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of t h e  pe l le t  (Figure 1). The  ave rage  d i a m e t e r  of t h e  
vesicles is b e t w e e n  750 and  800 A. A h ighe r  magn i f i ca t i on  
of t h e  vesicles is shown  in F igure  ~ I t  d e m o n s t r a t e s  t h e i r  
single u n i t  m e m b r a n e s  a b o u t  70 A in w i d t h  (ar rowheads)  
and  t he  f ine g r a n u l a r  m a t r i x  in  m o s t  of t h e  vesicles. 

The  pu re  u p p e r  layer  merges  in to  a less pu re  zone 
a m o u n t i n g  to  a b o u t  70% of t he  pe l le t  dep th .  I t  con t a in s  
large n u m b e r s  of vesicles mixed  w i t h  a few smal l  m i to -  
c h o n d r i a  a n d  o the r  m e m b r a n e  profiles. Only  in  t he  b o t t o m  
zone a m o u n t i n g  to 5 - 1 0 %  of t he  pe l le t  are t he  vesicles 
r e l a t ive ly  sparse ly  d i s t r i b u t e d  c o m p a r e d  w i t h  t he  con-  
t a m i n a n t s .  Of t he  vesicles p r e s e n t  here,  m a n y  h a v e  a 
larger  r ange  in d iamete r ,  1000-2000 ~-. The  b o t t o m  zone 
usua l ly  appea r s  compressed  a n d  is composed  of a m o r p h o u s  
m a t e r i a l  s ca t t e r ed  be tween  m i t o c h o n d r i a ,  of wh ich  m a n y  
are  e m p t y  or b roken .  Also n m n e r o u s  large e m p t y  m e m -  
b r a n e  profi les  are p r e sen t  a n d  a few Golgi  m e m b r a n e s  
m a y  be  ident i f ied .  

Var ious  sized dense  osmiophi l ic  granules  can  be seen 
w i t h i n  some of t h e  vesicle ma t r i ces  a n d  in areas  be t w een  
t he  vesicles. The  m o s t  p r o m i n e n t  d a r k  granules  are a b o u t  
2002k in d i a m e t e r  (Figure  1, f ine arrows).  Smal le r  granules  
of 30-60 ~ d i a m e t e r  are also c o m m o n  in m a n y  vesicles. 
The  200 ~_ granules  of ten  c lus te r  t o g e t h e r  a n d  give t h e  
a p p e a r a n c e  of a single large b l a c k  granu le  or 'core '  

(Figures  1 a n d  2, t h i c k  arrows).  I d e n t i c a l  d a r k  granules  
occur  free, b o t h  s ingly  a n d  in va r ious  sized clusters .  I n  
general ,  t h e  c lus ters  are d i s t r i b u t e d  accord ing  to size, 
t h e  la rger  occur  nea re r  to  t h e  b o t t o m  of t h e  pellet .  The  
free granules  are be l ieved  to  o r ig ina te  f rom r u p t u r e d  
vesicles. I t  is n o t  u n c o m m o n  to f ind  d i scon t inu i t i e s  in  
vesicle m e m b r a n e s  an d  t h e i r  g r a n u l a r  c o n t e n t  emerging.  
W e  i n t e r p r e t  t h e  d a r k  granules  to  r ep re sen t  po lymer ized  
a n d / o r  c o n t r a c t e d  vesicle m a t r i x  mate r ia l ,  wh ich  p rob-  
ab ly  resul t s  f rom loss of m e m b r a n e  i n t e g r i t y  l ead ing  to  
d eg en e ra t i v e  changes  in t h e  vesicle an d  to  t h e  s t rong  
osmiophi l ic  reac t ion .  The  e lec t ron  d en s i t y  of t h e  granules  
is no t  d e p e n d e n t  on  u r a n y l  ace t a t e  or lead c i t r a t e  s ta in ing ,  
as i t  is obv ious  also in u n s t a i n e d  mate r ia l .  

On t h e  basis  of e lec t ron  microscopic  e x a m i n a t i o n ,  we 
feel t h a t  t h e  or ig ina l  e s t ima te  of a b o u t  20% p u r i t y  based  
on  b iochemica l  d a t a  is p r o b a b l y  too  low an d  c o n s e r v a t i v e l y  
could be  doubled .  A more  c o m p r e h e n s i v e  s t u d y  of vesicle 
a p p e a r a n c e  a f t e r  va r ious  t r e a t m e n t s  is in  progress.  

