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t he re  was a c lear  difference.  As to  t he  r e t i cu l a r  s t i m u -  
la t ion,  we found  t he  b i l a t e r a l  SD more  ef fec t ive  t h a n  t he  
u n i l a t e r a l  one, no d i f ference  be ing  found  b e t w e e n  ipsi- or 
c o n t r a l a t e r a l  SD ( typ ica l  records  see Figure) .  

Discussion.  T h e  resu l t s  of t e g m e n t a l  s t i m u l a t i o n  are  in  
a c c o r d a n c e  w i t h  e x p e r i m e n t s  on  t he  in f luence  of SD on  
o t h e r  i nd ica to r s  of r e t i cu la r  e x c i t a b i l i t y  (RODIGER, in 
press).  The  ce rebra l  co r t ex  has ,  the re fore ,  a p r o n o u n c e d  
inf luence  on  r e t i cu la r  func t ions .  In  our  case, an  elimi- 
n a t i o n  of ton ic  f ac i l i t a to ry  m e c h a n i s m s  can  p l ay  a role. 
Th i s  f i ts  well w i t h  ou r  r e su l t s  a b o u t  changes  of a rousa l  
e f fec t iveness  of l a te ra l ized  p e r i p h e r a l  s t imu l i  d u r i n g  uni-  
l a t e ra l  cor t ica l  SD (WEiss  a n d  BUREg4). F u r t h e r m o r e ,  i t  
is i m p r o b a b l e  t h a t  SD ac ts  d i r ec t ly  a t  o t h e r  levels t h a n  
t h e  t e g m e n t u m ,  as was  p r o v e d  especial ly  for t he  h ippo-  
c a m p u s  b y  VIrEISS a n d  FIFKOV~.2 As to  t h e  low t h r e s h o l d  
r i s ing effect  in  t h e  Hy ,  one  m i g h t  a c c o u n t  for t h e  ex i s tence  
of two sy s t ems  ( synchron iz ing ,  de synch ron iz ing )  in- 

f luencing  t he  h i p p o c a m p o g r a m  a n t a g o n i s t i c a l l y  (YAsu- 
KOCHI 5). 

Zusammen /assung .  Vor f ibe rgehende  ein-  oder  be id-  
sei t ige funk t ione l l e  D e k o r t i k a t i o n  mi t t e l s  (~spreading 
depress ion~ e r g i b t  bei  e l ek t r i sche r  R e i z u n g  des  T e g m e n -  
t u m s  oder  H y p o t h a l a m u s  e inen  Schwe l l enans t i eg  des  
Weckef fek tes .  Die R e a k t i o n s u n t e r s c h i e d e  de r  H i rn t e i l e  
werden  t iber  die t h e t a - A k t i v i t ~ i t  im H i p p o k a m p u s  b~ur-  
te i l t .  
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Lipids  in the  S i l k - G l a n d s  of Bombyx mori and 
the ir  P r o b a b l e  Role  in S e c r e t o r y  M e t a b o l i s m  

Lipids  in  t h e  form of spher ica l  or  subsphe r i ca l  bodies  are  
u b i q u i t o u s  in  t he  va r ious  p ro t e in - sec re t ing  cells. T he  
cy to logis t s  h a v e  usua l ly  descr ibed  such  l ipid p a r t i c u l a t e s  
u n d e r  va r ious  names ,  such  as ' osmiophi l i c  bod ies  'L2' 
'Golgi  bodies '  ,,2, ' n e u t r a l  red bodies '  3. Very  l i t t le  is u n d e r -  
s tood  a b o u t  t h e i r  role in  t h e  e c o n o m y  of t he  p ro t e in -  
sec re t ing  cells. These  bodies  are  usua l ly  cons idered  as t he  
si tes of c o n d e n s a t i o n  of va r ious  sec re to ry  p r o d u c t s  a r i s ing  
in the  c y t o p l a s m  1-3. Th i s  suggest ion,  p ioneered  b y  t he  
e l egan t  work  of HIRSCH 4 on  t he  v e r t e b r a t e  pancreas ,  ha s  
been  con f i rmed  a n d  e x t e n d e d  in a v a r i e t y  of cells sec re t ing  
g lobu la r  p ro t e in s  (ma in ly  enzymes)  or  even  o t h e r  sub-  
s t ances  like fats,  h o r m o n e s  etc. L In  t h i s  l abo r a t o r y ,  
KANWAR s ha s  ful ly conf i rmed  a n d  e x t e n d e d  HIRSCH'S 
resea rch  in a v a r i e t y  of exocr ine  ceils of a n u m b e r  of ve r t e -  
b ra tes .  However ,  as fa r  as we are  aware ,  no  such  d a t a  are  
a v a i l a b l e  on t h e  cells sec re t ing  f ibrous  p ro te ins .  

