CHAPTER 2
HISTOCHEMISTRY OF THE AVIAN ADIPOSE TISSUB

I The Adipose Tissuefggfthe Pigeon:

The adipose tissue of Aﬁ@@éls especially rats have been the
subject of extensive studiés ié;#iéent years. It kas been shown that
the rat adipose tissue ié métabq};eally active, capable of actively
synthesizing fatty acidsgfrem gﬁggﬁrsors like glucese and acetate
(Feller,1954;'Hausbergerhgﬁzg;,{§54). Active synthesis of glycogen
in the adipose tissue (eépecial}ilin the brown adiposé tissue) is
guggested from the work of"?ariéus’authors (as reviewed by Levef,
1957). Of the two types of adlpose tissue present in certain
mammals, the brown varlety 1s reported to be more active., In the
pigeon, however, only the yellow adlpose tissue seems to be present
and it is profusely supplled wlth ‘dlood (Chapter 1). The adipose
tissue in birds is of especial igﬁerest, because migratory birds
are knewn 1o store large amounfgf;f fat in thig tissue, prior to
migration (0dum and Perkinson,1951; McGreal and Farner,1956),

Since it has been shown that fat is fhe chief source of energy for
long and sustained muscular activity (Weis-Fogh,1952; George and
Jyoti,1957), it seems logical to thlnk that the adipose tissue in
such animals should play a v1ta1 role in metabolism, especially
with regard to llpldsa The- plgeon 15 known to utilize mainly fat

as fuel during prolonged- muscui;r’;xer01se (George and Jyoti,1957),
and a hlstcphys1ologlca1¢study on the adipose tissue of this

animal was therefore conéidereétW6?thwhileo Histochemical reactions

for the following were sfgéied: ;iﬁase, alkaline phosphatase, acid

phosphatase, adenosine triphosphatase (ATPase), succinic, lactic,
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malic, glycerophosphate, glutamic and D-glucese dehydrogenases,
glycogen, fat, phosphelipids, cholesterol, sulphydryl groups and

water-insoluble aldéhydes‘;nd ketones.,

Material and Methods

The material used in the present study was the visceral
adipose tissue, covering the coils of the intestine on the ventral

side, of the blue rock pigeon (Columba livia). It was our experience

that when pigeons were well-fed in the laboratory for about two
weeks, the above mentioned visceral adipose tissue was observed to
gfow into enormous bulk gnd provided excellent material for such
’studygyThe tissue was removed after the bird was decapitated and
bled to ensure that most of .the blood was drained off,

Lipase activity was studied employing the "Tweeﬁ" method of
Gomori using "Twesn 80" (Atlas Powder Co. U.S.A.) as substrate,
Fresh frogzen sectioﬂs‘wére mounted on clean 4dry slides without any
adhesive, and allowed to remain at room temperature for about 15
minutes to ensure adherence. This procedure was employed in sll
the other enzyme studies also unless otherwise stated. Before
fixation, sections‘were’deprived of fat by sosking in ethyl ether
for 10 minutes. This modification was found necessary because
sections not treated in ihis way did not yield g?od results. The
same procedure was adopféd :or all other enzymes except the dehydro-
genases, Sections were fixed in cold (4°C) 6% neutral formalin for
16 hours. After fixation the sections were washed in running water
for 1 hour and then rinsed in distilled water and incubated at 40°C

for 8 hours. The incubation mixture contained 5 ml 0.1 M bicarbonafe

buffer of pH 8.4, 2 ml 10% calcium chloride, 2 ml 5% "Tween 80",



40 ml distilled water and a crystal of thymol as preservative
(George and Scaria,1958). This mixture was preincubated at 40°C
overnight so as to precipitate all free fatty acids, if present,
This was then filtered through Whatman No, 1 filter paper and

used for incubation of sectlons: The rest of the procedure was

the same as described by Pearse (1954). The sections were not
counterstaineds Sections bo;ledwlnydlstllled water before incubation
and those incubated in suﬁs%raﬁé-biank served as controls.

Alkaline phosphatase was studled according to the revised
method of Gomori, sodium glycerophesphate being used as the
substrate, Defatted sections werg;ilxed in cold 10% neutral formalin
for 1 hour, washed in runni;g wgtpf for 30 minutes, rinsed with
distilled water and incubated in ‘the substrate medium (Pearse,1954),
at 40°C for 24 hours, The‘rést af the procedure was the same as
described by Pearse (1954). Sectlens which were kept in boiling
water for 10 minutes prlor to 1ncubatlon was used as centrel.
Another conirol employed was 1ncubat1mg the sections in the

incubation medium devoid of the substrate.