Rdsumd. Les v6sicules de la N A  du nerf  sp l6nique  de 
Bceuf o n t  6t6 o b t e n u e s  p a r  g r a d i e n t  de c e n t r i f u g a t i o n  
(<(sucrose-heavy water~>). Le r a p p o r t  N A / p ro t 6 i n e  observ6  
est  de 4 s 7 lois plus  61ev6 que  celui qui  a 6t6 m e n t i o n n 6  
p r6c6demment .  L ' e x a m e n  pr61iminaire  de ce t t e  f rac t ion,  
p a r  microscopie  61ectronique, r6v61e une  couche  impor -  
t a n t e  et  p r a t i q u e m e n t  pu re  de v6sicules s la surface  du 
s6d iment .  
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Fig. 2. Same as in Figure 1. Arrowheads indicate 70 )~ unit mem- 
branes of the NA storage vesicles. Thick arrows indicate clusters of 
200 ~- granules giving appearance of a dense 'core'. • 100,000. 
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H e t e r o g e n e i t y  in the  Fibre  C o m p o s i t i o n  in the  
Belostoma s p .  1 

The  s t r u c t u r a l  and  func t iona l  s ignif icance of he te ro-  
gene i ty  in  t he  f ibre  compos i t i on  of v e r t e b r a t e  muscles  is 
well  k n o w n  2 H e t e r o g e n e i t y  in  f ibre  compos i t i on  in insects  
was f i rs t  obse rved  b y  ]BEAT 3 ill t h e  f l igh t  muscles  of t h e  
d ragonf ly  Pantala /lavescens. R e c e n t l y  KALLAPUR 4 has  
also r epo r t ed  t he  prescence  of some specil ized large f ibres 

Fl ight  M u s c l e s  of  Periplaneta americana and 

in  t h e  leg muscles  of 2 species of cockroaches ,  Blatella 
germanica a n d  Periplaneta australasiae. He f u r t h e r  
r epo r t ed  t h a t  n e i t h e r  t h e  leg n o r  t h e  f l igh t  musc les  of 
Periplaneta americana, Cybister con/usus, Ranatra elongata, 
A tractomorpha crenulata a n d  Cyrtacanthacris ranacea 
showed such  specil ized fibres. Th i s  c o m m u n i c a t i o n  
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Fig. 1-3. Cross section of flight muscles of 
Periplaneta americana, stained with Sudan 
black B. 1. Normal fibres. • 100. 2 and 3. 
Large fibres surrounded by normal fibres. 
• 450 and • 1000. 

Fig. 4-6. Cross section of mesothoracic dorsal 
longitudinal flight muscle of Belostoma sp. 
stained with Sudan black B. 

Fig. 4. Normal fibres, x 100. 

Fig. 5. A large fibre surrounded by normal 
fibres. • 450. 

Fig. 6. A part of normaI and large fibres 
showing the comparative size of their fibrils. 
• 1000. 

p re sen t s  obse rva t i ons  on  t he  s t r u c t u r e  of f l igh t  muscle  
f ibres  of Peripla~eta americana (D ic tyop te ra :  B la t t i dae )  
and  Belostoma sp. ( H e m i p t e r a : B e l o s t o m i d a e ) ,  showing  
h e t e r o g e n e i t y  in  t he i r  f ibre  composi t ion .  

The  insec ts  used in  t he  p r e sen t  s t u d y  were col lected 
a l ive  f rom the  field. The  t h o r a x  was f i rs t  s epa ra t ed  f rom 
t h e  h e a d  and  t he  abdomen ,  a n d  b i sec ted  u n d e r  cold 
(4 ~ insec t  saline.  I t  was  t h e n  f ixed  in cold (4 ~ B a k e r ' s  
fo rmal -ca lc ium for 1 h, e m b e d d e d  in ge la t in  a n d  sect ioned 
on  a freezing mic ro tome .  The  sections,  wh ich  were 15 to  
20 ~ t h i c k  were s t a ined  w i t h  S u d a n  b l a c k  B for f u r t h e r  
microscopica l  s tudies .  

I n  Periplaneta americana t h e  genera l  o rgan iza t i on  of 
t h e  f ibres  ill t h e  f l ight  muscles  was  obse rved  to  be  t h e  
s ame  as descr ibed  b y  TIEGS 5 (Figure 1). I n  a cross 
sect ion,  t he  d i a m e t e r  of mos t  of t he  f ibres  r anged  f rom 
20 to 30 ~. The re  were, however ,  some muscle  f ibres  
wh ich  were s ign i f i can t ly  larger  t h a n  t he  res t  (Figures 2 
a n d  3). These  r a n g e d  f rom 40 to  85 ~z in d iamete r ,  w i t h  
a c i rcular  or avo id  out l ine ,  and  were usua l ly  found  t o w a r d s  
t h e  p e r i p h e r y  of t h e  musc le  bundle ,  e i t he r  s ingly  or in  
g roups  of 2 to  4. These  large f ibres  h a d  a few smal l  
S u d a n  b l ack  B pos i t ive  bodies  s ca t t e r ed  in  b e t w e e n  t h e  
fibrils.  The  cen t r a l  core of sa rcop lasm in these  la rger  
f ibres  was  r educed  or a b s e n t  (Figure  3). Such  large f ibres  
were obse rved  in m a n y  of t h e  t ho rac i c  f l igh t  muscles.  

