
15. X. 1962 Brevi eomunieazioni - Brief Reports 455  

Tab. II. Vcrgleich der Acctoin-, 2,3-Butylenglykol- und Brenztraubensfiurewerte in Blut und Liquor yon Nierenpatienten (R), Leber- 
patienten (H), Patienten mit Diabetes mellitus (D) und einer gemischten Krankheitsgruppe (M). C (Liquor) : Konzentration im Liquor; C (Blut) : 

Konzentration im Biut. N: Anzahl der Bestimmungcn 

Bestimmung N C(Liquor) = C(Blut) C(Liquor) > C(Blut) C(Liquor) < C(Blut) 
N N N 

Total (R, H, D, M) Acetoin 41 10 18 13 
12, 3-Butylenglykol 38 3 5 30 
Brenztraubens/iure 39 5 19 15 

Nierenpatienten (R) Acetoin 12 5 4 3 
2, 3-Butylenglykol 11 1 ~ 8 
Brenztraubensfiure 11 0 10 1 

Leberpatienten (H) Acetoin 9 3 5 1 
2, 3-Butylcnglykol 9 I ~ 6 
Brenztraubcns~iurc 9 l 2 6 

in  4 S t a d i e n  e inge te i l t :  I. Ke ine  B ew us s t s e i n s s t 6 r ung ,  
IV.  S t / i rks te  Bewuss t s e in s s t6 rung .  

Resultate. B TS, A MC und BD in Blut yon Nieren- 
patienten (Tabel le  I ) :  P a t i e n t e n  m i t  B e w u s s t s e i n s s t 6 r u n -  
gen h a b e n  d u r c h s c h n i t t l i c h  e r h 6 h t e  BTS- ,  AMC- u n d  B D -  
\Ver te .  Die h 6 c h s t e n  K o n z e n t r a t i o n e n  v o n  AMC w u r d e n  
bei  P a t i e n t e n  m i t  m i t t e l s c h w e r e n  B e w u s s t s e i n s s t 6 r u n g e n  
( S t a d i u m  I I I ) ,  die h 6 c h s t e n  B D - K o n z e n t r a t i o n e n  bei 
P a t i e n t e n  m i t  l e i ch t en  B e w u s s t s e i n s s t 6 r u n g e n  ( S t a d i u m  
II)  b e o b a c h t e t .  

B T S ,  A M C  und BD in Blut yon Leberpatienten (Ta- 
belle I) : B T S - W e r t e  s ind  bei  P a t i e n t e n  m i t  Bewuss t se ins -  
s t 6 r u n g e n  e rh6h t .  Die d u r c h s c h n i t t l i c h e n  A c e t o i n - K o n -  
z e n t r a t i o n e n  n e h m c n  para l le l  z u m  Grad  de r  Bewuss t -  
s e in s s t6 rungen  zu. P a t i e n t e n  m i t  m i t t c l s c h w e r e n  u n d  
schweren  B e w u s s t s e i n s s t S r u n g e n  h a b e n  im D u r c h s c h n i t t  
s eh r  h o h e  B D - K o n z e n t r a t i o n e n .  

Vergleich der B TS-, A MC- und BD-Konzentrationen in 
Blur und Liquor yon Nierenpatienten, Leberpatienten und 
Patienten mit verschiedenen A//ektionen (Tabel le  I I ) .  V on  
39 B T S - B e s t i m m u n g e n  ze ig ten  19 im L i q u o r  h 6 h e r e  
W e r t e  als im B l u t  u n d  15 im B l u r  hShere  W e r t e  als im 
Liquor .  10 v o n  11 u r ~ m i s c h e n  P a t i e n t e n  h a t t e n  im L i q u o r  
hShere  B T S - K o n z e n t r a t i o n e n  als im Blur .  Die AMC- 
W e r t e  w a r e n  i m  L i q u o r  in  18 Fa l l en  h6her ,  in  13 Fii l len 
n iedr ige r  als im Blu t .  10real w u r d e n  zwischen B l u r  u n d  
L i q u o r  ke ine  U n t e r s c h i e d e  fes tgestel l t .  30 v o n  38 Pa -  
t i e n t e n  wiesen im L i q u o r  h 6 h e r e  B D - W e r t e  auf.  3mal  
w u r d e n  ke ine  U n t e r s c h i e d e  ge funden .  

