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centr i fuge)  in a l inear  sucrose dens i t y  g r ad i en t  2 0 - 6 0 %  
w/w p repa red  in T N E .  T he  g r a d i e n t  was I r a c t i o n a t e d  in a 
L K B  Uvico rd  a p p a r a t u s ,  a l iquo ts  of each  f r ac t ion  were 
t a k e n  a n d  ac id- inso luble  r a d i o a c t i v i t y  was m e a s u r e d  in a 
P a c k a r d - T r i c a r b  l iqu id  sc in t i l l a t ion  counter .  F igure  1A 
shows t h a t  t he  v i rus  b a n d s  a t  t h e  dens i ty  of 1.19 g/ml.  

The  g r a d i e n t  f rac t ions  w i t h  t he  dens i ty  of 1.18 to 
1.20 g /ml  were collected,  d i lu ted  in T N E  to t he  dens i t y  
of 1.10 g/m1, and  t he  v i rus  was s e d i m e n t e d  a t  150,000 g 
for 1 h R N A  was e x t r a c t e d  b y  p h e n o l  s a t u r a t e d  b y  T N E ,  
p r e c i p i t a t e d  b y  e t h a n o l  w i t h  20 tzg/ml of car r ier  yeas t  1RNA 
a n d  s to red  a t  - -20~ For  charac ter iza t io l~  of t he  v i raI  
R N A ,  t h e  l a t t e r  was  r e suspended  in T N E  a n d  cen t r i fuged  
in a l inear  sucrose dens i t y  g r a d i e n t  5 - 2 0 %  p r e p a r e d  in 
T N E  (20,000 r p m  for 18 h in a S W  27.1 ro to r  of t i le same  
centr i fuge) .  F igure  1B shows t h a t  R N A  of T B E V  sedi- 
m e n t s  a t  45 S. 

D N A  f rom H E p 2  cells non - in fec t ed  and  chron ica l ly  
in fec ted  w i t h  T B E V  (Hep2-Sof  sys tem)  was isola ted as 
follows. The  ceils were su spended  in T N E ,  d i s r u p t e d  in a 
D o u n c e  homogenizer ,  t h e  nucle i  were s e d i m e n t e d  a t  
1000 g for 5 ra in  a n d  t h e r e a f t e r  w a s h e d  twice  b y  cent r i -  
fuga t ion  (5000 g, 10 min)  t h r o u g h  0.25 M sucrose p r e p a r e d  
in  T N E .  D N A  was e x t r a c t e d  b y  p h e n o l  a n d  0.5% sod ium 
dodecy l  su l fa te  a n d  p r e c i p i t a t e d  b y  e thanol .  T h e r e a f t e r  
D N A  was r e suspended  in T N E ,  passed  severa l  t i m e s  
t h r o u g h  a t u b e r c u l i n  syr inge  a n d  R N A  a d m i x t u r e  was 
h y d r o l y z e d  b y  0.5 b l  N a O H  a t  37~ for 16 h. Af te r  
neu t r a l i za t ion ,  D N A  was p r e c i p i t a t e d  b y  e t hano l  and  
s to red  a t  - -20 ~ 

R N A - D N A  h y b r i d i z a t i o n  was pe r fo rmed  in f o r m a m i d e  
w i t h  s u b s e q u e n t  c e n t r i f u g a t i o n  of t h e  p r o d u c t s  in caes ium 
sul fa te  g r ad i en t s  s. D N A  was  t a k e n  in excess (0.3-1 mg) 
a n d  was d e n a t u r a t e d  b y  h e a t i n g  a t  90 ~ for 2 ra in  followed 
b y  cooling in ice-water .  3H labeled  v i ra l  R N A  was mixed  
w i t h  D N A  in 50% I o r m a m i d e  w i t h  0.4 M NaC1 in t he  
v o l u m e  of 0 .2-0.4 ml,  t he  m i x t u r e  was i n c u b a t e d  a t  37 ~ 
for  16 h a n d  t h e r e a f t e r  cen t r i fuged  in caes ium su l fa te  
dens i t y  g r ad i en t s  (1.36-1.72 g/ml) in a Ti50 ro to r  of a 
Spinco 3 cen t r i fuge  a t  35,000 r p m  for 60 h .The g r ad i en t s  
were f r a c t i o n a t e d  a n d  ac id- insoluble  r a d i o a c t i v i t y  was 
c o u n t e d  as above .  

