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Summary. The neural fat-body system of the ventral nerve cord in the cockroach 
Periplaneta americana was studied with the light and electron microscopes. This adipose 
tissue surrounds the connectives and extends over the ganglia. The adipose cells typically 
contain numerous extremely large lipid inclusions, pleomorphic lysosomes, and tightly packed 
glycogen granules. The neural lamella consists of a thick inner layer rich in collagen fibers 
and a thin outer layer of granular material. At points where the fat body is attenuated, 
this granular layer is split and the outer lamina is reflected superficially to ensheath and 
apparently to anchor the fat body. 
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I n t r o d u c t i o n  

Al though  the  neura l  lamel la  and  pe r ineur ium which su r round  the  insect  
nervous  sys tem have  been ex tens ive ly  s tud ied  (Scharrer ,  1939; Ashhurs t ,  1959, 
1961; Ashhur s t  and  Chapman,  1961; Smi th  and  Treherne,  1963; Maddre l l  and  
Treherne,  1967; Smith,  1967), the  exis tence of the  neura l  f a t - b o d y  shea th  was 
r epo r t ed  r e l a t ive ly  recen t ly  in the  s t ick insect  Carausius  morosus (Maddrel l  and  
Treherne,  1966; Treherne  and  Maddrel l ,  1967). 

As po in t ed  out  by  H u d d a r t  et al. (1973), the re  are two possible  m a j o r  func t ions  
of the  f a t - b o d y  sheath,  p ro tec t ion  and  nu t r i t ion .  I n  addi t ion ,  the  obse rva t ion  
t h a t  a shea th  of th is  t y p e  is commonly ,  a l though no t  exclusively,  found  in insects  
wi th  unusua l  ca t ionic  concent ra t ions  in  the  h e m o l y m p h  suggests  t h a t  th is  struc- 
tu re  funct ions  in the  ionic regu la t ion  of the  centra l  nervous  sys tem.  Based  on 
phys io logica l  s tudies  in C. morosus, th is  hypo thes i s  a l r e a dy  has  been advanced  
(Maddrel l  and  Treherne,  1966; Weid le r  and  Diecke,  1969, 1970a, 1970b;  H u d d a r t ,  
1972). Since C. morosus is a herb ivorous  insect  wi th  such unusua l  ca t ionic  
concent ra t ions  in  i ts  hemolymph ,  the  quest ion arises as to  wha t  funct ion  such 
a f a t - b o d y  shea th  m a y  have  in insects  wi th  conven t iona l  ionic concen t ra t ions  in 
the i r  hemolymph .  Before consider ing th i s  quest ion,  i t  is necessary  to  es tabl ish  
the  presence and  to  p rov ide  a t ho rough  ana tomica l  desc r ip t ion  of the  f a t - b o d y  
shea th  in a t  leas t  one r ep resen ta t ive  of th is  group.  
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The cockroach Periplaneta americana was selected because the  exis tence of 
a f a t - b o d y  shea th  in th is  species has  been d iscounted  by  several  inves t iga tors  
(Twarog and  Roeder ,  1956; Treherne,  1961; Maddrel l  and  Treherne,  1966). 
I n  a more  recent  s tudy,  i t  was demons t r a t ed  t h a t  in adu l t  male P. americana 
t he  neura l  fa t  b o d y  occupies a p p r o x i m a t e l y  22% of the  t o t a l  nerve cord volume 
(Weidler  et al., 1971). The present  work deals  wi th  the  u l t r a s t ruc tu re  of the  fa t  
body  adher ing  to  the  ven t ra l  nerve cord of P. americana. Several  features  of the  
neura l  l amel la  and  per ineur ium also are described.  The f a t -body  sys tem of the  
b ra in  and  per iphera l  nerves  is not  considered,  and  no compar ison  is made  with 
f a t - b o d y  t i ssue  in general .  

Materials  and Methods 
:For fixation each insect was injected with Karnovsky's solution. The ventral nerve 

cord plus surrounding sheath were exposed, flooded in situ with fixative, carefully extirpated, 
and placed in a container of the same solution. After fixation at room temperature for 
11/2 to 2 hours, the tissue was washed overnight in cold buffer, post-fixed in 1% osmium 
tctroxide, dehydrated in ethanol, and embedded in Araldite. Several paraffin embedded 
specimens were sectioned serially for light microscopic study. 

Thick sections of plastic embedded tissue, stained with toluidine blue, served for orien- 
tation. Thin sections were stained with uranyl acetate and lead citrate and viewed with an 
RCA EMU 3G electron microscope. 

Results 

Serial  sect ions of the  gangl ion chain of Periplaneta f i rmly  es tabl ish  t h a t  
fa t  body  is p resen t  a round  connect ives  (Figs. 1, 5) and  appears  to  ex tend  over  
ganglia.  However ,  the  amoun t  of th is  fa t  t issue var ies  according to  age, sex, and  
nu t r i t i ona l  s ta te  of the  specimen.  I n  the  female the  shea th  is cons iderab ly  th icker  
t h a n  in the  male,  and  in bo th  sexes i t  becomes deple ted  due to  inadequa te  d ie t  
or  old  age. 