Diskussion. Nieren-  u n d  L e b e r p a t i e n t e n  h a b e n  e r h 6 h t e  
AMC- u n d  B D - W e r t e  im Blur ,  w e n n  Bewuss t se ins -  
st /Srungen v o r h a n d e n  sind.  Diese B e f u n d e  k 6 n n e n  bei  
Lebe r -  u n d  N i e r e n p a t i e n t e n  au f  die I n t e n s i v i e r u n g  des 
a n o x y d a t i v e n  B T S - A b b a u s  zur f ickgef i ihr t  werden .  Bei  
de r  E r h S h u n g  de r  AMC- u n d  B D - B l u t w e r t e  bei  U r l i m i k e r n  
k o m m t  a u s s e r d e m  der  R e t e n t i o n  dieser  be iden  S u b s t a n z e n  
eine gewisse B e d e u t u n g  zu. Ob  die I n t e n s i v i e r u n g  de r  
A M C - S y n t h e s e  die Folge e iner  v e r m e h r t e n  in te rmed iAren  
B T S - B i l d u n g  da r s t e l l t  ode r  ob  sie d u r c h  eine S t 6 r u n g  des  
o x y d a t i v e n  B T S - A b b a u s  v e r u r s a c h t  wird, b l e ib t  abzu -  
kli iren.  

Aus u n s e r e n  B e f u n d e n  geh t  n i c h t  hervor ,  ob  AMC u n d  
B D  in de r  P a t h o g e n e s e  h e p a t i s c h e r  und  uAimischer  Be-  
w u s s t s e i n s s t 6 r u n g e n  eine Rol le  spielen,  da  zwischen de r  
HShe  de r  B l u t k o n z e n t r a t i o n e n  y o n  AMC u n d  B D  einer-  
sei ts  u n d  d e m  G r a d  d e r  B e w u s s t s e i n s s t 6 r u n g e n  ande re r -  
sei ts  ke ine  K o r r e l a t i o n  b e s t e h t .  Es  is t  zwar  seh r  fraglich,  
ob  sich S t 6 r u n g e n  des  Geh i rns to f fwechse l s  a u c h  im per i -  
p h e r e n  B l u r  man i f e s t i e r en .  M a n  muss  wohl  ehe r  a n n e h m e n ,  
dass  in  i h r e r  W i r k u n g s w e i s e  u n b e k a n n t e  S c h r a n k e n -  
m e c h a n i s m e n  zwischen  B l u t  u n d  Gehi rn ,  B l u t  u n d  Liquor ,  
L i q u o r  u n d  G e h i r n  exis t ie ren ,  die die E r k e n n u n g  m e t a b o -  
l ischer  Ver~inderungen  des  Geh i rn s  i m  p e r i p h e r e n  B lu r  
ve runm6g l i chen .  Von  den  erw~ihnten S c h r a n k e n m e c h a -  
n i s m e n  des Z e n t r a l n e r v e n s y s t e m s  k 6 n n e n  bei  M e n s c h e n  
n u r  die B e z i e h u n g e n  zwischen B lu t -  u n d  L i q u o r r a u m  
u n t e r s u c h t  werden .  Unse re  U n t e r s u c h u n g e n  e r g a b e n  in 
85% K o n z e n t r a t i o n s u n t e r s c h i e d e  fiir BTS ,  AMC u n d  B D  
zwischen B l u r  u n d  Liquor .  Diese Be funde  d e u t e n  m0g-  
l icherweise au f  ein B a r r i e r e n p h ~ n o m e n  ffir die e r w g h n t e n  
S u b s t a n z e n  a n  de r  B l u t - L i q u o r g r e n z e  h in .  D.h . ,  B i l d u n g  
u n d  A b b a u  der  B T S  in B lu t -  u n d  L i q u o r r a u m  s ind  u n t e r  
den  u n t e r s u c h t e n  p a t h o l o g i s c h e n  B e d i n g u n g e n  vcrsch ie -  
den.  O b w o h l  U n t e r s u c h u n g e n  des  L i q u o r r a u m e s  w a h r -  
sche in l ich  ke ine  Aussage  f iber den  Hi rns to f fwechse l  ge- 
s t a t t e n ,  so lassen die vo r l i egenden  Ergebn i s se  doch  ver-  
t au t en ,  dass  S t 6 r u n g e n  des ze reb ra l en  BTS-S to f fwechse l s  
n i c h t  im p e r i p h e r e n  B l u r  e r k a n n t  werden  k6nnen .  