Th ree  r epea t ed  e x p e r i m e n t s  gave  s imi la r  results ,  one 
of wh ich  is s h o w n  in F igure  2. I t  is seen t h a t  T B E V  R N A  
b a n d s  a t  t h e  d e n s i t y  of 1.65 g/m1 in  caes ium su l fa te  
g r ad i en t s  (Figure  2A, D G). H y b r i d i z a t i o n  of t h e  v i rus  

R N A  w i t h  D N A  f rom non- in fec ted  H E p 2  cells does no t  
change  essent ia l ly  t he  d i s t r i b u t i o n  of t he  r ad ioac t ive  
label  in t h e  g r a d i e n t  (Figure 2B,  E, H). H y b r i d i z a t i o n  of 
t h e  v i rus  R N A  w i t h  D N A  f rom chronica l ly  v i rus-  
infec ted  H E p 2 - S o f  ceils essent ia l ly  changes  d i s t r i b u t i o n  
of t he  r ad ioac t ive  labe l :  a p a r t  of i t  b a n d s  a t  t he  dens i ty  
of 1.45 g /ml  t h a t  is cha rac t e r i s t i c  for  DNA, label led  (in 
our  case) w i t h  f r a g m e n t s  of RNA,  and  a n o t h e r  p a r t  of the  
label  occupies  a zone w i t h  t he  densi t ies  of 1.60 to  1.52 g /ml  
t h a t  is cha rac t e r i s t i c  for R N A :  D N A  hyb r id s  (Figure  2C, 
F, J), 

The  d a t a  p re sen ted  al low to conclude  t h a t  the  genome 
o f  H E p 2 - S o f  cells chron ica l ly  in fec ted  w i t h  T B E V  
con ta ins  D N A  sequences  homologous  to  t he  v i rus  RNA,  
whi le  such  sequences  are a b s e n t  in  t he  genome of non-  
infec ted  H E p 2  cells. I n c o r p o r a t i o n  of D N A - t r a n s e r i p t s  
of t he  v i rus  R N A  in to  t he  cel lutar  genome  m a y  be  a n  
add i t i ona l  m e c h a n i s m  for t he  chronic  pers i s tence  of the  
v i rus  in  t he  cells. I n  our  case t r a n s c r i p t i o n  of t he  v i rus  
R N A  in to  d o u b l e - s t r a n d e d  D N A  m i g h t  be  due  to  t h e  
presence  of a l a t e n t  O n c o r n a v i r u s  in  t t E p 2  ceils, as has  
been  a l r eady  m e n t i o n e d .  W h e t h e r  i t  is a pecul ia r  pheno-  
m e n o n  i n h e r e n t  in t he  s y s t e m  s tudied ,  or a more  genera l  
m e c h a n i s m  of some chronic  v i r a l  infect ious,  t h i s  is t he  
sub jec t  of our  f u r t h e r  s tudy .  

BblBOjJ, bI. klcc,~eROBaHa CHCTeMa ~JmTOK (HEp2-Co(p), 
B ~<OTOpblx 6onee 13 aeT noRRep)KHsaeTc~ xpoHHuec~an 
nepcHCTeHt~I~ BHpyca KJIetUeBOF0 3HIleqbaJIHTa. B OIIblTaX 
MOaeKynnpHO~ rnSpn/m3auH~ PHI (  Bnpyca KnemeBoro 3H- 
ae~anHTa c )2HK n3 n~;ep ~<neToK HEp2-Coqb ycTauon~eHo 
Ha:tnqHe B reHoMe 3THX KJIeTOK llOCJIeRoBaTe~bHOCTefi ,1]~[-t[-(, 
rOM0aOrUqHbIX BHpycHofi PHI( .  STH nocneao~aTenbHOCTU 
0TCyTCTBymT B ne3apa~KeHHbiX ~:mTKa• HEp2.  
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T h e  V e l o c i t y - D e p e n d e n c e  of M y o s i n  C r o s s - B r i d g e  
O s c i l l a t o r y  C o n t r a c t i o n s  of Insec t  F ibr i l lar  M u s c l e  

