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weight  = 4.1 • 2.3 mg. The muscle b a t h  was held a t  
24~ and  the  subs t r a t e  was b u t y r a t e  (10 mM).  I sometr ic  
con t rac t ions  were  ellicited (10 V, 2 ms) and the  resul t ing 
tw i t ch  tens ion (~) and  t ime  der iva t ive  (~) were recorded.  
i n  addi t ion,  the  metabol ic  ac t iv i ty  was moni to red  by  
recording changes  in the  in t r ami tochondr i a l  N A D H / N A D  
rat io using a mic ro f luoromete r  5. Each  muscle was sub- 
jec ted  to a series of 15 twi t ches  a t  7 d i f fe rent  f requencies;  
bovine insulin (10 mU/cc ;  Sigma Corp.) added  and  the  
series repeated .  

To combine  the  results  f rom the  individual  exper iments  
the  ra t io  of the  mechanica l  response wi th  insulin and the  
controI  values a t  each f requency  was formed.  These were 
combined  among  expe r imen t s  to obta in  the  cumula t ive  
results.  By combin ing  the  da t a  in this  way, the  errors 
due to in te r -an imal  differences are minimized.  Signif icant  
differences were de t e rmined  using the  pai red t - tes t  and 
the  Fisher  cumula t ive  Z 26. The significance level was 0.01. 

Results. The ne t  effect  of the  addi t ion  of insulin is 
given in the  table  below: 

Pmax: 1.00 -~ 0.14 "r: 1.22 -6 0.06 
TPT: 0.97 ~ 0.04 }m~x: 1.29 -6 0.05 

~min: 1.38 -6 0.11 

Values given are mean  ~_ S.E.M. rat ios (insulin/control) 
for all frequencies.  N = 11. Pma•  Max imum change  in 
N A D H  fluorescence;  T P T  = t ime to  peak  tens ion ;  T 
peak  twi t ch  tens ion;  v = d}/dt .  

fnsuIin did no t  s ignif icant ly  al ter  e i ther  the  metabol ic  
response (Pm~) or the  TPT.  However ,  there  is a signifi- 
cant  increase (22%) in tw i t ch  tension (T) which is ac- 
companied  by  a cor responding  increase in b o t h  the  
m a x i m u m  and m i n i m u m  t ime der iva t ive  of the  tens ion  
(~m~x and  ~,~i~). The dependance  upon  f requency  for th is  
inotropic  effect  is shown in the  figur e. E x c e p t  a t  the  
s lowest  f requency  (0.025 Hz), the  increase in b o t h  r and 
}m~ would appear  to  be cons tan t ,  i n d e p e n d e n t  of fre- 

quency.  The a p p a r e n t  drop  off a t  v = 0.6 Hz  is due  to 
the  muscle becoming  hypoxic  as indica ted  by  the N A D H  
fluorescence signal7. P re l imina ry  exper imen t s  (N = 6) to 
de te rmine  the  t e m p e r a t u r e  sens i t iv i ty  of this  inotropic  
effect  show no change in the  funct ional  relat ion b u t  an 
increase in the  magn i tude :  

T~/vc (23~ = 1.17 ~ 0.04 vs r~/Tc (30~ = 1.3. =c 0.03. 

Discussion. The da ta  p resen ted  here clearly show t h a t  
insulin is an inotropic  agent .  This effect  would appear  to 
be f requency  i n d e p e n d e n t  (figure) bu t  the  magn i tude  is 
sensi t ive to  t empera tu re .  The increase in z is paral le led 
by  a cor responding  increase in 6~ax. This mu tua l  increase 
is reflected by  no change  in the  TPT.  These da t a  sugges• 
t h a t  the  inot ropic  effect  of insulin is due to an increase in 
the  a m o u n t  of calcium available for release ra ther  t h a n  
a change in the  kinetics e.g. theophyl l ine  or epinephrine.  

Recen t  repor t s  s-~0 have  indica ted  t h a t  insulin causes 
release of m e m b r a n e  bound  Ca++ into the  cytoplasm.  
This effect  of insulin could explain the  da t a  repor ted  here. 
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Ret icu lar  P o t e n t i a l s  E v o k e d  by Electr ica l  S t i m u l a t i o n  of Ind iv idua l  S e m i c i r c u l a r  Canals  1 
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Summary.  Responses  of pon t ine  ret icular  fo rmat ion  neurons  following single shock electrical s t imula t ion  of single 
semicircular  canals  were recorded wi th  t ungs t en  microelectrodes  in 40 curar ized guinea-pigs.  The field and un i t a ry  
po ten t ia l s  ob ta ined  f rom 62 re t icular  sites, exh ib i t ed  l a tency  values ranging f rom 0.3 to  2.5 msec. The early latencies 
(0.3-0.5 msec) have  been in t e rp re t ed  as responses  med ia ted  by  p r i ma ry  ves t ibu lar  fibres pro jec t ing  direct ly  to the  
re t icular  substance .  