Summary. Aceto in  a n d  2, 3 -bu ty lene  glycol in b lood  of 
r ena l  a n d  h e p a t i c  p a t i e n t s  are  ra ised,  w h e n  consciousness  
is d i s tu rbed .  T h e r e  is no  co r r e l a t i on  b e t w e e n  b lood levels 
of ace to in  a n d  2 , 3 - b u t y l e n e  glycol  a n d  t he  degree of im-  
p a i r m e n t  of consciousness .  S i m u l t a n e o u s  d e t e r m i n a t i o n s  
of ace to in  a n d  2, 3 -bu ty lene  glycol in  b lood a n d  cerebro-  
sp ina l  f luid show t h a t  a l t e r a t i ons  of t he  ce rebra l  p y r u v i c  
acid m e t a b o l i s m  are  d i f f icul t  to  d e t e c t  in  c i rcu la t ing  
blood.  
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Inter ferometr ic  and Refrac tometr ic  
D e t e r m i n a t i o n s  of the Dry  Matter  Concentrat ion 

of the Mi tochondr ia  in a Cell 

The  use of i n t e r f e r ence  microscope  for a wide v a r i e t y  of 
special  q u a n t i t a t i v e  cy to logica l  s tud ies  on  l iv ing cells, 
d e p e n d e n t  on  i m m e r s i o n  r e f r a c t o m e t r y ,  was  f i rs t  r epo r t ed  
b y  BARER et  al. 1,2 a t  Oxford .  These  s t u d i e s  were appl ied  

b y  BARER e t  al.  (BARER a n d  R o s s a ;  BARER, ROSS, a n d  
TKACZYK4; BARER and  JOSEPH6) to d e t e r m i n e  t h e  refrac-  
t ive  i n d e x  of t he  c y t o p l a s m  of l iv ing  cells b y  i m m e r s i o n  

* R. BARER, Nature 169, 366 (19512). 
2 R. BARER, J. Roy. Microscop. Soc. 72, 10 (1952). 

R. BARER and K. F. A. Ross, J. Physiol. 118, 38 (1952). 
4 R. BARER, K. F. A. Ross, and S. TKACZYK, Nature 171,720 (1953). 
5 R. BARER and S. JosEPH, Quart. J. Microscop. Sci. 95, 399 (1954). 
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r e f r a c t o m e t r y ,  b y  u s i n g  i s o t o n i c  s o l u t i o n s  o f  b o v i n e  
p l a s m a  a l b u m i n  as  i m m e r s i o n  m e d i u m .  DAVIES a n d  Nebenkcrn 
WlLKINS 6,,, a n d  BARER 1,~ h a d  i n d e p e n d e n t l y  p o i n t e d  o u t  diameter 