The  genera l  o rgan i za t i on  of f ibres  a n d  fibri ls  in  t h e  
f l igh t  muscles  of Belostoma sp. was  obse rved  to  be  s imi la r  
to  t h a t  of o the r  H e m i p t e r a  descr ibed b y  TINGS s (Figure 4). 
I n  a cross sec t ion  these  f ibres  m e a s u r e d  f rom 40 to  70 tx 
in  d i a m e t e r  a n d  t h e i r  f ibri ls  were less t h a n  1 ~ th ick .  
Some of t he  f ibres  ill t h e  meso thorac i c  dorsa l  longi-  

t u d i n a l  f l ight  muscle  were m u c h  la rger  t h a n  t h e  res t  
(Figures  5 a n d  6). These  were  genera l ly  found  t o w a r d s  
the  pe r iphe ry  of t h e  muscle  bundle ,  a n d  appea red  c i rcu la r  
or avo id  in a cross sect ion.  T h e y  m e a s u r e d  f rom 100 to 
155 lz in  d i a m e t e r  w i t h  t he i r  f ibri ls  a l m o s t  3 ~x t h i c k  
(Figure 6). These  large f ibres  h a d  c o m p a r a t i v e l y  larger  
an d  d a r k e r  m i t o c h o n d r i a  p a c k e d  in b e t w e e n  t h e  fibrils.  

T h e  la rger  f ibres  obse rved  in t i le  f l igh t  muscles  of t h e  
d ragonf ly  .Pantala/lavescens ~ s t a ined  m u c h  l igh te r  w i th  
S u d a n  b l a c k  t3 t h a n  t h e  o the r  fibres, i n d i c a t i n g  lesser 
f a t  c o n t e n t  in  t h e m ,  whereas ,  t h e  larger  special ized f ibres  
obse rved  in t h e  leg muscles  of two species of cockroaches  4, 
Blatella germanica an d  Periplaneta australasiae were more  
sudanoph i l i c  t h a n  t h e  o the r  fibres, showing  h igher  l ip id  
c o n t e n t  in  t h e m .  I n  t h e  p r e s e n t  s tudy ,  on  t h e  f l igh t  
muscles  of Periplaneta americana an d  Belostoma sp. t h e  
larger  f ibres  d id  n o t  show a n y  dif ference in t h e  i n t e n s i t y  
of s t a in ing  w i t h  S u d a n  b l a c k  B in compar i son  w i t h  o the r  
fibres, i n d i c a t i n g  no  s t r i k ing  dif ference ill t he i r  f a t  con- 
t en t .  I t  is i n t e r e s t i ng  to  no te  t h a t  these  larger  musc le  
f ibres  obse rved  in  d i f f e ren t  insec ts  differ  m a r k e d l y  in 

1 The work was carried out during the year 1965/66 when the 
author was the recipient of a U.G.C. scholarship under Dr. 
J. C. GEORGE. 

~" J. C. GEORaE and A. J. BEROER, Avian Myology (Academic Press, 
New York 1966). 
U. K. ~.  BHA% Curr. Set. 37, 207 (1968). 

4 V. L. KALLAPUR, Curr. Set. 38, 245 (1969). 
O. W. TIEOS, Phil. Trans. R. Soc. 238B, 221 (1955). 



15. 9. 1970 Specialia 997 

the i r  l ipid content .  BHAT6 recent ly  repor ted  t h a t  in the  
f l ight  muscles of the  dragonfly  Brachythemis contaminata 
fa t  was confined mos t ly  in the  fibres present  towards  the  
centre  of the  muscle bundle,  whereas  glycogen was found 
to be concent ra ted  in the  per ipheral  fibres of the  same 
muscle bundle.  The funct ional  significance of this var ia-  
t ion in the  size and the  con ten t  of metabol i tes  in the  
muscle fibres of these insects is not  ye t  clearly understood.  
I n  fact, ve ry  l i t t le  in format ion  is avai lable  on the  me tab-  
olism in these different  types  of muscle fibres. Fu r the r  
exper imenta l  studies would be necessary before drawing  
any  defini te  conclusions in this regard. 

Zusammen/assung. In  F lugmuske ln  von Belostoma sp. 
und von l~eriplaneta americana k o m m e n  neben den nor- 

malen  Fasern  auch abnorm grosse Fasern  vor. Diese 
Riesenfasern zeigen gegenfiber Sudanschwarz  B das gleiche 
f/irberische Verhal ten  wie die Normalfasern.  