The re la t ionships  be tween  the  ves t ibular  appa ra tus  and  
the  brain  s t em re t icular  fo rmat ion  (RF) have  been 
previously  invest igated~-% showing t h a t  the  R F  is 
ac t ive ly  involved,  especial ly in the  control  of eye move-  
ments .  In  fact,  electr ical  s t imula t ion  of t he  whole  ves- 
t ibu lar  nerve elicited evoked responses in the  pon to -  
medul la ry  ret icular  subs tance  7. Fur the rmore ,  separa te  
the rmic  s t imula t ions  of single semicircular  osseous canals,  
in the  guinea-pig, showed dif ferent  pa t t e rn s  of conver-  
gence of the  ampul l a ry  inpu t  on pa ramed ian  pon t ine  
ret icular  units  s. Therefore,  electrical s t imula t ion  of 
single ampul lae  seemed in teres t ing  in order  • s t u d y  the  
possible specifici ty of represen ta t ion  of a given semicir-  
cular canal  in the  re t icular  nuclei and to elicit field and 
un i t a ry  poten t ia l s  eva lua t ing  the i r  latencies.  
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In  the  p resen t  research 40 guinea-pigs were employed.  
The animals  were anaes the t ized ,  t racheotomized ,  f ixed 
in a s tereotaxic  appara tus .  The ampul lae  of anter ior  and  
lateral  osseous canals  were bi la teral ly  exposed and  a hole 
(diameter  1 ram) was made  in each osseous ampul la ,  
where  bipolar  electrodes made  f rom 0.5 m m  copper  wire 
insula ted except  a t  the  t ip,  were in t roduced  and f ixed 
wi th  acrylic den ta l  cement .  Rec tangu la r  pulses 0.1 msec 
in dura t ion  a t  a ra te  of 1/sec for a per iod of 5-15 sec were  
del ivered th rough  the  s t imula t ing  electrodes to  the  
ampul la ry  receptors .  The lowest  s t imula t ion  vol tage  able 
to  induce eye n y s t a g m u s  bea t ing  on the  plane of the  
s t imula ted  canal  according to  FLOIJRENS' law 9, was t aken  
as the  th reshold  value (T), which ranged  f rom 1 to 8 V. 
The s t imula t ion  cur ren t  intensi t ies  cor responding  to these  
vol tages  were calcula ted to range f rom 70 vA to  600 ~A. 
The animals  were t h e n  curarized,  ma in t a ined  under  
artificial  respi ra t ion  and the  dorsal  surface of cerebel lum 
was exposed.  A t ungs t en  microelect rode (tip d iamete r  
1 8 tzm; res is tance 300-600 IKD), connec ted  t h r o u g h  a 
P5 Grass preampli f ier  to a beam of a Tekt ron ix  565 dual  
b e a m  oscilloscope and to  a channel  of a 5480 A Hewle t t -  
Packa rd  signal analyzer,  was dr iven  into the  pons.  The 
histological  controls  pe r fo rmed  in all the  exper iments ,  in 
order  to ascer ta in  the  exac t  pos i t ion of t he  recording 
microelect rode t ip,  showed t h a t  t he  recorded si tes were 
localized ma in ly  in the  nucleus ret icularis  (n.r.) pont i s  
caudalis,  n.r. pont i s  oralis, n.r. t egmen t i  pont is ,  n.r. 
gigantocellularis  and n. r. lateralis. 

A, B: reticular unitary potentials evoked by electrical stinlulation 
of ipsilateral anterior canal in A (latency 0.3 msec) and of contra- 
lateral anterior canal in B (latency 1.5 msee), a-d: reticular field 
potentials elicited by individual electrical stimulation of the 2 
ipsilateral and the 2 contralateral ampullae. Note the early latency 
potential (0.4 msec) in c. Each trace represents the average of 32 
responses. Calibration: Time i msee; amplitude 100 ~xv. The arrows 
indicate the stimulus artifact. 