M o v e m e n t  of m y o s i n  cross-bridges,  pu l l ing  u p o n  
a t t a c h m e n t  to  t h e  ac t in  t he  t h i n  f i l amen t s  t o w a r d s  t i le  
cen t re  of t h e  sarcomere ,  has  been  genera l ly  imp l i ca t ed  in 
t he  m e c h a n i s m  of ac t ive  t en s i on  g e n e r a t i o n 1 - 3  E v i d e n c e  
for  such  an  axia l  m o v e m e n t  of t he  cross-br idges  was 
der ived  f rom i n t e n s i t y  changes  in t he  145 ~ mer iodona l  
ref lec t ion  in a c t i v a t e d  v e r t e b r a t e  ske le ta l  ~ a n d  insec t  
f l igh t  muscle  5, 6. W h e n  t he  145 ~ re f lec t ion  was m o n i t o r e d  
d u r i n g  s inuso ida l  l e n g t h  changes  a t  a power -p roduc ing  
f r equency  of 4 Hz  i t  was found  t h a t  t h e  i n t e n s i t y  va r i ed  
inverse ly  in phase  w i t h  t he  ac t ive  t e n s i o n L  Thus ,  u n d e r  
t h e  cond i t ions  i n v e s t i g a t e d  t h e  e x t e n t  of t he  ax ia l  
m o v e m e n t  of t h e  cross-br idges  was d i r ec t ly  p r o p o r t i o n a l  
to  t he  a m o u n t  of t ens ion  developed.  

To s t u d y  the  k ine t ics  of c ross-br idge  m o v e m e n t  in  
r e l a t ion  to  t en s ion  d e v e l o p m e n t  insec t  f ibr i l la r  muscle  has  

M o v e m e n t  and T e n s i o n  D e v e l o p m e n t  in 

been  al lowed to pe r fo rm s inusoida l  ex tens ion-and- re l ease  
cycles a t  d i f fe ren t  f requencies  and  ampl i tudes .  B y  
record ing  t h e  i n t e n s i t y  changes  in t h e  145 ~_ ref lec t ion 
some i n f o r m a t i o n  has  been  o b t a i n e d  as to  t h e  n u m b e r  of 
cross-br idges  chang ing  t h e i r  angle  w i t h  t he  myos in  
f i l a m e n t  axis  4-6 a t  a n y  p a r t i c u l a r  m o m e n t  in  response  to 
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h igher  and  lower  veloci t ies  of l e n g t h  changes  unde rgone  
b y  t he  muscle  in  presence  of 10 .7 and  10 5 M Ca 2+. 

Material  and methods. Bund les  of 20 f resh ly  g lyce r ina t ed  
f ibres f rom the  dorsa l  l ong i t ud i na l  muscle  of t he  g i a n t  
w a t e r  bug  Lethocerus colossicus were glued a t  a free f ibre  
l eng th  of 5 m m  on to  a pa i r  of glass rods,  one  connec t ed  
to a s t r a i n  gauge t e n s i o n  t r a n s d u c e r  t h e  o t h e r  to  a vi-  
b r a t o r  7. The  f ibre  b u n d l e  was i m m e r s e d  in i t i a l ly  in a 
r e l ax ing  so lu t ion :  15 m M  ATP,  7 m M  MgCls, 5 m M  
Na-azide,  5 m M  E G T A ,  a n d  20 m M  K - p h o s p h a t e  buffer ,  
p H  6.8; t h e  ionic s t r e n g t h  was a d j u s t e d  to  0.12 w i t h  KC1. 
The  f ibres  were t h e n  e x t e n d e d  b y  1% and  4 %  above  t h e  
l e n g t h  where  t h e y  were no  longer  s lack and  t r a n s f e r r e d  
a t  t h i s  new l e n g t h  to t he  a c t i v a t i n g  solut ion,  t he  Ca 2+ 
level  of w h i c h  was s tab i l i zed  b y  a C a E G T A / E G T A  
bufferT, s a t  e i t he r  10 .7 or 10 -5 M.  

