Chapter 1

HISTOLOGICAL AND HISTOCHEMICAL OBSERVATIONS ON
THE FAT BODY OF POICEIOCERA PICTA

Among the tissues occuring in the haemocoel of
insects, the fat body forms & more definite organ, usually
arranged as loose mesh work of lobes invested in delicate
membranes. Though the medabolic importance of insect fat
‘body has been knowm since long in such events of insect 1life
as growth, metamorphosis, hibernation and starvation 1little

attention was given for its study untill recently.

Extensive .studies on the fat body in Simulium
(Seriban and Dragut, 1935) and the honey bss (Bishop, 1922,
1923, 1960) have been published. Snodgrasé (1956) has reviewed
the work done on the fat body of Hymenoptera. Studies on
insect fat body wiph special reference to embryogenesis,
metamorphosis and growth have been reviewed by Wigglesworth

(1953) .

Histologlcal and histochemical study on the fat body
of Orthopsers is rare (Coupland, 1957). in a general survey of
the fat body of some of the commbn orthopterag insects, it
was found thatithe colour of the fat body varied from creamy
whitetin the cockroach (Periplanets smericana)to bright
yellow in the banded grasshopper (Poicelocera pictal. In
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mammals it is known that there are two types of édiposé
tissue (Remillard, 1958), yellow and brown, which differ
in their histological siructure as well as metaboliec
activity. The present investigstion on the histological
and histochemical aspects of the yellow fat body of
Polcelocers picta, was tberefore undertaken.

MATERIAIS AND METHODS

Histological and histochemical studies were carried
out on the perivisceral fat body of Pgicelocera picta . The
insects were collected from the field during the months of

July and August and reared in laboratories on fresh leaves

of Calotropis plants.

After decapitation, the specimens were dissected in
insect saline and sheets of periviseeral fat body were
removed from the animal and were either spread on clean
slides and fixed or fixed directly and processed‘for ‘
perafiin sectioning. Usually sections:.u were cut at 10 n
thick. For histochemical studies either the fat.body sheets
werea spread on clean slides or the tissue fixed dnd
embeded in gelatin (Pearse, 1960) and sections were cut on
a freezing microtome at 20 p thick. For routine histological
study Carnoy (6:3:1) and Bouins (alcoholie) fluid were

used for fixing and Hematoxylin-Eosine for staining.
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Fat was studled by using saturated solutions of
Sudan biack B and Fettrot 7B in ethylene glycol. Sheets of whole
fat body were fixed in calcium-formol for 24 hours at room
temperature (Baker, 1948), postchromated for 18 hours at room
temperatuﬁe and 24 hourédat 60°C before stiining .Phospholipids
were studied by using Acié Hematin method of Baker as outlined
by Péarse(196e). Baker's pyridine extraction test was applied
for coﬁtrols(Pearse, 1960) « Cholesterol and cholesterol esters
were 'studied by adopting Schultz method for formalin fixed
material (10% at 49C) and cholesterol was distinguished from
1ts esters by extracting the esters with alcohol-ether mixture
following the procesdure outlined by Pearse (1960).

Alkaline andﬂacid phosphatases and lipase were
studied by Gomori's revised methods (Pearse, 1960). ILipase
was studied histochemically using Tween 80 as well as Tween 85

as substrates.

Nucleic acids (RNA& & DNA) were studied by the
Methylgreen-Pyronin method (Pearse, 1060). Treatment with
RNase and Trichdoracetic acid was used for control material.

The detaifs are outlined in chapter 8,
RESULTS

, The fat bedy was found to be of one or two cell layer
thickness and consisted of compact cells coloured bright
yellow. Tvo types of cells could be distinguished in the fat body,
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the fat bedy cells proper or trophocytes forming the main
bulk and oenocytes which are found interspersed among the

fat cells. The fat body cells are large with distinct
boundary and contained one or two nuclei. The division of

the nuclel were also observed. Some of the cells possessed
gaint nuclei. The nuclei of the fat body cells were intensely
‘chromatic and the cytoplasm was diffusely eosinophilic{fig.l)
The diameter of the normal nuckel varied from 17-30 u while
that of the gaint nuclei varied from 30 to 47 m. The oenocyte
cells were also large (fig.9) with rounded nuclei but their
‘chromatin materlel was less dense, The oenocyte nuélei varied

from 8 to 22 4 in dizmeter.

The fat body stained intensely with Sudem black B
(fig.2) and Fettrot 7B. The fat was found to be distributed
as small globules of uniform size throughout the cytoplesm.
The nuclel of some of the cells were stained with 8udan bleack,
The fat globules in the cells of the fat body of Periplanets
americena steined moderately with Suden and faintly with
Fettrot. Moreover, the fat globules were of varying sizes

and usually a bigger fat globule was surrounded by smaller cnes.

The aciqﬁematin test gave a positive reaction for
phospholipids. The nuclear membrane and the chromatin materialk
were stained in the nucleus. In the cytoplasm the fat glcbules
seemed to have a phospholipid envelope. The fal body cells were

rich in cholesterol and cholesterol esters, Cholesterol :.=



P1G. 1

Photomicrograph of the fat body of Polcelocera
pleta showing two cell thick fat body. Nuclei

Isfcge, densely chromatic and centrally situated.
Cytoplasm eosinophilic and granular.