in microns (/x) 
t h a t  s u c h  m e a s u r e m e n t s ,  w h e n  a p p l i e d  to  l i v i ng  c y t o p l a s m  t 
a n d  m a n y  o t h e r  cell  c o n s t i t u e n t s ,  c o u l d  g ive  a p p r o x i m a t e  
d r y  m a s s  c o n c e n t r a t i o n  o f  t h e  so l id s  p r e s e n t .  I n  1954 3.o t)..2ss 
R o s s  s e x t e n d e d  t h i s  m e t h o d  to  d e t e r m i n e  t h e  r e f r a c t i v e  a.~ o.eu5 
i n d e x  o f  t h e  m i t o c h o n d r i a l  n e b e n k e r n  o f  t h e  m a l e  g e r m  a.o o265 
cei ls  o f  l ocus t .  S T E N R A M  s r e p o r t e d  t h e  d r y  m a t t e r  c o n -  3.o o.~s~ 
c e n t r a t i o n  o f  nuc l e i  a n d  nuc l eo l i  b y  i n t e r f e r o m e t r i c  a n d  :¢.0 o.278 
r e f r a c t o m e t r i c  m e t h o d s .  3.0 ,.27f~ 

3.0 O.263 
I n  m y  p r e s e n t  i n v e s t i g a t i o n s  I h a v e  m a d e  a n  a t t e m p t  to  3.0 o.27:1 

d e t e r m i n e  t h e  d r y  m a s s  c o n c e n t r a t i o n  o f  m i t o c h o n d r i a  in  3.2 o.~57 
t h e  s p e r m a t i d s  o f  t h e  c r i cke t ,  Gry lh t s  d o m e s t i c u s  L i n n a e u s ,  3.'z o.~73 
b y  r e f r a c t o m e t r y  a n d  i n t e r f e r o m e t r y ,  so  a s  t o  c o r r e l a t e  t h e  a.e o.~73 
r e s u l t s  o b t a i n e d  b y  t h e s e  t w o  m e t h o d s .  O n l y  t h o s e  cel ls  a.'2 e.'24s 
we re  s e l ec t ed ,  for  t h e  d e t e r m i n a t i o n  o f  d r y  m a t t e r  c o n -  3.2 0.24x 
e e n t r a t i o n ,  in w h i c h  al l  t h e  m i t o c h o n d r i a  h a d  c o a l e s c e d  3.'2 0.'263 
c o m p l e t e l y .  T h e  r e f r a c t o m e t r i c  s t u d i e s  we re  c o m p l e t e d  a.~ o.2~;a 
w i t h  B a k e r  I n t e r f e r e n c e  M i c r o s c o p e ,  wh i l e  i n t e r f e r o m e t r i c  3.~ (),'~65 
d e t e r m i n a t i o n s  we re  u n d e r t a k e n  w i t h  t h e  N e w  L e i t z  3.5 (~.231 
I n t e r f e r e n c e  Mic roscope .  3.5 o.2.:p 

Re/rac tometry .  T h e  d o u b l e  r e f r a c t i n g  i n t e r f e r e n c e  3.5 ().~lS 
m i c r o s c o p e  of  'A.  O. B a k e r '  w a s  u s e d  for  r e f r a c t o m e t r i c  3.5 o .~1  

3.5 t1,c~2 I 
d e t e r m i n a t i o n s  of t h e  d r y  m a s s  o f  t h e  n e b e n k e r n .  T h e  cel ls  3.5 0.209 
were  s u s p e n d e d  in a n  i s o t o n i c  i n s e c t  s a l i n e  m e d i u m  c o n -  3.5 0.21'~ 
s i s t i n g  of  e n o u g h  b o v i n e  p l a s m a  a l b u m i n  so  t h a t  i t s  re -  3.5 0.212 
f r a c t i v e  i n d e x  m a t c h e s  e x a c t l y  w i t h  t h a t  o f  t h e  c y t o p l a s m .  
All  t h e  m e a s u r e m e n t s  w e r e  t a k e n  w i t h  t h e  s h e a r i n g  o b -  
j e c t i v e  a n d  c o n d e n s e r  s y s t e m .  T h e  p h a s e - c h a n g e  r e t a r -  
d a t i o n  w a s  m e a s u r e d  w i t h  l i g h t  f r o m  r i b b o n  f i l a m e n t  
l a m p ,  f i l t e r ed  t h r o u g h  a g r e e n  f i l t e r  g i v i n g  a n a r r o w  
s p e c t r u m  of  m a x i m u m  i n t e n s i t y  a t  a b o u t  546 mix. T h i s  
o p t i c a l  r e t a r d a t i o n  of  l i g h t  w a v e  p r o d u c e d  b y  t h e  n e b e n -  
k e r n  w a s  m e a s u r e d  b y  a n  e x t i n c t i o n  m e t h o d ,  i.e. t h e  
a n a l y z e r  w a s  f i r s t  t u r n e d  so  a s  t o  d a r k e n  t h e  s u s p e n s i o n  