Fo r  t h e  X - r a y  m e a s u r e m e n t s  a H u x l e y - H o l m e s - t y p e  
r o t a t i n g  anode  X - r a y  t u b e  a n d  a c a m e r a  s imi la r  to  t h a t  
of HUXLEY a n d  BROWN 4 was  used. T he  X - r a y  b e a m  cross- 
sec t ion  was  co l l ima ted  before  t h e  spec imen  to  a spo t  of 
150 • 180 ~zm. The  spec imen  was  o r i en ted  to  give m a x i m a l  
a b s o r p t i o n  w i t h  t h e  a id  of a mi r ro r  pos i t ioned  a t  45 ~ 
The  en t i r e  i n t e n s i t y  of t he  i n n e r m o s t  m e r i o d o n a l  spot ,  
t he  145 .~ re f lec t ion  (which could be  o b t a i n e d  b y  p lac ing  
a lead m a s k  in t he  focal p lane)  was  m e a s u r e d  by  s a m p l i n g  
t he  d i rec t  b e a m  (120 x 280 Ixl3~ ) w i t h  a d ig i t a l  coun t e r  5, 6. 
The  or ig ina l ly  s t r o n g  145 A i n t e n s i t y  in  t h e  r e l ax ing  
so lu t ion  was recorded  for each  b u n d l e  as reference  value ,  
g iv ing  an  ave rage  c o u n t i n g  r a t e  of 5740 coun t s  pe r  m i n u t e  
(cpm). The  c o u n t s  r ecorded  eve ry  10, 12.5, 20 or 100 msec 
of t h e  osci l la t ion cycle were  a c c u m u l a t e d  for  20 m i n  
per iods  and  t h e  aggrega te  of c o u n t s  c o m p a r e d  w i t h  t h e  
ac t ive  tens ion .  The  resu l t s  were cor rec ted  for a b a c k g r o u n d  
c o u n t i n g  r a t e  of 32-56 cpm. T he  i n t e n s i t y  changes  a t  145 

d u r i n g  s inuso ida l  osc i l la t ion  in a c t i v a t i n g  so lu t ion  h a v e  
been  expressed  re l a t ive  to t he  i n t e n s i t y  of t he  f i r s t  
e q u a t o r i a l  re f lec t ion  def ined  as AE~R. T he  f i rs t  e q u a t o r i a l  
layer- l ine  r ep resen t s  a r ep roduc ib le  h i g h - i n t e n s i t y  s t an -  
d a r d  w h i c h  r ema i ns  essent ia l ly  u n c h a n g e d  f rom one 
muscle  to  ano the r ,  whi le  in  c o n t r a s t  t h e  in i t ia l  i n t e n s i t y  
of t h e  145 ~ re f lec t ion  in t h e  r e l axed  muscle  f ibres  can  
v a r y  be tween  1 5 - 2 3 %  E~]~. B y  p l o t t i n g  on ly  r e l a t ive  
changes  in t e r m s  of f r ac t iona l  i n t ens i t i e s  of t h e  E ~  t h e  
p r o b l e m  of a v a r i a t i o n  in t h e  base  l ine i n t e n s i t y  is 
c i r c u m v e n t e d .  I n  abso lu t e  t e r m s  t h e  145 A i n t e n s i t y  
decreased  b e t w e e n  4-40~ u n d e r  t h e  cond i t ions  g iven  in 
t h e  Figure .  
Results. I n  s inuso ida l  ex tens ion- re lease  cycles of a c t i v a t e d  
muscle  i n f o r m a t i o n  on t he  m e c h a n i c a l  p rope r t i e s  can  be  
o b t a i n e d  f rom t h e  shape  of t h e  l e n g t h - t e n s i o n  loop and  
t h e  a m o u n t  of ac t ive  t en s i on  developed.  T he  ve loc i ty  of 
t h e  r e l a t ive  f i l a m e n t  d i s p l a c e m e n t  be t w een  t he  ac t i n  
a n d  m y o s i n  f i l amen t s  c an  be  ca lcu la ted  di rect ly ,  as i t  is 
t he  p r o d u c t  of t h e  r m s - v a l u e  of t he  p e a k  osci l la t ion  
a m p l i t u d e  t imes  t h e  angu l a r  f requency .  I n  t he  exper i -  
m e n t s  shown  in t h e  F igure  t he  ef fec t ive  veloci t ies  of 
t h e  imposed  c o n t r a c t i o n - r e l a x a t i o n  cycles h a v e  been  
v a r i e d  be tween  0.11 ram/see  a t  1 H z  and  1% p e a k - t o - p e a k  
(p-p) ampl i t ude ,  0.665 ram/see  a t  1 Hz,  6 %  p p, 1.65 m m /  
sec a t  15 Hz,  1% p-p, a n d  13.3 m m / s e c  a t  20 Hz,  6 %  p-p.  
A t  t he  free f ibre  l e n g t h  of 5 m m  t he  l a t t e r  ve loc i ty  
co r responds  to a s h o r t e n i n g  ve loc i ty  of 2.6 muscle  
lengths /sec .  As t h e  cross-br idges ,  or ig ina l ly  a t  r i g h t  
angles  to  t he  myos in  f i l a m e n t  axis, change  t h e i r  angle  upon  
a t t a c h i n g  to  t he  ac t i n  ~-6, i t  is on ly  to  be  expec ted  f rom 
p rev ious  f ind ings  t h a t  w h e n e v e r  osc i l la tory  t ens ions  are  