Unl ike  t h a t  of Carausius, the  f a t - b o d y  sheath  of Periplaneta is closely app l ied  
to  the  neura l  lamel la  and  its p a t t e r n  of d i s t r i bu t ion  is much more irregular .  I t  
seems to fill  recesses be tween and a round  connectives,  bu t  is a t t e n u a t e d  in 
gangl ionic  areas.  Because of these i r regular i t ies  and  its f ragi l i ty ,  demons t r a t ion  
of con t inu i ty  of the  shea th  over  the  length  of the  chain is difficult .  

The  u l t r a s t ruc tu re  of the  per ineur ium and  neura l  lamel la  has been s tudied  by  
prev ious  inves t iga tors ,  e.g., Maddrc l l  and  Treherne  (1967), Lane  and Trehcrne  
(1972), Smi th  and  Trehernc  (1963). Our micrographs  show the  more superf ic ia l  
cells of the  pe r ineur ium to be packed  with  microtubules .  At  poin ts  of t igh t  
j unc t ion  the  lumina  of these  micro tubules  appea r  to  be cont inuous  with  channels  
of the  neura l  l amel la  (Fig. 2). Higher  magnif ica t ions  of the  neural  lamel la  show 
it  to  consis t  of a r e l a t ive ly  th ick  inner  layer  and  a much th inner  outer  layer  
(Fig. 3). The  inner  layer  is formed by  complex lamel lae  r ich in mul t id i rec t iona l  
col lagen fibers a l igned para l le l  to the  surface of the  cord and embedded  in a gran- 
u lar  ma te r i a l  or  g round  substance.  The outer  layer  consists en t i re ly  of the  same 
g ranu la r  substance.  I n t r a l ame l l a r  spaces are  of ten located beneath  the  granular  
l ayer  (Figs. 3, 5). I n  areas  where there  is a t t enua t i on  of the  fa t  body,  th is  same 
g ranu la r  l ayer  spl i ts  to  comple te ly  enshea th  the  cellular  e lements  of the  fa t  
b o d y  (Fig. 3). I n  regions where the  fa t  body  is more massive,  branches  of the  
l ayer  form sep ta  between groups of fa t  cells. 
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Fig. 1. Paired abdominal connectives (C) surrounded by fat body (FB). • 75 

Fig. 2. Longitudinal profiles of microtubules (Mr) in perineurial cell suggesting continuity 
between their lumina and intralamellar spaces of neural lamella (NL) in areas of tight junction 

(arrows). • 44000 

Fig. 3. Granular layer (GL) of neural lamella, split to ensheath fat-body cell (FB). Mito- 
chondria (M). In adjacent fibrous layer (FL), note same granular material interspersed 

between layers of multidirectional collagen fibers. Intralamellar spaces (S). • 22000 

I n  the  adu l t  cockroach,  the  f a t - b o d y  shea th  consists a lmos t  en t i r e ly  of one t y p e  
of cell. I t s  i r regular  shape is exp la ined  b y  its a d j u s t m e n t  to  the  ava i lab le  spaces.  
The ovoid  nuclei  are  m o d e r a t e l y  e lec t ron dense wi th  sca t t e red  c lumps of ch romat in  
and an e x t r e m e l y  dense, f r agmented  nucleolus (Fig. 4). The l ip id  inclusions are 
h igh ly  var iab le  in  size; the  d i s t r i bu t ion  of glycogen var ies  among animals  and  
regions of the  same an imal  (Figs. 4, 5). 

Mi tochondr ia  are  circular  to  e longate  in  profi le  (Fig. 3). E x t r e m e l y  dense 
g ranu la r  mat r ices  are i n t e r r u p t e d  b y  na r row cr is tae.  Clumps of g ranu la r  endo- 



Fig. 4. Juxtanuclear region of fat-body cell with abundant glycogen granules (G) and large 
lipid bodies (Li). Extremely electron dense structures include small mitochondria (M), a 

lysosome (L), and larger "dense bodies" (DB), perhaps lipid in character, x 4200 

Fig. 5. Fat-body cells between abdominal connectives (C) with large lipid inclusions (Li). 
Note numerous spaces (S) in adjacent layers of neural lamellae (NL). X 11300 

plasmic  re t i cu lum are sca t te red  th roughou t  mos t  cells and  occasional ly  form 
circlets or para l le l  pai rs  of cis ternae (Fig. 4). Spher ica l  bodies  (Fig. 4) resemble  
lysosomes or  l ipofuscin p igment  granules.  Bo th  types  are more  numerous  in those  
ceils in which l ip id  inclusions appear  to  be replaced  b y  vacuoles conta in ing 
glycogen roset tes .  Mul t ives ieular  bodies and membrane -bounded  spher ical  aggre- 
ga t ions  of granules  are also f requen t ly  observed in these  cells. 