The revised method of Gomori was successfully employed

on fresh frozen sections of the adipese tissue to demonstrate acid

phosphatase activity (Glick,1949). After extraction with ether,

sections were fixed in cold (4° ) 10A formalin for 1 hour, washed

in running water for 1 hour, rlnsed in dlstllled water and incubated
for 6 hours at 37°C. The 1ncubatlon mlxture was prepared as described
by Glick (1949). The stoclk solutlon was filtered and-dilutéed with

twice the amount of dlstllled water before use, Incubated sections

were rinsed well in dlstx;}ed waxer and kept for a few minutes

;
i
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in 2% acetic acid(yﬂiterif;nsing again in distilled water the
sections were plaéed in dilute yellow ammonium sulphide and
then washed in disfilled water and mounted in glycerine jelly.
Boiled sections Qegg uséd‘ié control.

ATPase Was”ﬁeteéﬁed‘by the procedure of Pesrse and Reis
(Pearse,1954), making usé of adenosine iriphosphate as subsirate.
Sections were fixed in cold 10% neutral formalin for 1 hour, washed
in running water for the same time, rinsed in distilled water and
incubated for 4 hours at 37°C, The incubation medium used was the
same ag described by Pearse (1954). After incubation, sections
were washed with 2% calcium nitrate, rinsed in distilled water
and treated with 2% cobalt nitrate for 5 minutes, Sections were
thoroughly washed in running water and then in distilled water and
treated with diluté yellow ammonium sulphide, After washing, the
sections were mounted in élycerine jelly. A few sections were
incubated as for glkgline phosphatase at pH 9,2 and for the same
enzyme at pH 7.5, and in a similar medium as for ATPase containing
distilled water in place of the substrate (Pearse,1954). In
addition, sections.goiled in distilled water before incubation
were‘alspfused a8 control,

Succinic dehydrogenase activity was studied by the method
of Straus et al (Pearse,1954), using 2:3:5 triphenyl tetrazolium
chloride (TTC) as the hydrggen acceptor. The same method was
extended to the study ofylaqtic, malic, glycerophosphate, glutamic
and D-glucose dehydrogenases., Fresh frozen sections were dropped

83 they were cut, into cold 0.1 M phosphate buffer of pH T7.2.

After being kept in the buffer for 15 minutes to ensure that all
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the endogenous activity was lost, they were transferred into the
respective incubation hixtureg in cuvettes and incubated for 15
ninutes at 37°C, Incubation mixture in each case contained 1.5 ml
of phosphate buffer of pH 7.2, -1 ml of 0.1 M solution of the
substrate, 7.5 mg of TTC and Oq§25 mg of diphosphopyridine nucleo-
tide (DPN) in-a total fiuid vé;ume of 2,5 ml. DPN was omitted from
the incubation mixture for suééinic dehydrogenase because this
enzyme does not require the co-énzyme (Baldwin,1957). A few
sections were incubated in_ih;ﬁgatien media not centaining the
respective subsirates. These served as controls.

Paraffin sections of adipese tissue treated with Rossman's
‘ fluid were stained for glycogen by the Best's carmine method (Pearse,
t,{954)° Sections treated with saliva for the removal of glycogen
and then stained for glyceggn gérvea as contrel.

For the staining cf\fai; the tissue pieces were fixed in
Baker?s caicium-fermoli(?eazéé?1954) and Ciaccio's fluid. Gelatin
sections of calcium—formol fixed tissue were cut at 15 pe The
tissue pieces fixed iﬁ‘CiaQQiqfé fluid were subjected 4o prolonged
postchremation and paﬁgﬁfiu sé&ﬁicns of this were cut at 15 P
(Chou,1957). Both gelatin and\?araffin sections were stained with
saturated Sudan Black-ﬁfin 76%,éthanol. Cain's method (Pearse,1954)
for the demonstratian‘of‘neuﬁrgi and acidic lipids were also
employed. | } | ‘;

The acid haemagip meigéé of Baker was employed fpr the

detection of phospholipids, Baker's pyridine extraction test was

applied as control.(Pearse,1954fk For the study of cholesterol,

the Schultz method (Pearse,1954) was employed. Sulphydryl groups
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were detected by Bourne®s nitroprusside test (Glick,1949)» and

water-insoluble aldehydes and ketones by the Albert and Leblond
reaction (Glick,1949)

Results

Figure | is the photomicrograph of the adipose tissue
section treated to show lipase activity. The sites of enzyme
activity are represented by a brownish precipitate. The abundance

of the precipitate is due to the high lipase activity.