p roduced  t he  145 A i n t e n s i t y  should  decrease  (see Figure) .  
A t  t he  lower veloci t ies  the  changes  in  ac t ive  t ens ion  

a n d  in t he  145 ~ i n t e n s i t y  va r i ed  inverse ly  in phase,  as 
r epo r t ed  p rev ious ly  5. Th i s  effect  was i n d e p e n d e n t  of t he  
Ca ~+ concen t r a t i on ,  a l t h o u g h  t he  n u m b e r  of cross-br idges  
unde rgo ing  a n  ax ia l  m o v e m e n t  is a lmos t  doub led  on  
ra i s ing  t h e  Ca 2+ c o n c e n t r a t i o n  f rom 10 -7 to  10 .5 ]~r 
(Figure).  W h e n  t he  ve loc i ty  was increased  to  0.7--1.5 m m /  
sec t he  m a x i m u m  of t he  i n t e n s i t y  decrease  was progres-  
s ively lagging b e h i n d  t he  t ens ion  m a x i m u m  in t he  course 
of t he  osci l la t ion cycle (see for example  t h e  10 Hz  d a t a  in 
the  Figure) .  However ,  a t  h igher  veloci t ies  t he  145 .~ 
i n t e n s i t y  a n d  t he  t en s ion  change  a p p r o x i m a t e l y  in an t i -  
phase  again,  n o t  cons ider ing  ce r t a in  a s y m m e t r i e s  for 
hal f  t he  osci l la t ion cycle. 

W h i l e  a t  10 .7 2i~ Ca2+ m a x i m a l  work  equa l  to  0.27 ~zcal 
f ib re / ra in  was p roduced  a t  a f r equency  of 10 Hz,  t h i s  was  
sh i f ted  to  15 Hz  a t  10 -5 M Ca 2+ w i t h  0.69 [zcal /f ibre/min 
work  per formed.  Thus,  a m a x i m a l  i n t e n s i t y  change  wh ich  
a t  10 -7 M occurs  a t  15 Hz  a n d  a t  10 .5 M Ca 2+ a t  1 Hz  
does no t  coincide w i t h  m a x i m a l  power  ou tpu t .  F u r t h e r ,  
t he  a m o u n t  of t ens ion  deve!oped is b y  no m e a n s  p ropor -  
t i o n a l  to  t he  changes  in 145 A in tens i ty ,  if one for example  
compares  t he  va lues  for 1 Hz, 1% and  10 .7 M Ca z+ a n d  
for 20 Hz, 6% and  10 .5 M Ca 2+ wh ich  give s imi la r  t ens ion  
m a x i m a .  