U, K.  M. BHAT7 

Department o~ Zoology, M.S.  University, 
Baroda (India), 3 March 7970. 
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The Effect of Experimental  Removal  of the Tensor Tympani  Muscle on the Ipsi- and Contralateral 
Mesencephalic Nuclei  of the Trigeminal  Nerve in the Albino Rat 

Silver impregna t ion  reveals pseudounipolar  (T-shaped 
process) cells along the  nerve  serving the  tensor  t y m p a n i  
muscle in Epimys norvegicus vat. albina (Erxl.) and Eri- 
naceus europaeus (L.)1. The observa t ion  of annular  and 
spiral free nerve  endings on the  per imeter  of some muscle 
fibres in these two species, and the  absence of typ ica l  
neuromuscular  spindles1, 2, have  suggested t h a t  these 
cells are propr iocept ive  in function.  

The  site of these sensory neurons is a typical ,  and i t  
maY be tha t  t hey  are Gasserian ganglion cells t ha t  have  
migra ted  dur ing deve lopment  I. Ye t  the  wel l -known 
propr iocept ive  na ture  of the  mesencephal ic  nucleus of 
the  t r igeminus  makes  i t  equal ly  l ikely t h a t  this m a y  be 
the  site f rom which, such migra t ion  began;  cell migra t ion  
f rom this nucleus bo th  wi th in  and outs ide the  brain s tem 
has been repor ted  by  ALLEN ~, 3r165 ~, and others. 

On the  o ther  hand, the  fact  t h a t  tensor  t y m p a n i  nerve  
cell numbers  m a y  v a r y  in different  individuals  of the  
same species suggests t ha t  nerve  cells hav ing  the  same 
peripheral  d is t r ibut ion te r r i to ry  are able to ma in ta in  
their  original  centra l  position. This  would agree wi th  the  
da ta  concerning ipsi lateral  t r igeminus  mesencephal ic  
nucleus cell chromatolys is  observed by WILL,MS 5 follow- 
ing tensor  t y m p a n i  nerve  section in the  rabbit .  

The a im of the  present  research was to discover  whether  
remova l  of the  ra t  tensor  t y m p a n i  muscle was followed 
by secondary effects on the  mesencephal ic  nucleus of the  
t r igeminus.  I t  was considered tha t  the  observat ion  of 
such effects would indicate  t h a t  this muscle possesses 
sensory innervat ion,  and t h a t  its in ternal  neuromuscular  
devices can be classed as propriocept ive.  

30 adul t  albino Sprague-Dawley  rats  (Epimys norv., 
var. albina Erxl.)  wi th  disease-free ears were employed.  
Fol lowing narcosis wi th  ether,  the  left  tensor  t y m p a n i  
was resected. Access to the  middle  ear was obta ined  v ia  
an opening in the  lower wall  of the  'bul ls  t y m p a n i ' ;  the  
muscles in the  opera t ive  area were left  intact .  The pons 
and mesencephalon  were r emoved  on the  14th to 17th day  
and fixed in Bouin ' s  fluid or  mercuric  chloride. After  
embedding  in paraffin,  serial sections were t aken  and 
stained wi th  an 0.5% aqueous  solut ion of toluidine blue. 
The  ports and mesencephalon  of normal  control  animals  
were fixed in 12% neut ra l  formal in  and t rea ted  wi th  
Bielschowsky-13oeke's nervous  t issue silver impregna t ion  
method.  This  showed t h a t  the  mesencephal ic  nucleus 
was in fact  formed of pseudounipolar  cells (Figure 1). 

3-5 cells in cer ta in  to ta l  chromatolysis  (Figure 2, a) 
were observed in ipsi lateral  mesencephal ic  nucleus sections 
f rom 20% of the  series, usual ly  in the  caudal  half  of the  
cell column. These cells had  a size range of 46 • 28 to  
28 • 20 ~z. The same subjects  also presented chromato ly t i c  
cells in the  cont ra la tera l  nucleus (Figure 2, b), t hough  
here cell numbers  were cons tan t ly  less (2 per  animal).  
Site and size data,  however,  were unchanged.  

These results indicate  t h a t  sensory innerva t ion  of the  
ra t  tensor  t y m p a n i  muscle m a y  be dependent  on neurons 
s i tuated in the  mesencephal ic  nucleus of the ~rigeminal 
nerve. The low percent  of nuclear  react ions observed in 
our series m a y  be a t t r ibu tab le  to the  fact  t h a t  tensor  

Fig. 1. E p i m y s  norv. vat. albina (Erxl.). Control animal. Mesenee- 
phalic nucleus o f  the trigeminal nerve: oval cell body with regular 
b;)rder due to absence of dendrites; note that only one process is 
extended (pseudounipolarity). Silver impregnation according to 
Bielschowsky-Boeke. • 600. 
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