Fig. 1 Fig. 2

Fig. 1 - Section of pigeon adipose tissue treated

to demonstrate lipase activity.

Fig. 2 - Section of pigeon adipose tissue treated

to show alkaline phosphatase activity.
Sections treated for alkaline phosphatase activity were coloured
brown indicating appreciable enzymic activity (Figure 2). Nuclei
and capillary endothelium stand out in the extent of activity as was
seen by the intensity of the colour. This is in conformity with

the observation of Fawcett (1952) on the adipose tissue of the

rat. From the intensity of the colour developed it was found that
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acid phosphatase and ATPase occur in the éell periphery and the

nuclei, in considerable concentrations.
All the déhydrogenases tried were found to be present

except D-glucose dehydrogenase., Dehydrogenase activity was detected
by the pink colour developed in the cells, due to the reduction

of celourless TTC into bolouré@ formazan, by the agency of the
dehydrogenases, The fdrmazaﬁityus formed went into solution in

the fat which is abundant in the tissue.

Glycogen was not detected in the adipese tissue of the
pigeon, The yellow~adipése t;gﬁue of the rat is reported to be
containing only negligible amgunts of glycogeh unlike in the brown
type where there is conside:able amount of glycogen (Fawcett,1952).
Sections stained with'éqdan Black B revealed, that the cell periphery
contains only negligibie améﬁnts of fat and the inside of the cell
ig filled with fat. Sections stained with Nile blue (Caip's method)
showed a predominaﬁt féd coiouyaxion indicating the abundance of
neutral fats. The absence of:§§tectable blue colouration indicated
the scarcity of acid lipids.f?bespholipids and cholesterol were
found only in very low concentrations. Sulphydryl groups and water-
insoluble aldehydes and ketones were also not detected in appreciable
quantities.

Discussion

For the histochemical study of lipase "Tween 80" was used

instead of "Tween 40" and "Tween 60" as substrate. Fawcett (1952)
expressed doubt as to the presence of a 'true lipase' in the

adipose tissue of the rét after a histochemical study of this enzyme,

He used "Tween 40" and "Tween 60" as substrates (Gomori's method).

p]
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Since these saturated "Tweens" are not specific substrates for
'true lipase' he proposed that the fat-splitting enzyme in the
rat adipose tissue may be an ésterase. éut it is known that an
unsaturated “Tween",iiike 9Twéen 80" is attacked specifically by
ttrue lipase’ (Gomeri;1953).'Since.in the present study I have
used "Tween 80" as suﬁétraﬁg it can be said with some measure .
of certainty that tﬁe‘iipoiyﬁic enzyme of the adipose tissue of
the pigeon is & 'trué lipase’. This however, doss not suggest

that some esterases are absent. From figure 1 it is evident that

the lipase activity in this~fissue of the pigeon is very high and
the amount of precipgfaie deposited is an index of the concentra-
tion of the enzyme. This obéerﬁaiion is substantiated by the
quantitative estimation of this enzyme in this tissue of the
pigeon (Chapter 5).

From the intensity of the stain it was found that alkaline
phosphatase, acid ﬁhosphatase and ATPase occur in the cell peri-
phery as well as the nuclei in considerable concentrations. In
those sections where capillaries were visible, the capillary
endothelium was also stained intensely. A similar observailion was
made by Fawcett (1952) with regard to alkaline phosphatase. The
presence of alkaline phosphatase in the adipose tissue appears
to be connected with-lipid metabolism. It should be pointed out
that this enzyme is reported to be present only in the fat-loaded
narrow fibres of the pigeon-brgast muscle and not in the

glycogen-loaded broad ones (George, Nair and Scaria, 1958), while
the amount of acid phosphatase and ATPase is found to be more in

the latter (George and Pishawikar, unpublished). Acid phosphatase

19
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is reported to be involyed in the protein synthesis mechanism
(K;valo et 21,1958). 2@3 role 6£ the ATPase present in considera-
ble concentration in tﬁg piggéﬂ adipose tissue cannot be explained
within the 1imita¢iené,of théxpresent gtate of our knowledge.
Zimny and Gregory (1958) investigating the composition of the
brown adipose tissue of the 13-siripped ground squirrel has
reported the concentration of tpe.fol1owing phosphate compounds

in a decreasing gradation: inoiéanic phosphate, creatine phosphate
and adenosine triphosphate, Thére are no data available as far as
I am aware, on the cencentratigg or even the occurrence of these
phosphate compounds in the adiﬁése tissue of the pigeon.