(Hematoxylin-Eosine)

FIG. 2

_Photomicrograph of the fat body of Polcelocera
Dicta stiined for fat. (Sudan black B)
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FIG. 3

Photomicrogr%ph of the fat body of Polcelocera
picta stained for phospholipids. (Acid-hematin)

nuclc-us

FIG. 4

Photomicrograph of the fat body of Polcelocera
picta stained for cholesterol. (Schlutz)



FIG. 5

Photomicrograph of the fat body of Poicelocera
picta stained for cholesterol plus cholesterol
esters.

FIG. 6

Photomicrograph of the fat body of Poicelocera

picta treated for demonstrating lipase
(Tween 80)



FIG. 7

Photomicrograph of the fat. body of Poicelocera

plcta showing the distribution of alkaline
phosphatase activity. (Gomori)

FIG. 8

Photomicrograph of the fat body of Poicelocera

showing the distribution of acid phosphatase
activity. (Gomori)
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FIG. 9

Photomicrogr?ph of the fat body of Poicelocera
plcta stained for RNA. (Methylgreen-pyronin)

FI1G. 10.

Photomicrograph of the fat body of Perlplaneta
amerlcana stained for RNA. (Methylgreen-pyronin)
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was found mostly restricted to'the‘gyhaﬁnﬂnwhile cholesterol
esters to the qucleus :{fig. 4,5)

& high lipase activity was found in the fat body
calls and each fat globule seemed to possess the enzyme (fig.8)
a&irbed on its surface a2t one or more places. Lipase activity

wgs fouhd comparatively very little in the cockroach fat body.

The fat body was found to possess a very high
concentration of phosphatases. Alkaline phosphatase was
restricted mostly to the cytoplasm of the cells and gave
intense resction for the enzyme., The chromatin materisl of
the nuclel alsoc showed some activity (fig. 7) . The nuclei
were very rich in acid phogshhatase. The sites of the enzyme
activity were seen as coarse grsnules distributed along the
cgromatin mata?ial,of the‘ nuclei (Fig. 8):;Comparative1y very
little activit&:bf acld phosphatase was nof;ped in the cell

cytoplasm,

The cytoplasm of the fat body cells showed intense
ribonucleic acid basophiliia with methylgreenapyronin stain.
A detailed study of this has been reported in chapter 8,
However, &n confggﬂistinction te this finding, the fat body
colls pf the cockroach showed negative resction for HNA ’
5asophilia. The urete cells =®z3lx in the fat body of Peri-
planeta were rich in RNA while the cytoplasm of the oenocytes
of the fat body of Polcelocers was free from any RNA basophilis.
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DISCUSSION

The arrangement, distribution and compactness of the
fet body is a characteristic of the species and’sbows some
consistency within the insect order (Buys, 1923). The arrange-
ment of the fat body described fdr Poicelocera did not seem
to differ from that in other orthopteran insects. The lipid
droplets seem to be mainl¥ neutral fats as they are stained
with Fettrot 7B which is by and large specific for glyceride
fats. The fat globules of the fat body of the cockrozch
however, seem to differ in arrangement as well as its chemical
nature from that in the fat body of Poicelogera. In the cock-
roach many small fat globules were seen around a central big
one. Fettrot staining was poor. The 1lipid globules, however,

in the fat body of Polcelocera were of uniform size.

The phospholipid coat arcund the globules of neutral

. 1ipids is of interest. The demonstration of a high content

of cholesterol and cholesterol esters suggests an important

role in the synthesis of these substances to the fat body.

The high concentration of lipase activity seen
in the £4t body 1s consistent with the ilmportance of this
tissue in fat metabolism. Wigglesworth (1958) found esterase
caps for each individual fat globules in the fatobody of
Rhodniug prolixus and contended that exchange of fatty acids

might take place at these points. The present observations
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regarding lipase localization, alsc agrees with his

conclusions,

The faﬁ body of Pgiceigcg;a is rich in phosphatases.
Phosphatases in the fat body have been studlied during post-
embryonic development in Droscphila melanogaster and Phormia
regina by Yao (1950) and Stay (1959) respectively. Yao (1950)
found only nuclear activity,by the GomoriTechnique, of the -
alkaline phosphatase. He further found increese in cytoplasmie
activity of the dissociated fat body cells after pupation.
Stay (1959) could not find any alkaline phosphatase activity
in the fat body of Phormis by the azo-dye method.The acid phose
phatase activity was howe%er, present and lncreased at
puparium formation. In the fat body of Polcelocera the acid
phosphatase was mainly restricted té the nuclei and alkaline
phosphatase to cell cytoplasm.

Intense phosphatase activity has been correlated
with protein synthesis by the cell (Wolf, &t<&l, 1943;
Kivalo et al, 1958). The fat body of insects is 2lso known
to synthesize protein (Shigematsu, 19583 Chapter 8). Alkaline
phésphatase activity has been variously related to such funce-
tions as trenport of material (Moog, 1946), acﬁ%ities of
pinocytotic apparatus and secretion vacuoles (Barka, 1962)
and 1ipid metabolism (Eapen, 1959). It is also possible that
in the fat body of insects, a role for alkaline phosphatase
in relation to 1ipid metabolism is more probeble. |