L e p i d o p t e r a n  silk glands ,  w i t h  a u n i q u e  s ingleness  of 
purpose ,  p rov ide  an  exce l len t  m a t e r i a l  for s tud ies  on 
p ro t e in  secre t ion.  These  g lands  are usua l ly  divis ible  in to  
t h r ee  regions,  d i f fer ing widely  in t he  m a n i f e s t a t i o n s  of the  
sec re to ry  a c t i v i t y ;  t he  wal l  of t he  g l ands  is s ingle-celled in 
t h i cknes s  w i th  a l u m e n  for s to r ing  secre t ion.  Moreover ,  
t he  syn thes i s  of silk p ro t e in s  b y  t he  cells is a c o n t i n u o u s  
process,  s t a r t i n g  ve ry  s lowly in ea r ly  ins tars ,  r e ach ing  its 
p e a k  in t he  5th  i n s t a r  a n d  t e r m i n a t i n g  in the  cocoon- 
fo rming  la rvae ,  unl ike  t h e  o t h e r  p ro t e in - sec re t ing  g lands  
m e n t i o n e d  a b o v e  where  t h e  secre t ion  occurs  in cycles over-  
l app ing  each  o ther .  T h u s  t he  a c c u m u l a t i o n  a n d  sub-  
s e q u e n t  c o n s u m p t i o n  of a n y  s u b s t a n c e  in the  cells of t he  
silk g lands  d u r i n g  a c t i v i t y  can  r e a s o n a b l y  be assoc ia ted  
w i t h  the  sec re to ry  me tabo l i s m .  

W h e n  t he  ge la t in  sec t ions  of t he  si lk g lands  in B.  mori  
are  f ixed in f o r m a l d e h y d e  ca lc ium,  p o s t c h r o m e d  a n d  
coloured  s u b s e q u e n t l y  w i t h  e t h a n o l i c  S u d a n  b l ack  B 6, t he  
s u d a n o p h i l  l ipids usua l ly  a p p e a r  in t he  form of a few 
granules  d ispersed  in t he  c y t o p l a s m  a n d  some i r r egu la r  
bodies  agg rega t ed  u n d e r  t he  ou t e r  cell m e m b r a n e  
(Figure  1). A l m o s t  all  t hese  s u d a n o p h i l  l ipid bod ies  r e a c t  
like phospho l ip ids  in acid h a e m a t e i n  t e s t  7. T he  va r ious  
u n m a s k i n g  p rocedures  a f t e r  BERENBAUM 8, CLAYTON 9, 
GUPTA 1°, des igned  to  r evea l  b o u n d  lipids, d id  n o t  yield 
resu l t s  of a n y  g r ea t e r  i m p o r t a n c e ,  

However ,  t he  t echn iques  of SERRA 11 p roduced  resu l t s  
w o r t h y  of a t t e n t i o n .  The  sec t ions  of the  silk g lands  t h u s  
processed  revea led  n u m e r o u s  h o m o g e n e o u s  s u d a n o p h i l  
spheres  v a r y i n g  in t h e i r  size a n d  h a v i n g  c h a r a c t e r i s t i c  
d i s t r i b u t i o n  in each  region (Figure  2 a n d  3). The  l ipid 
n a t u r e  of these  s u d a n o p h i l  spheres  is conf i rmed  (I) b y  
t he  ly sochrome  effect  1.,.2, (2) t he  comple t e  l ab i l i t y  
of t h e i r  s u d a n o p h i l i a  to  t he  p r io r  e x t r a c t i o n  in l ip id  
solvents** (Figure  4), (3) t h e i r  s t r o n g l y  osmiophi l i c  n a t u r e  
in ~VIGGLESVVORTH I3 t e c h n i q u e  of buf fe red  O s O J e t h y l  
gal late ,  a n d  (4) t he i r  s t rong  a f f in i ty  for n e u t r a l  red  used 
superv i t a l ly .  