A t  m a x i m a l l y  a c t i v a t i n g  Ca ~+ levels  of 10 -~ M t h e  
n u m b e r  of cross-br idges  c h a n g i n g  the i r  angle  d u r i n g  t he  
c o n t r a c t i o n  and  r e l a x a t i o n  phase  (as i nd i ca t ed  b y  t he  
m a x i m a  and  m i n i m a  of t he  i n t e n s i t y  changes)  decreases  
t o w a r d s  h ighe r  velocit ies.  Before  t h e  muscle  becomes  
pass ive  aga in  and  no f u r t h e r  i n t e n s i t y  changes  a t  145 
can  be  de t ec t ed  t he re  is a cr i t ica l  ve loc i ty  a t  a b o u t  
2.5 muscle  l eng ths / sec  where  t he  f ibres  are doing  work  for  
on ly  ha l f  t h e  osci l la t ion per iod  so t h a t  t h e  l eng th-  
t ens ion  loop ha s  t he  shape  of a f igure-of-e ight  (Figure) .  
I f  one  ca lcu la tes  5, 6 t h e  m i n i m u m  f r ac t ion  of cross-br idges  
wh ich  m u s t  m o v e  ax ia l ly  b y  a b o u t  100 A to  give t he  
obse rved  m a x i m a l  i n t e n s i t y  decreases  t h e  e x t r e m e  va lues  
are 10% a t  20 Hz,  6 %  p-p  and  35% a t  1 Hz,  1% p-p  in 
p resence  of 10 -B M Ca 2+, be ing  18% a t  1 Hz,  1% p-p  a n d  
10 -7 M C a  24-. 

Discussion. The  results ,  c lear ly  p rov ide  a cr i t ical  t e s t  
for a n y  c h e m o m e c h a n i c a l  mode l  of m u s c u l a r  con t rac t ions ,  
as t h e  sp l i t t i ng  of A T P  m u s t  be closely l inked  to  t h e  cyclic 
cross-br idge  m o v e m e n t  4. B o t h  t he  Ca 2+ level  and  t he  
ve loc i ty  of muscle  s h o r t e n i n g  a n d  l e n g t h e n i n g  h a v e  been  
shown  to  affect  t he  r e l a t i on  be tween  t en s ion  d e v e l o p m e n t  
and  t he  change  in cross-br idge  angle.  A t  t h e  low levels  of 
10-7 M Ca ~+ t he  g rea tes t  e x t e n t  of c ross-br idge  m o v e m e n t  
occur red  a t  t h e  h ighe r  veloci t ies  of r e l a t ive  f i l a m e n t  
,d i sp lacement  whi le  a t  10 .5 M Ca ~+ m o s t  cross-br idges  
changed  the i r  angle  a t  t he  lowest  imposed  veloci ty .  

A t  osci l la t ion f requencies  of 1-5 H z  t h e  t ens ion  a n d  
i n t e n s i t y  changes  m a y  be  in phase  because  t he  cross- 
br idges  are  synch ron ized  w i t h  t he  m y o s i n  r e m a i n i n g  
ac tua l l y  a t t a c h e d  to  t h e  a c t i n  ove r  t he  whole  cycl ing  
period.  A t  imposed  osci l la t ions  of 10 Hz  some of t h e  
m y o s i n  br idges  m a y  be  forc ib ly  s t r e t c h e d  e i the r  d iss ipat -  
ing t h e i r  ene rgy  as h e a t  or us ing  i t  for  t h e  r e syn thes i s  of 
A T P  s before  t h e y  are  able  to  gene ra t e  a n  ac t ive  force. 
Such  cross-br idges  would  fail  to  c o n t r i b u t e  to  t h e  t o t a l  
t ens ion  p roduced  whi l s t  comple t ing  t h e i r  ope ra t i ona l  
cycle. A t  osci l la t ion f requencies  of 15-20 Hz  the re  m a y  
be  ye t  a n o t h e r  synch ron i z ing  effect  for t h e  h i g h  veloci t ies  
of t h e  s inuso ida l  l e n g t h  changes  m a y  decrease  suff ic ient ly  

7 R. H. ABBOTT and R. A. CHAPLAIN, J. Cell Sci. 7, 311 (1966). s M. ULBRICH and J. C. ROEGG, Experientia 27, 45 (1971). 
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to allow c r o s s - b r i d g e  a t t a c h m e n t  o n l y  w h e n  the m u s c l e  
p a s s e s  t h r o u g h  i t s  s t a t i c  m e a n  l e n g t h .  