Phase-change 
retardation 

in wavelengths (2) 
q~ 

Dry mass of the neben- 
kern in picograms 
(g × 10 -12) 

M 

I 1 . 2 9  
1 1 . 5 7  
IO.3S 
I 1 ,29  
10.90 
10.82 
l().;~I1 
1o.7o 
11.48 
1"2.t9 
lO.SN 
I 1,07 
I 1 . 0 7  

I 1.74 
I 1.74 
1 1 . 8 3  
12.48 
11.14 
11.6 ° 
11.12 
11.12 
l I . 1 4  
1 1.311 
1 ] .31~ 

Data tabulated above shows the phase-retardation of light, of wave- 
length 546 rapt, passing through the living spermatids of Gryllus 
domesticus Lin i l ae t l s  i l lo t ln ted  ill all  i s o t o n i c  i n sec t  s a l i ne  l l led ium,  
consisting of bovine plasma albumin, with a refractive index equal 
to that  of their cytoplasm; the dry mass is calculated from these 
measurements  obtained by the use of 'A. O. Baker Interference 

Microscope' (shearing system}. 

m e d i u m  a n d  c y t o p l a s m  a s  m u c h  a s  pos s i b l e ,  a n d  t h e n  t h e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  If IF . . . . . . . . . .  ~ ~ ,  ,~*  ~" . . . . . . . . . . . . . . . . .  
e x t i n c t i o n  is  t r a n s f e r r e d  o v e r  t o  t h e  n e b e n k e r n  b y  f u r t h e r  " - ~  ~ : ~ . ~  : .. - . . . . . . . . . . . . . . . . . . . . . . .  
t u r n i n g  t h e  a n a l y z e r .  T h e  p h a s e  s h i f t  w a s  r e c o r d e d  f r o m  . . . . . . . . . . . . . . . . . .  " .-  ~,.- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t h e  sca le  of  t h e  a n a l y z e r  w h i c h  is s u p p o s e d  t o  g i v e  p h a s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ~ ~ J ~  . . . . . . . . . . . . . . . . . .  
d i f f e r e n c e  v a l u e s  u p  t o  f i f t i e t h  o f  a w a v e l e n g t h .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  

T h e  m e a s u r e m e n t s  w e r e  t a k e n  o n  t h e  n e b e n k e r n s  of  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t h r e e  d i f f e r e n t  s izes  c o m m o n l y  f o u n d  in  t h e  m a t e r i a l .  T h e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ d  
n e b e n k e r n  is a p p r o x i m a t e l y  s p h e r i c a l ,  t h e r e f o r e  i t s  d i a -  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .ii]~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m e t e r  a l o n g  t h e  o p t i c a l  a x i s  of  t h e  m i c r o s c o p e  c a n  b e  
t a k e n  a s  b e i n g  t h e  s a m e  as  t h a t  a t  r i g h t  a n g l e s  t o  t h e  
o p t i c a l  ax i s .  I t  is p r o b a b l e  t h a t  in  no  c a s e  t h e  e r r o r  o f  t h i s  
m e a s u r e m e n t  c o u l d  be  m o r e  t h a n  h a l f  a m i c r o n .  