Besides  a n  a b u n d a n t  and  un i fo rm  d i s t r i b u t i o n  in t he  
c y t o p l a s m ,  t he  l ipid spheres  are  c o n c e n t r a t e d  a t  t h e  o u t e r  
a n d  i n n e r  cell bo rde r s  in  t he  sec re to ry  a n d  s to rage  reg ions  
of t he  silk g lands  f rom 3rd a n d  5 th  i n s t a r  B. mori  (F igure  
2). In  t he  d u c t  of 3rd ins ta r ,  t h e  l ipid spheres  form a 
p r o m i n e n t  r ing  (Figure 3) a t  a b o u t  1/3 of the  cells; in 5th  
i n s t a r  t h i s  r ing  of l ipid spheres  m o v e s  i nwards  to  lie 
con t iguous  to  t he  i n t i m a  propr ia .  Bes ides  t h a t ,  t h e  o u t e r  
cell b o r d e r  c o n t i n u e s  to  h a v e  l ipid c o n c e n t r a t i o n  as in 
t he  o t h e r  two  regions.  In  t he  l a rvae  r e m o v e d  f rom two-  
days  old cocoons,  however ,  t he  cells in t he  sec re to ry  a n d  
s to rage  regions  show on ly  a t h i n  l ayer  of s u d a n o p h i l  
m a t e r i a l  a t  t h e  i nne r  a n d  ou t e r  bo rde r s  w i t h  a l m o s t  
nega t i ve  c y t o p l a s m  (Figure  5); whi le  t he  d u c t  cells 
c o n t a i n  on ly  sparse ly  d i s t r i b u t e d  lipid spheres  in t he  cy to-  
p l a sm (Figure  6). T h u s  a c lear  dep le t ion  ( consumpt ion )  of 
t he  l ipid m a t e r i a l  in t he  a c t i v i t y  of t he  g lands  d u r i n g  t he  
5 th  i n s t a r  ha s  t a k e n  place. 

I G. C. HIRSCH, Symposium on Cell Secretion (Brazil 1955). 
2 j .  R. BAKER, Bull. micro, app. 3, 1 (1953). 
a D. LAcy, J. R. mier. Sot. 75, 155 (1955). 
4 G. C. HIRSeH, Biol. Rev. Cambridge 6, 88 (193l); Form und Stoj[- 

wechsel tier Golgi- Karper (Borntraeger, Berlin 1939). 
K. C. KANWAR, Ph.D. Thesis, Panjab University (196t)). 

6 j .  R. BAKER, Quart. J. micr. Sei. 97, 161 (1956). 
7 j .  R. BAKER, Quart. J. micr. Sci. 87, 441 (1946). 
8 M. C. BERENBAU.~L Quart. J. micr. Sei. 99, 231 (1958). 
9 B. P. CLAYTON, Quart. J. micr. Sei. 99, 453 (1958); 10 G 269 (1959). 

10 B. L. GVPTA, Nature (London) 18l, 555 (1958). 
11 j .  A. SERRA, Rev. Portuguesa Zoo. Biol. Geral. 1, 109 (I958). 
l~ j .  R. BAKER, Principles o/ Biological Microtechnique (Methuen, 

London 1958). 
13 V. B. WIGGLESWORTH, Proc. Roy. Soe. B 147, 185 (1957). 