Zusammen/assung. R 6 n t g e n s t r u k t u r a n a l y s e n  ze igen ,  
d a s s  d ie  B e z i e h u n g  z w i s c h e n  s i n u s o i d a l e r  K r a f t e n t -  

9 Present address: Physiologisehes Inst i tut  der Universit~tt Mainz, 
D-65 Mainz (DeutschIand). 

e n t w i c k l u n g  u n d  de r  K i n e t i k  d e r  M y o s i n b r i i c k e n z y k l e n  
y o n  d e r  O s z i l l a t i o n s g e s c h w i n d i g h e i t  abh~ingt .  
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E x c i t a t i o n  a n d  I n h i b i t i o n  o f  H y p o t h a l a m i c  N e u r o n s  b y  C e r e b e l l a r  S t i m u l a t i o n  i n  R a b b i t s  

A n u m b e r  of  i n v e s t i g a t i o n s  h a v e  s h o w n  a u t o n o m i c  
r e s p o n s e s  to  be  c a u s e d  b y  s t i m u l a t i o n  of t h e  c e r e b e l l u m  ~-8 
H o w e v e r ,  t h e r e  is  n o  a g r e e m e n t  a s  t o  w h e t h e r  t h e  h y p o -  
t h a l a m u s  is  i n v o l v e d  in  t h e  p r o d u c t i o n  of  t h e s e  re-  
s p o n s e s  4-s. T h e  p r e s e n t  e x p e r i m e n t  w a s  u n d e r t a k e n  t o  
r e v e a l  i n f l u e n c e s  of c e r e b e l l a r  s t i m u l a t i o n  on  u n i t a r y  
a c t i v i t y  in  t h e  h y p o t h a l a m u s .  

Methods. 17 a d u l t  r a b b i t s  we re  u s e d .  T h e y  we re  a n e s t h e -  
t i z e d  w i t h  i v .  i n j e c t i o n  of  u r e t h a n e  (0.5 g /kg) .  A l t e r  
f i x i n g  t h e  h e a d  of  t h e  r a b b i t  in  a s t e r e o t a x i c  a p p a r a t u s .  

a b i p o l a r  e l e c t r o d e  of  s t a i n l e s s  s t ee l  w i re  w i t h  a t i p  
s e p a r a t i o n  o f  1.0 m m  w a s  i n s e r t e d  i n t o  t h e  c e r e b e l l u m .  I t  
w a s  k e p t  in  p l a c e  a t  a d e p t h  a t  w h i c h  b r i e f  e l e c t r i c a l  
s t i m u l a t i o n  a t  100 H z  p r o d u c e d  m o s t  p r o m i n e n t  p u p i l l a r  
d i l a t a t i o n s .  

E l e c t r i c a l  s t i m u l i ,  c o n s i s t i n g  of  0.1 m s e c  s q u a r e  w a v e s  
r e p e a t e d  a t  100, 200 or  300 H z ,  we re  d e l i v e r e d  o n c e  p e r  
2 sec  for  a 30 t o  50 m s e c  p e r i o d .  E C G  r e c o r d i n g  s h o w e d  
t h a t  t h i s  c e r e b e l l a r  s t i m u l a t i o n  c a u s e d  n o  c h a n g e s  in  
h e a r t  r a t e .  A t  t h e  e n d  o f  e a c h  e x p e r i m e n t ,  a n  e l e c t r o l y t i c  
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A) A sample record showing excitation�9 Cerebellar stimulations are marked by short horizontal bars. Single spikes were evoked toward the 
end of stimulus train. Positivity, downward. B), C) and D) Dot displays of spike discharges from another neuron. B) and D) control records 
taken before and after C), respectively�9 C) Early excitations followed by long-lasting suppressions due to cerebellar stimulation taken with 8 
pulses at 200 Hz. E) A sample record showing inhibition. F), G) and H) Dot displays of spike discharges from another neuron. F) and H) 
Control records taken before and after H), respectively. H) Suppressions of spike discharges, immediately consequent upon cerebellar stim- 
ulation with a train of 8 pulses at 300 Hz. I) A plot of spontaneous firing rates of hypothalamic neurons as a function of the recording depths 
measured from the cortical surface. Open circles, excitation (number of units, 22). Filled circles, inhibition (16). 