Discussion 

The purpose  of the  presen t  s t u d y  was to  descr ibe  the  ex ten t  and  the  ul t ra-  
s t ruc tu re  of the  neura l  f a t -body  sys tem in an insect  species which has convent iona l  
ionic concent ra t ions  in i ts  h e m o l y m p h  and  to de te rmine  if i ts  locat ion and com- 
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position are such that  it could participate in the regulation of ions in the nervous 
system. 

The present study verifies the finding of Weidler et al. (1971), tha t  in adult 
male P. americana the cytologically complex neural fat  body occupies at  least 
one-fifth of the total  nerve cord volume. In  female P. americana, the neural 
fat  body occupies approximately twice as much of the total  nerve cord volume 
as in males. These quanti tat ive relationships are also affected by the age and 
diet of the animal. 

Since the granular layer of the neural lamella is reflected to enclose adjacent 
elements of the fat  body, it forms an apparent ly uninterrupted barrier around 
both nerve cord and adherent adipose cells and thus could play an effective role in 
regulating the movement  of ions between the hemolymph and the nervous system. 
Because of this relationship, we refer to the neural lamella and enclosed fat  body 
as the neural fat-body system. 

Evidence tha t  the fat  body is the site of conversion of certain substances to 
energy sources has been reviewed by  Kilby (1963). I t  seems obvious tha t  these 
energy sources are then utilized in the metabolism of glial cells and neurons. 
However, the same sources could provide energy for an active t ransport  mecha- 
nism located in the neural fat-body system. The difference between the ionic 
composition of extra-axonal fluid and tha t  of the medium bathing the ventral  
nerve cord of Periplaneta (Treherne and Moreton, 1970; Treherne and Piehon, 
1972; Treherne et al., 1973; Wendt  and Weidler, 1973) probably could not  be 
produced without the aid of an active t ransport  system. 

In  developing the concept of regulation of ions in the nervous system of 
insects, two components are necessary. First, there must  be an active t ransport  
system, which requires an energy source, and secondly, there must  be a diffusion 
barrier, which may  or may  not be located in a site other than tha t  of the active 
t ransport  system (Weidler and Diecke, 1969). The diffusion barrier probably 
resides in the perineurium (Lane and Treherne, 1972; Treherne et al., 1973). The 
active t ransport  mechanism could be located in the neural fat-body system, the 
perineurium, or the glial elements surrounding the axons of the nerve cord. 

If  the site of active t ransport  in the nervous system of P.  americana is 
located in the granular layer of the neural fat  body, as suggested for other 
species by  Weidler and Diecke (1970a), and Weidler et al. (1974), then it also may  
be postulated that  in Periplaneta the entire fat-body system (i.e., fat  body and 
neural lamella) may  be involved since the granular layer covering the fat-body 
cells is continuous with tha t  of the neural lamella. The granular layer of the 
neural lamella is present, and may  provide active transport,  in areas where there 
are no fat-body cells. This observation counters the contention that ,  because the 
fat  body is absent over peripheral nerves, it cannot be the site of ionic regulation. 
Theoretically, complete cells are not needed to sustain active transport,  since such 
transport  obviously occurs across the membranes of individual cells. Therefore, 
an acellular mechanism of active transport,  as suggested here for the granular 
layer, is not unreasonable. 

The observation in the present study of intralamellar spaces beneath the 
granular layer (Figs. 3, 5) tends to support  the hypothesis that  this layer is the 
site of active t ransport  of molecules. I f  sodium ions are actively transported 
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across the granular  layer, then  water  m a y  follow by passive diffusion and produce 
the  in t ra lamel lar  spaces. Sodium ions would then  diffuse across the per ineur ium 
into  the  extracel lular  fluid surrounding neurons and glial cells. 

I n  summary ,  the  present  work demonst ra tes  t ha t  in Periplaneta, the  outer  
granular  layer t h a t  envelops the neural  fa t  body is cont inuous with the granular  

layer  of the  neural  lamella  in areas where fa t -body cells are absent  and tha t  
toge ther  t h e y  form an un in te r rup ted  barr ier  around the vent ra l  nerve cord. 

Ear l ie r  observat ions  (Weidler et al., 1971), t ha t  the neural  fat  body of Periplaneta 
occupies one-fif th or more of the to ta l  nerve  cord volume, are confirmed. The  

locat ion and u l t ras t ruc tura l  composi t ion of the  neural  fa t -body system in P. ameri- 
cana are consis tent  with the  theory  tha t  i t  could be the site of an act ive trans- 

por t  component  of a more complex system t h a t  controls the movemen t  of ions. 
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