T h e  d r y  w e i g h t  m a s s  (M) of  t h e  n e b e n k e r n  w a s  c a l c u -  
l a t e d  f r o m  t h e  f o r m u l a :  

~ A  
M ................... 

l l Iw~ 

w h e r e  ~ is t h e  p h a s e  s h i f t  d u e  to  t h e  n e b e n k e r n ;  A is a r e a  
c a l c u l a t e d  f r o m  t h e  d i a m e t e r  o f  t h e  n e b e n k e r n ,  e is 
r e f r a c t i v e  i n c r e m e n t  ( a s s u m e d  0 . 0 0 t 8  h)r  m i t o c h o n d r i a ,  
c h i e f l y  c o n s i s t i n g  o f  p r o t e i n  a n d  t i p o p r o t e i n ) .  

A s  s h o w n  in  t h e  T a b l e  t h e  d r y  w e i g h t  m a s s  o f  t h e  n e b e n -  
k e r n  w a s  d e r i v e d  f r o m  m e a s u r e m e n t s  o f  t h i s  b o d y  in  
t w e n t y  f o u r  d i f f e r e n t  cel ls ,  a n d  t h e  m e a n  f i g u r e  o b t a i n e d  
is  1 1 . 2 4  × 1 0  - i 2  g°/o.  

In t e r / e rome t ry .  T h e  n e w  L e i t z  I n t e r f e r e n c e  M i c r o s c o p e  
w a s  u s e d  for  t h e  i n t e r f e r o m e t r i e  d e t e r m i n a t i o n s  o f  t h e  d r y  
w e i g h t  m a s s  of  t h e  m i t o c h o n d r i a l  n e b e n k e r n .  T h i s  m i c r o -  
s c o p e  p e r m i t s  e x a c t  p h a s e  m e a s u r e m e n t s ,  a s  n o  c o r r e c t i o n  
is  r e q u i r e d  for  t h e  o b l i q u e  r a y s  d u e  to  t h e  s m a l l  n u m e r i c a l  
a p e r t u r e  of  t h e  i l l u m i n a t i n g  s y s t e m .  T h e  l i g h t  s o u r c e  w a s  
a m e r c u r y  a r c  l a m p  w i t h  a n  i n t e r f e r e n c e  f i l t e r  t r a n s -  
m i t t i n g  m a x i m a l l y  a t  546 my.. A p a i r  of  oil  i m m e r s i o n  
o b j e c t i v e s  8 5 X / N . A . I .  36 were  u s e d .  I n  t h i s  m o n o c h r o m a t i c  

ZT.°." Z".22Z ~ :72Z2NI~ZI  Z2 7ZZ. 2ZJ7 72~_ 

Photomicrograph taken under the New Leitz interference microscope, 
with monochromatic light and dark fringes focused in the field of 
view. 85 : immersion objectives with N.A.I.36. Diameter of the 

nebenkern is 3 p.. 

H. G. DAVIES and M. H. F. \¥ILKINN, Report t o  the Cytochemistry 
Commission of the Society for Cell Biology: Physical Aspects el 
C ytochemical Methods (Stoekhohn 195l). 

7 H. G. DAVIES and M. H. F. WILXlNS, Nature 169, 54l (1952). 
8 K. 1:. A. Ross, Nature t74, 8;t6 (1954). 
9 U. STENRAM, Exp, Cell Res, 22, 545 (196l). 
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l ight ,  a s y s t e m  of  m o n o c h r o m a t i c  l ight and  dark  fringes 
were focused in the  whole field of view. 

The cr icket  spe rma t id s  were m o u n t e d  in an isotonic 
insect sal ine m e d i u m  for in te r fe romet r ic  invest igat ions .  
The phase -change  r e t a rda t i on  of the  nebenkern  becomes 
visible as the  la tera l  shif t  of the  fringes in the  image which 
was p h o t o m i c r o g r a p h e d  (Figure). The accuracy ob ta ined  
by th is  m e t h o d  is expec t ed  to  be ~ 0.005 wave leng th .  
The average  opt ica l  p a t h  difference de t e rmined  f rom the  
pho tomic rog raphs  is 0.58 wave leng th  of the  green l ight;  
thus the  absolu te  opt ical  p a t h  difference of the  nebenke rn  
is (0.58 × 0.546 Ix). Cell d iamete r s  were measured  with a 
mic romete r  ocular.  