The presence of appreciable concentrations of the enzymes
of the Krebs' cycle suggests that the adipose tiseue plays an
active part in the metabolic activities along with other known
active tissues, possibly in the synthesis of fatty acids from
carbchydrates which is the maln constituent of the animals' diet.
The presence of lactic. dehydrogenase in the adipose tissue is

significant from the fact that parmally there is no reason why

lactic acid should be.pfeseﬁf‘in considerable quantities in the
adipose tissue., It is ﬁossibiejthat, 2t least part of the lactic
acid produced during muéculai-éxercise is transporied te the
adipoge tissue, through the agency of the blood, where 1t can be
converted to fatty acids v1a pyruvate, the lactic dehydrogenase
operating in the cycle., If éo, this should relieve some of the
load on the liver, which haé»a*?ariety of other functions to

perform, It should be of interest to note here that when TTC was

injected into the live pigeonm intravenously as well as intra-
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muscularly, the adipose %iséue was found to be one of the tissues
which showed the gfeategﬁ dehydrogenase activity, the others being
the kidney, liver énd thé‘ﬁ}east miscle,

Fawcett (1952) reported the presence of a considerable
quantity. of glyeogen in the. brewn adlpos;JizFrats and a negligible
amount in the yellow, He (1952) further stated that rats which
were fasted for 24 hours“and then fed showed an increase in the
glycogen content in the adlpose tissue, when examined after 2 to
12 hours from the cemmencement of feeding., Similarly I exsamined
a number of pigeons which were fasted for 24 hours and at the end
of that period they were féd'with a diet consisting of cereals. -
The birds were sacrificed at different time intervals of -2 hours,
4 hours and 8 hours from the time of termination of the fast and
their adipose tissue was examined for glycogen. Negative results
were obtained in all the cases., Diurnal variations in the levels
of glycogen in the adipoée ﬁissue were also noted by Fawcett
(1952). Rats which were kiiied during night hours and examined
revealed a greater concentrailon of glycogen than others taken
during day-time. In the present study, all the pigeons used were
sacrificed during day-tlme.l

From the- results ob%alned from the study of lipids in the
adipose tissue of the pigeon, it appears that they are mainly in
the form of neutral fats, This is in conformity with the
observations of Fawcett (1952) on the fat in the yellow adipose

tissue of the rat,
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II The Adipose Tissue of the Fowl and Rosy Pastor:

Having studied some"aépéets ofithe enzymic constitution
of the pigeon adipeseyfissue iffwas thought desirable to extend
the same studies to the adipose tissue of two birds exhibiting
two divergent modes of gctiVijfi the domestic fowl, a nonflying
bird and the rosy pastor, a migrant bird capable of susiained

flight,
Material and Methods

The fowls used in the_pfesent study were the domesticated

Indian indigenous eneé (Gallus domesticus 'desi'). Only roosters

were used in all cases. The rosy pastors (Pastor roseus), were

shot and the adipose tissue taken immediately. In both the cases,
after decépitation of the birds, the visceral adipose tigsue (from
the ventral side, covering the coils of the intestine) was taken
after most of the bloed was drained off, Fresh frozen seetions of
this tissue was used throughout. Lipase was studied using the
"Tween" method of Gomori with "Iween 80" as substrate, alkaline
phosphatase by the Gomori méthéﬁ with sodium glycerophosphate as
substrate and the succihic dehydrogenase by the method of .

Straus et al using sodlum succlnate as the gubstrate (Pearse,1954),

The histochemical procedures were the same as adopted for the

_; :
- "

pigeon adipose tissue. - :L L

\Results

Figures 1 and 2 show the photomicrographs of the sections

of the adipose tissue of the fowl and rosy pastor respectively

treated to demonstraxe.iipaseAactivity. The adipose tissue of the

-
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rosy pastor showed a much higher activity of this enzyme as was

evident from the more abundant deposit of the brownish precipitate.