15. I. 1962 Brevi comunieazioni - Brk'f Reports 25 

I t  has  been  sugges ted  by  JUNQUEIRA 14, and  JUNQUEIRA 
and  I-IIRSCH is, t h a t  the  energy  r e q u i r e m e n t s  of the  cells 
for secre tory  me tabo l i sm come from ox ida t ion - reduc t ion  
processes  t h rough  Krebs '  cycle r a t he r  t h a n  glycolysis.  
Such r equ i r emen t s  in t he  silk g lands  m u s t  be qu i te  high,  
because the  energy  is requi red  no t  only  for ion t r a n s p o r t s  
and syn thes i s  of p ro te in  molecules,  b u t  also for the  
passage  of secre tory  produc ts ,  t h rough  th ick  in t ima  of t he  
cells, i ts  o r ien ta t ion  in to  fibres and  the  sp inn ing  of silk 
thread .  The duc t  cells m a y  be involved in the  l a t t e r  pro-  
cess only,  as no pro te ins  seem to be secre ted  by  t h e m ;  th is  
is shown by  tile absence  of any  pen tose  nucleoprote ins  in 
the i r  c y t o p l a s m - a  subs tance  cons idered  pre-requis i te  for 
p ro te in  syn thes i s  18 

I t  has  been fu r the r  obse rved  t h a t  the  cells of silk g lands  
are comple te ly  nega t ive  to  periodic ac id-Schif f  and  o the r  ~ 

tes ts  for ca rbohydra t e s .  The cy top la sm of these  cells is 
r ich in m i t o c h o n d r i a  hav ing  a d i s t r ibu t ion  p a t t e r n  ta l ly ing  
closely wi th  t h a t  of lipids. The cy top la sm dur ing  3rd and 
5th ins ta rs  also co n t a i n s  qu i te  high ac t iv i ty  of t rue  
l ipases ~s, and es terases  ~9 b u t  a lmos t  none  in the  oM 
larvae.  The succinic dehydrogenase  and  c y t o c h r o m e  
oxidase  ac t iv i ty  of the  mi tochondr i a  also show similar  
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Figures 1-6. Transverse sections of the silk glands of B. mori. 1. Formaldehyde calciunl fixed postchromed/¢elatin section coloured with 
ethanolic Sudan black B, 5th instar secretory region. 2. Serra (11) fixation demasking coloration mixture, ~-~th instar secretory re~ion. :L Serra 
(I 1) fixation coloration mixture 3rd instar duct regkm..1. Serra (t 1) extraction mixture, 5th instar secretory region. 5. Serra (I 1) demaskillg 

coloration mixture 2-days old cocoon secretory region. 6. Serra (t 1) demasking eok)ration mixture, 2-days old cocoon, duet region. 
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v a r i a t i o n  as obse rved  v i sua l ly  w i t h  c y t o c h e m i c a l  t e s t s  2°. 
Succinic  d e h y d r o g e n a s e  a c t i v i t y  seems to be  t he  h i g h e s t  
in  5 th  i n s t a r  l a rva .  

I t  h a s  been  s h o w n  r e c e n t l y  b y  FUKUDA et  al.2~ t h a t  
70% of t h e  s i lk  p r o t e i n  in  B. mori is de r ived  d i r ec t ly  f rom 
t h e  p ro t e in s  of m u l b e r r y  leaves  b u t  t he  r e m a i n i n g  30% is 
s y n t h e s i z e d  f rom the  t i ssue  p ro t e in s  of t h e  l a rvae .  T he  
l a t t e r  syn thes i s  occurs  on ly  a f t e r  t h e  7 t h  da?} of t h e  5 th  
i n s t a r  l a rva .  

T h u s  i t  c an  be  conc luded  f rom t h e  a b o v e  ev idence  t h a t  
u p  to  a b o u t  t h e  midd le  of 5 th  i n s t a r  t h e r e  is l ip id  syn-  
thes i s  a n d  s to rage  in t h e  cells of t he  si lk g lands  (h igh  l ipase 
a c t i v i t y  b u t  low succinic  d e h y d r o g e n a s e  act ivi ty~°) ,  whi le  
d u r i n g  t he  las t  p h a s e  of t h e  5 th  i n s t a r  a n d  ea r ly  cocoon-  
f o rming  l a rvae  t h e r e  is l ipid deple t ion .  I t  wou ld  a p p e a r  
t h a t  these  l ipids  are  r equ i r ed  for t i le  s y n t h e s i s  of 30% of 
t h e  si lk p ro t e in s  f rom t h e  l a rva l  t i s sue  p ro t e in s  21, p r o b a b l y  
for  t h e  p r o d u c t i o n  of e n e r g y  for  s ec r e to ry  m e t a b o l i s m  as 
t h e r e  a re  no  l ipids  p r e s e n t  in  t h e  sec re t ion  itself.  