The basic formula  re la t ing the  opt ical  p a t h  difference to 
the d ry  mass  of the  mi tochondr i a l  nebenke rn  is the  same 
as used in r e f r ac tomet ry .  However ,  since in th is  case the  
cells were suspended  in isotonic saline medium,  a cor- 
rect ion factor  is added  to the  formula :  

The value 11.24 × l/) 12 g ob ta ined  for to ta l  d ry  mass of 
mi tochondr ia l  nebenkern  by  r e f r a c t o m e t r y  agrees well 
with the  d ry  mass wdue  of 12.50 v, l0 ~o. g ob ta ined  by  
in te r fe romet ry ,  l ) i fferences in wdues  were well within the  
errors of both  methods1°  1.,. 

Rdsumd. l . ' au teu r  a. effectu6 des mesures  rdfracto-  
m6tr iques  e t  in te r fdrom6tr iques  sur  le r6sidu sec, con- 
centr6,  tie la mat  i6re mi tochomlr i a l e  du <mebenkern~ des 
spe rma t ides  du Grilhm. l.a wtleur  o b t e n u e  par  rdfracto-  
mdtrie ( l l x  10 l ~ g )  e n  ut i l i sant  le microscope  h inter-  
f6renee (le A. O. BAKEI~ concurde avec celle qui a 6t6 
ob tenue  par  interf6r()mdtrie (12.56 "< 10 ill g) aveC le nou-  
veau microscope it interf6rence de l .eitz.  

H .  C .  C I t O P R A  la 

Division o~ Cell Iliologv Institute/or Muscle l)isease, Inc., 
New York ((qS..q.), .June I, 1962. 
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where Ixm, [z,v are t h e  ref rac t ive  indices of the  saline 
medium and  water ,  respect ively ,  t is th ickness  equ iva len t  
to t he  d iameter .  

The d ry  weight  mass  of the  nebenkern  is d e t e r m i n e d  to 
be 12 .56×10  l e g % .  

~" H. (;. l )avu, ;s ,  (;cnerat ('ytochemical .llcthods (J .  F. I)ANn~LLL I'kl., 
A{ 'ademic  I'rt '~s h w . ,  Nt 'w Y o r k  I;}Ss}, v{}l. 1, p. 57. 

u K. F. A.  Ross ,  Gcneral( 'ylochemwal Methods { . l .F.  I)ANU':LLI, Ed . ,  
A c a d e m i c  l ' reas Inc . ,  New Y o r k  1961), vol .  2. 

~2 The  a u t h o r  wishe,; t~) t h a n k  l)r.  \V. (; .  l{. (-'ASSEI.MAN for t e a c h i n g  
in t e r f e rence  m i c r o s c o p y .  Th i s  w o r k  was  suppor t ( , ( l  b y  a fe l lowship  
g r a n t  froln the  M u s c u l a r  l )ys t ro l )hY Assoc ia t ion  of A m e r i c a .  

~a P re sen t  a d d r e s s :  T h e  l{ockefelh'r h t M i t u t e ,  N e w  Y o r k  ( I ' . S . A . ) .  

The Percept ion  of Vibrat ion by the Subgenual  
Organ in Zootermopsis angusticollis E m e r s o n  

and Periplaneta americana L. 

In  the i r  inves t iga t ions  of the  v ib ra t ion- sens i t iv i ty  of the  
insect  subgenua l  organ,  & U T R U M  i'2, and  AUTRUM and  
S C H N E I D E R  3 have  concluded t h a t  there  was a t rans -  
format ion  of the  s t imulus  (Reiztrans/ormation), in which 
the v ib ra t ion  gave rise to vor t ices  in the  blood a round  the  
subgenual  organ.  The c o n s t a n t  pressure  of these  vort ices  
was held  to  be responsible  for s t imula t ing  the  sensory  cells. 
During the  course of inves t iga t ions  of the  v ibra t ion-  
sens i t iv i ty  of Z. angusticollis and  also of P. americana, 
evidence has accumula ted  wh ich  suggests  a s l ight ly  differ-  
ent  i n t e rp re t a t i on .  

