to believe that the
capacity t; synfhesize fat will vary proportionate to the lipase
concentration, Nevertheless, more quantitative data are neesded

to establish this contention irrevocably. ‘

Flying animals likefbirds, bat and insects (locust) have
been shown to utilize chiefly fat for muscular energy during
sustained exercise (Gebfge and Jyoti,1955 and 19573 Weis-Fogh,
1952). The adipose tissue wi%h’its large store of fat could
supply this material to tﬂe muscle, as the muscle fat gets
depleted and the intramascular fat store may not be sufficient to
meet the great demand for fuel during prolonged exercise such as
migratory flights., Now the q@gsﬁion that arises,is; in what form
the fat is transported ﬁo thé muscle from the adipose tissue. A
definite answer to this is not yet available, Investigationsiin

that direction are in progress in our laboratories.

0f the three birds studied, pigeon and rosy pastor are

a
very good fliers, the former indulging many, time in sustained flight

A
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and the latter is a migrant,'flying as far as southern Burope
during the months of April-May. In sharp contrast, the domestic
fowl is known to be a very poor fiier. Ehg:lipasﬁréc&i&ity%ip the
adipose tissue o£ the first two.are very high and that of the
fowl is low. The locust fat hody also contains large quantities
of lipase, and this animal is also known to be a goéd flier. A
low lipase activity was ;ecorded for the flying mammal (bat).

This could be expécted gince, even though‘bats are able to fly

and they may utilize fat for muscular energy, they seldom indulge
in long range sustained flights like birds. On the other hand
adipose tissue fax'in bat acts as an energy store for slow and
gradual utilization during hibernation or aesbtivation, as the

case may be.

The study of the biochemical properties of the adipose
tigsue lipase of the pigeon by manometric method, revealed the
following. An aqueous extract of the ether-defatted adipose
tissue is active by itself and is not dependent on any added
substances like cations., It does not seem to contain any
metallic component in its enzyme protein and does not require
metal ions for its activity. The enzyme appears to be an -SH
enzyme or one requiring -SH or -3-S- for activity. This, however,
is not in complete agreement with conclusions reached by Scaria
(1958) and George and Scaria (1959) in their studies on the
lipases of the pigeon pancreas and breast muscle. According to
them, the pancreatic and breast muscle lipases are both metallo-
proteins or enzymes requirihg metallic ions and reactive NH2

groups for activity and are devoid of -SH or -S~S- groups. Apart
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from these differences there are also points of similarities
between the lipases obtained from dlfferent sources in the pigeon,
Alkaline and acid phosphatases were found in the adiposs
tissue of all thé animals tested. There are a number of functions
attributed to the former. But in the adipose tissue it appears to
be specially connected with 11p1d metabolism, In skeletal muscle
also this appears to be the case. Thus in the pigeon breast muscle
it is reported 4o be present on}y in the fat-lcaded narrow fibres
and not in the glycogen—lbaded broad ones (George, Nair and Scaria,
1958), In the adipose tissue the concentrétion of this enzyme,
almost follows the paitern of dlstrlbutlon of lipase. Thus in the
adipose tissue of the plgeon and rosy pastor it is comparatively
more than that of the fowl; The brown and yellow adipose tissue
of the bat do not differ much 1n thelr alkaline phosphatase
content., This is more or less true of lipase also. Acid phosphatase
is believed to be 1mportant in Proteln synthesis mechanism
(Kivalo et al,1958). ATPase was studied in the pigeon adipose
tissue and the brown and yellow adipose tissue of the bat. The
exact role of the considerable éugﬁjities of this enzyme present
in the adipose tissue cannot be&séégested in the present state of
our knowledge. The concentrations of the different phosphate
compounds in the adipose tissue are not known with respect to
these énimals. Zimny and Gregory (1958) investigating the composi-
tion of the brown adipose tlssue of the 13-gtriped ground squirrel,
has reported the. concentraxlons of the following phosphate

compounds in a decreasing gradat;on: inorganic phosphate, creatine

phosphate and adenosine triphosphate (ATP).
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The presence of Krebs cycle enzymes in the adipose tissue
shows that tricarboxylic acid cycle operates in this tissue. The
oxidative enzymes were found to be occurring in more or less equal
concentrations in the yellow adipose tissue of the pigeon, fowl,
rosy pastor and bat. Only the brown adipose tissue differed in
this respect, having large quantities of these. The results of th9
in vitro oxygen consumption studies suhstantiate these findings.

. The oxygen consumption of the brown adipose tissue of the bat was
very high while the values.obtained for the yéllow adipose tissue
of the bat and the adipose tissue of the pigeon were comparatively
low and these last two being more or less the same. One obvious
point emerging from these results is that, the yellow adipose tissue
of different animals differ mainly with respect to their 1lipid
metabolism, while the oxidétive metabolism ié more or less the
same, The opposite appears to be true when the brown and yellow
adipose tissue are compared. Here the main difference ssems to

be in the oxidative metabolism. Sulphydryl groups were found to

be much more in the brown §d1pose tissue than in its counterpart.
This may be due 1o the highér dehydrogenase content since
dehydrogenases are known'to contain -SH groups in their protein.

The adipose tissue of the pigeon was found to be lacking
in histochemically demonstrable glycogen. According to Fawcett
(1952) the brown adipose tissue contains large quantities of glyco-
gen and the yellow adipose tissue only negligible amounts of it.
It appears that carbohydrate metabolism is of minor importance,

if at all, with respect to yellow adipose tissue. Even the

pathway of carbohydrate metabolism has been shown to be different.
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The enzyme, phosphoglucomutase catalizing the reaction

glucose~1«phosgha@e 5——-A glucose~6-phosphate,

is reported to be abseh%*in ﬁhgiyellow adipose tissue of the rat
and present in the brd&ﬁ type (Mirski,1942). Amylase is said

to be operating in its g;ace‘in{the yvellow adipose tissue. However,
the adipose tissue is‘éapablg 6f actively synthesizing fatty acids
from glucose (Hausbergerjgghg&,1954). Phe protein content of the
fresh brown and yelloﬁ;adipose;tissue was found to differ much,

the former containing more tbtal proteins per unit weight.

In conclusion it may be said that the yellow adipose
tissue plays a major role in the 1ipid metabolism of the different
gnimals. Other metabolic acfi@ifies are only of minor importance.
The exact function of the brown adiposé‘tissue is rather a
controversial subject. Some of the earlier workers (as reviewed
by Fawcett,1952; Menschik,1953 and Remillard,1958) called it
‘hibernating gland' and 'cholesterol gland'. Both these names

. Q_dequate
are discarded now, due to lack -of, evidences to justify their

retention., Recently Rothbard (1952) attributed a dual function to
the brown adipose tissue in the metabolism of the mouse. He
cons;dgrs that it is qéeééd in milk production and as energy
source in the process:of parfugiiion. The function of this tissue
in the male remains unexplained. My present studies have shown
that the brown adipose tissue-also shBuld play an active part

in the différent ﬁetaboi;c~acti§ities along with the other tissues
of the body, though with regard.to lipid metabolism it is

inferior to the yellow adipose tissue,