L a s t l y  i t  m a y  be  p o i n t e d  o u t  t h a t  ev idence  is a c c u m u -  
l a t i ng  in  f a v o u r  of l ipids  p r o v i d i n g  t h e  fuel for c e r t a i n  t y p e  
of m e t a b o l i c  a c t i v i t y  22, 23. Could i t  be  t h a t  t he  v is ib le  con-  
s u m p t i o n  of l ip ids  d u r i n g  a s ec r e to ry  cycle in  t h e  exocr ine  

cells of v e r t e b r a t e  p a n c r e a s  (and  also o t h e r  cells) obse rved  
b y  KANWAR a n d  BAKER~4 also mee t s  t h e  same  pu rpose  ? 

Rdsumd. D a n s  les g landes  s6ricig~nes des roues de la  
cheni l le  du  Bombyx mori, les l ipides s u d a n o p h i l e s  s ' accu-  
m u l e n t  p r o g r e s s i v e m e n t  jusqu'5,  la  5e m u e  e t  s ' 6 p u i s e n t  
c o m p l ~ t e m e n t  p e n d a n t  la  f o r m a t i o n  du  cocon.  U n e  6rude  
s y s t 6 m a t i q u e  des d ivers  sys tbmes  d ' e n z y m e s  m o n t r c  que  
les l ip ides  f ou rn i s s en t  p a r  o x y d a t i o n - r 6 d u c t i o n  l '6nerg ie  
n6cessai re  au  m 6 t a b o l i s m e  s6cr6toire  des cellules des  
g landes  p e n d a n t  les derni~res  roues. 
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Agar Electrophoresis of Soluble Proteins Isolated 
from Cellular Fractions of Regenerating Guinea- 

Pig Liver 

T h e  changes  occur r ing  in r e g e n e r a t i n g  r a t  l ive r  so luble  
p ro t e in s  h a s  b e e n  wide ly  s t u d i e d  b y  m e a n s  of p a p e r  
e lec t rophores is .  

GUIDOTTI a n d  CLERICI 1 a n d  GUIDOTTI e t  al. 2 h a v e  
s h o w n  t h a t  s imple  p r o t e i n s  are  p r ac t i c a l l y  u n m o d i f i e d  
a f t e r  p a r t i a l  h e p a t e c t o m y ,  whi le  t h e  per iodic  ac id -Sch i f f  
s t a i n i n g  f r ac t ions  were  f o u n d  to  be  m a r k e d l y  decreased.  

Othe rwise  a decrease  of t he  a l bum i n - l i ke  p e a k  was found  
b y  DE LAMIRANDE et  al. 3,, in  t he  m i t o c h o n d r i a l  f rac t ion .  

Since t h e  a g a r  gel e lec t rophores i s  is v e r y  a d v a n t a -  
geous in  o b t a i n i n g  a n  i m p r o v e d  d i s p l a c e m e n t  of t h e  
soluble  ce l lu lar  p ro t e in s  ~, we h a v e  s t ud i ed  t h e  p r o t e i n  p a t -  
t e r n  of r e g e n e r a t i n g  l iver  b y  m e a n s  of t h i s  t e c h n i q u e .  I n  
t h e  p r e s e n t  p a p e r  resu l t s  are  r e p o r t e d  on  t h e  f r a c t i o n a t i o n  
of gu inea -p ig  l iver  soluble  p ro te ins ,  i so la ted  f rom nuc lear ,  
m i t o c h o n d r i a l  a n d  c y t o p l a s m a t i c  f rac t ions .  