In  b o t h  insects  osci l lographic recordings  were t aken  
with e lect rodes  in the  ven t ra l  nerve  cord, bu t  in the  cock- 
roach main ly  wi th  e lec t rodes  in the  femur  of an isolated 
leg. The  legs were res ted  on a surface which could be 
v ib ra ted  by  the  coil of a su i t ab ly  modif ied  moving-coi l  
loudspeaker  worked f rom an aud io f requency  oscillator. 

In  bo th  insects  the  response  to a pulse of v ibra t ion  had 
a la tency  of 10-20 msec and died out  af ter  abou t  the first 
half second (Figure 1 for the  cockroach p repara tkm) .  How- 
ever, a series of rapid  pulses a t  the  same f requency  of 
v ibra t ion  elici ted a synch ronous  n o n - a d a p t i n g  response 
for up  to a t  least  30 pulses/see for P. americana (Figure 1). 
At be tween  5 and  20 pulses/see for Z. an~usticollis, the  
response,  a l though  synchronous ,  t ended  to be lost a f ter  
about  10-30 pulses (Figure 2). Af ter  a break of 1/50 sec in 
a long pulse of v ibra t ion,  an immed ia t e  response can be 
recorded,  and  a p h e n o m e n o n  f requent ly  encoun te red  with 
a cockroach  p repa ra t i on  is a response  or ig inat ing  f rom the  
end of the  pulse as welt as from the  s t a r t  of the  nex t  
(Figure 1). Fur the r ,  a f ter  the  response  to a long pulse has 
died away,  a synchronous  response  can be ob ta ined  to 
modula t ion  of the  v ib ra t ion  by  t app ing  the  suppor t  wi th  
a glass rod (Figure 3). 

This evidence clearly suggests  t h a t  the sense-organ is 
responding not  to s t e a d y - s t a t e  condi t ions ,  but  to p h e n o m-  
ena tha t  precede or in terfere  with the  s t eady  s ta te .  Before 
going fur ther  it is necessary  to cons ider  the  s t ruc tu re  of 
the  subgenuat  organ which has  been s tud ied  in Z. anguMi- 
collis. (Fu r the r  deta i ls  of th is  will be publ ished elsewhere.)  
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I:i~, I. Rcspolls(' , ,  rvcor(h .d  fl 'om the  c o c k r o a c h  folnllr  | o  v i b r a t i o n  
wi th  a frc(|llt 'llCy e l  IIRHF ('.p.S., p a r t l y  in pulses  of  ;lO/see. 
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r v [ r r r q r f ' , T - - , m . , ' ~ - - v , ~ . 3 . ~ l . ~ r , r r : _ _  ~,,,---r-~ __t ! 
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Fig, '2. Re~p(m~es ruc(wded frolll the  I I (WVC ('Ol'(l of  the  tcq'lllitc to 
v i b r a t i o n  wi th  a f r c q m ' n c y  (~f 12Fbll c.p,~.,  in I)ul,,e,~ of  10/,;oc. 

. . . .  Lm, L l- L 
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Fig. :L  l?.e~pon~es rec~wded f rom the  n e r v e  co rd  of  t he  t e r m i t e  to 
v i b r a t i o n  wi th  a f r e q m q w y  of IO5o c.p.~.,  m o d u l a t e d  b y  t a p s  w i t h  a 

gla~,S rod .  
Scale  line = I sec in each ca~e. 

l H. AFTra 'M,  N a t u r w i ~ s .  3o, 6q.~ (191~). 
I t .  AuTm,Xn, ill t tandhook o/ I'hysiohLe, y, Sect ion  1 (I'M. I"U~LD, 
\Va~hinRton  1959), vol .  I. 

a 1t. AUTRIIM Slid \V..~CIINEII)ER, Z, vgl ,  Physiol. . '11,  77 {I;)IS).  