The possibiI i ty  of cu r ren t  diffusion to the  ne ighbour ing  
ampul la r  receptors  and  to the  aud i to ry  l aby r in th  was 
t aken  into considerat ion.  According to TOKUMASU et  al. 1~ 
s t imulus  spread  is no t  s ignif icant  if vol tages  2.5-3 T are 
used:  in fact,  the  recorded field poten t ia l s  reached  a 
p la teau at  2.5-3 T; onIy when  increasing fu r ther  the  
s t imulus  in tens i ty ,  the  p la teau  was in t e r rup ted  by  a new 
phase  of g rowth  due to  cur ren t  spread to ne ighbour ing  
s t ructures .  Therefore,  h igh  s t imulus  values were never  
utilized. As for direct  cu r ren t  diffusion to brain  stem, it 
can  be excluded,  consider ing t h a t  the  ampul la r  s t im-  
ula t ion evoked in the  ves t ibu lar  nuclei the i r  typ ica l  pa t -  
t e rn  of reponse  (P, N1, N,  components)  while, in the  
ret icular  substance,  d i f fe rent  field potent ia ls  w i th  dif- 
fe rent  shape  and longer latencies  were observed.  Besides, 
for the  ret icular  evoked responses it was necessary  to 
double the  least  s t imula t ion  vol tage needed to evoke the  
ves t ibular  field po ten t i a l s<  The ret icular  po ten t ia l s  were 
also d i s t inc t  from those  of the  medial  longi tudinal  
fascicle (MLF) which  were more  c i rcumscr ibed and of 
smaller  ampl i tude .  

Evoked  field poten t ia l s  (Figure, a-d)  elicited by  the  
s t imula t ion  of ipsi lateral  and cont ra la te ra l  ver t ical  and 
hor izonta l  canals exh ib i ted  di f ferent  wave form, am- 
pl i tude (from 100 to 400 tzV) and polari ty.  Their  onset  
latencies ranged f rom 0.3 to 2.5 msec, wi th  mos t  f r equen t  
values of 0.8-1.3 msec. U n i t a ry  poten t ia l s  (Figure A, B) 
were also recorded in a small  percentage  of cases, pre- 
sent ing  the  same range of latencies;  shor t  la tencies  (0.3 to 
0.5 msec) were observed only in 4 units .  The field po- 
tent ia ls  could be recorded over  a dorso-vent ra l  ex tens ion  
of app rox ima te ly  2000 am, while the  un i ta ry  ones for a 
m a x i m u m  range of 200 vm. In  the  ret icular  nuclei ex- 
plored, it  was nei ther  possible to  observe any  specif ici ty 
of r ep resen ta t ion  f rom a given semicircular  canal nor  any  
c i rcumscr ibed ves t ibular  pro jec t ion  field. As for the  
ret icular  field poten t ia l s  exhib i t ing  la tency f rom 0.6 to 
1.0 msec, t h e y  could be hypo the t i zed  as belonging to 
axons of secondary  ves t ibu lar  neurons  projec t ing  to RF,  
r a the r  t h a n  to ret icular  ceils. The longer latencies (1.2 to  
2.5 msec) could suggest  the  invo lvement  of re t icular  
neurons  connec ted  to  ves t ibu lar  nuclei by  means  of 
mul t i synap t i c  pa thways .  Difficulties have  arisen in the  
in t e rp re t a t ion  of the  shor t - l a t ency  potent ia ls  (0.3-0.5 
msec), since even a single synap t i c  delay in the  ves t ibu la r  
nuclei could have  not  be  t aken  into account.  These early 
potent ia ls  could be assumed to be:  1. p roduced  by  the  
field po ten t ia l s  due to the  synchronous  ac t iva t ion  of the  
V I I I t h  nerve  fibres or 2. genera ted  by  the  ef ferent  ves- 
t ibular  fibres, s t imula ted  ant idromical ly ,  or 3. the  res- 
ponses  of p r imary  ves t ibu lar  fibres pro jec t ing  to the  
ret icular  substance.  