Material and Methods. Male guinea-pigs ,  of a b o u t  2 3 0 -  
270 g, E n g l a n d  s t ra in ,  were  p a r t i a l l y  h e p a t e c t o m i z e d  
( a b o u t  1/2 of t h e  t o t a l  l iver) ,  a cco rd ing  to  HIGGINS a n d  
ANDERSON s, a n d  ki l led a f t e r  24, 48, 72 h a n d  6, 8 days .  

T h e  pe r fus ion  of t h e  l iver  was  ca r r i ed  o u t  a t  4 C ° w i t h  
t h e  fo l lowing so lu t ion :  NaC1 0.094 Mol, p h o s p h a t e  bu f f e r  
p H  7.4 0.012 Mol, e t h y l e n e - d i a m i n e t e t r a - a c e t i c  ac id  
0.011 Mol, glucose 0.046 Mol. 

N u c l e a r  a n d  m i t o c h o n d r i a l  f r ac t ions  were  o b t a i n e d  b y  
d i f fe ren t i a l  c e n t f i f n g a t i o n s  7,a-10. T he  soluble  p ro t e in s  
h a v e  been  i so la ted  a f t e r  t h e  d i s r u p t i o n  of nuc l ea r  a n d  
m i t o c h o n d r i a l  m e m b r a n e s  b y  m e a n s  of r e p e a t e d  freezings 
a n d  t h a w i n g s .  

Af te r  dyalisis ,  c e n t r i f u g a t i o n  (for r e m o v i n g  p r o t e i n s  
w h i c h  are  inso lub le  in  sa l t - f ree  wa te r )  a n d  f reez ing-dry ,  
t h e  m a t e r i a l  was  d isso lved  in t he  buf fe r  so lut ion,  a t  t h e  
c o n c e n t r a t i o n  of a b o u t  3 - 4 % .  

The  t e c h n i q u e  of a g a r  e l ec t rophores i s  of GRABAR 11 was  
e s sen t i a l ly  fol lowed.  

Results. F o r  t h e  nuc l ea r  f r ac t ion  of n o r m a l  l iver  10 com-  
p o n e n t s  h a v e  b e e n  o b s e r v e d :  1 in  a l b u m i n ,  1 in  ~l-glo- 

bu l in ,  2 in  ~2-globulin, 4 in  f l-globulin a n d  2 in  7 -g lobul in  
zone.  I n  Tab le  I are  r e p o r t e d  t h e  p e r c e n t u a l  a m o u n t s  of 
d i f f e ren t  p r o t e i n  f rac t ions .  

Af t e r  h e p a t e c t o m y  two  d i s t i n c t  c o m p o n e n t s  in  pre-  
a l b u m i n  zone a p p e a r e d  (a f te r  24 h, w i t h  a m a x i m u m  
a f t e r  3 days ) ;  m o r e o v e r  a n  increase  of t he  a l b u m i n - l i k e  
f rac t ion ,  a n d  a decrease  of t h e  c o m p o n e n t s  c o r r e s p o n d i n g  
to  fl- a n d  y-globul ins ,  ha s  b e e n  obse rved .  

F o r  t h e  m i t o c h o n d r i a l  p r e p a r a t i o n ,  7 c o m p o n e n t s  in  t h e  
n o r m a l  l iver  were obse rved  : 1 in  a l b u m i n ,  1 in  cq-globulin,  
2 i n  c%-globulin, 3 in  f l -globulin zone;  no  c o m p o n e n t  
a p p e a r e d  in  t h e  v -g lobu l in  zone.  T h e  e l ec t rophore t i c  

Tab. I. Percentual amounts of the soluble proteins isolated from 
regenerating guinea-pig liver nuclear fraction 

Pre- Albumin Globulins 
albumin ~1 ~ fl 

Normal liver 0.03 22.0 15.3 33.3 24.0 7.0 
After 24 h 2.3 24.1 23.2 28.1 20.0 2.3 
After 72 h 10.4 30.5 10.5 30.6 17.0 1.0 
After 6 days 8.6 27.8 10.9 30.1 21.1 1.5 
After 8 days 0.4 22.1 13.7 31.5 31.5 1.O 
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