Fig. |
Fig. 1| and 2 - The adipose tissue of the fowl and
rosy pastor respectively treated for lipase activity.
The adipose tissue of the rosy pastor showed a much higher

alkaline phosphatase activity than the same tissue of the fowl
(Fig. 3 and 4).

Fig. 3 100jx Fig. 4

Fig* 3 and 4 - Photomicrographs of sections of the
adipose tissue of the fowl and rosy pastor respectively
treated for alkaline phosphatase activity.
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The cell peripher& is consﬁicuouéfby its dark colour indicating
considerable enzyme activiﬁy. Thémé&tOplasm of the cells is
confined to the cell permphery whmle the inside is filled with
fat. In the case of the rosy pastor the capillary endothelium
too standg out dark due to the h;gh,concentratlon of the enzyme.
As far as the fow; is concernedméﬁchAa pronounced activity was
nat detected, This is probably because the overall activity of
this enzyme in the fowl adipose tissue might ?e much less. —
Succinic dehydrogenase was found to be occurring in
almostithe samé concentration ip‘the adipose tissue of these two

birds, or perhaps a little moréiiﬁ?the r0osy pastor,.

. * Discussion

The adipose tissué*éf ﬁiidg and many other animals
appears to play a major role 1n lszd metabolism, It is well
known that enormous quantltles of fat are stored in the adipose
tissue of migratory blrds prlor to migration, Considerable part
of this fat is used up durlng the mlgratory flight. It should be
pointed out that the energy released by combustion and utiliza-
tion of unit weight of fat 13 §9rg than that obtained from that
weight of protein and carbohydraxe put together, And atorage of
fat in the form of neutral fat,,ig a much easier process than
that of either pratein or carbo@&drate. Yet another advantage
that of storing as fat is the yiglé of the much-needed metabolic
water made avéilabie in larger amounts especially to such birds,
which indulge in non-stop flight during migratioen. As mentioned

earlier the adipose tisgsue is capable of active fatty acid

synthesis as is evident from the work of Feller (1954) and
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Hausberger et al (1954):6n;the rat adipose tissue, Similarly

the adipose tissug of bixds'ﬁlsatshould be capable of actively
synthesizing fatiy,aeids._ﬂawever, there appear to be some differe-
nces in the relati&e caﬁaoiﬁies for fat synthesis. A fuller
discusgsion on th;s gspgctlis reserved for a later chapter
(Chapter 5). The féity acids synthesized within the adipose tissue
has to be convertgd into'fats for which the presence of lipase
is essential. Takiﬁg this into congideration it seems logical to
assume that the concentration of lipase in the adipose tissue
should be directly proportional to its ability to synthesize
fat, If so, the a@ouﬁt éf fat synthesized in the adipose tissue
of the rosy pastor?w111 be“much more than that in the fowl, the
lipase activity in the prmer being very high. Along with

lipase alkaline phosphatase‘was also found to be more in the
adipose tissue of the rosy pastor. This appears to support my

. earlier contention phﬁtiélkaline phosphatase has some important
roele in lipid metabolism. Thus the higher concentration of both
lipase and alkeline phosphatase in the rosy pastor adipose
tissue appears to be an indication of a higher lipid metabolism,
This is of special sigﬁificance because, rosy pastoi is 5
migranty migrating from India to Burope by the end of April or
beginning of May and retu:ning by August. These birds used in
the pregent study were procured approximately two weeks before
they disappeared from Baroda. At that time the adipose tissue is

very active and large quantities of fat accumulate in them,

There was a marked increase in the amount of fat deposition in

the adipose tissue of these birds from about 30 days prier to



their disappearence from ﬁhis iec;lity. By the time they begin
%o leave, the adipose txssue throughout the body was found to be
virtually filled with fat. In sharp contrast, the fowl is known
to be a very poor flier and censequently the general body
metabolism is also low, a

The presence of almost‘qugl concentration of sucecinic
dehydrogenase in the féwl and r6§§ pastor adipose tissue suggests
that the oxidative metabolism in this tissue in the two birds do
net vary considerably. In conclusion it can be said that the
overall activity of the adipose tissue of the rosy pastor during
the later part of the premigratqry phase is congiderably higher

than that of the same tissue in the fowl.