The first  hypothes i s  can be discarded consider ing t h a t  
the  un i t a ry  potent ia ls  were recorded f rom a de l imi ted  
area of 200 ~nl and the  histological  controls  showed t h a t  
the  recording sites were localized in the  p a r a m e d i a n  
pont ine  re t icular  fo rmat ion  at  a dis tance of app rox ima te ly  
4 m m  from the  8th nerve  entrance.  The second as sumpt ion  
can also be excluded since the  direct  efferent  re t icular  
bundles  arise main ly  f rom cells in the  bulbar  re t icular  
subs tance  a t  the  sides of the  median  raphe  in its dorsal  
half11,12. On the  o ther  hand,  our ear ly  la tency  recordings  
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were t aken  f rom ret icular  nuclei localized more rostral ly  
and laterally,  as shown by  histological  controls.  As for the  
th i rd  hypothes is ,  CAJAL la followed p r ima ry  ves t ibular  
f ibres til l  the  ret icular  fo rma t ion  w i thou t  being able to 
trace,  however ,  the i r  sites of t e rmina t ion  which were, 
later, descr ibed by  BROI)AL a and fu r ther  conf i rmed by  
CARPENTER 14 and GERNANDT 15. According to these  re- 
searchers,  these p r ima ry  fibres would leave the  8th nerve 
t r u n k  before enter ing the  ves t ibu lar  nuclei and reach the  
ret icular  neurons  directly.  P r i m a r y  ves t ibular  fibres have  
been  also r epor ted  to p ro jec t  d i rec t ly  to the  cerebellar  
cor tex  and the  fastigial  nucleus la-16. Ano the r  inter-  
p re t a t ion  of these shor t - la tencies  responses  would be an 
electrotonic  coupling be tween  p r ima ry  afferent  fibres 
and neurons  located e i ther  in the  medial  ves t ibu lar  
nucleus or in the  sur rounding  ret icular  format ion.  The 

exis tence of this  t ype  of gap- junc t ion  synapse  has been 
hypo the t i zed  in the  m a m m a l i a n  abducens  motoneurons  
and in expla ining also latencies of 0.58 msec recorded in 
the  M L F  foIlowing electrical s t imula t ion  of cont ra la te ra l  
ves t ibu lar  nerve  x7. 
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Effect of Prostaglandin E1 on  Rat Gastric Motility and Cyclic Nucleotide Content 
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Summary .  Admin i s t r a t ion  of exogenous p ros tag land in  E~ resul ted in an increase in con t rac t i l i ty  of ra t  fundic  muscle 
measured  in vivo;  a s ignif icant  decrease in fundic t issue levels of cyclic- adenosine  m o n o p h o s p h a t e  and a significant  
increase in cyclic-guanosine monophospha te .  

P ros tag land in  (PG) in te rac t ions  wi th  adenosine  31,51- 
m o n o p h o s p h a t e  (cAMP) have  been s tudied  in associat ion 
wi th  several  d i f ferent  t ypes  of ho rmone  systems*,  2 and  
research involving bi -di rect ional ly  control led mechan i sms  
has i m p h c a t e d  cyclic guanosine 31,51-monophosphate 
(cGMP) as an i m p o r t a n t  regula tor  molecule which  m a y  
ac t  in opposi t ion  to cAMP a. By  in vivo s tudy ing  mot i l i ty  
of the  ra t  fundus,  we have  inves t iga ted  the  re la t ionship  
be tween  cAMP, cGMP, p ros t ag land in  E 1 (PGE1) and  
mot i l i ty ;  P G E  1 should po t en t i a t e  a cAMP decrease wi th  
an increase in mot i l i ty  and a decrease in cGMP should 
paral lel  a decrease in mot i l i ty*.  
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Male H o l t z m a n  ra ts  3-6 mo n t h s  of age, weighing 300- 
325 g were used in the  exper iment .  They  were main ta ined  
in one large cage wi th  a common  source of food (Purina 
Lab  Chow) and water .  The cons t ruc t ion  of the  cage did 
no t  allow chewable  roughage to accumulate .  The ra ts  
were divided into 2 groups:  control  group, consist ing of 
5 ra t s  which received dai ly i. p. in ject ions  of ethanol-iKrebs 
solut ion solventS;  t e s t  group, consis t ing of 5 ra ts  which 
received dai ly  i .p. inject ions of P G E  1 (compliments  of 
Dr. J. PIKE, The U p j o h n  Company,  Kalamazoo,  Mich., 
USA),  4.5 mg/kg  6. Ind iv idua l  ra t  weight  was checked 
dai ly to insure inject ions of proper  dose. 

A t e l eme t ry  sys tem 7 was used to moni to r  s tomach  
moti l i ty .  Af te r  a sui table  plane of anaes thes ia  was  induced 
wi th  ether,  a t ransverse  incision accross the  midline was 
made,  and the  t r ansduce r  was f i rmly su tured  to the  out-  
side fundic area. The b o d y  of the  t r a n s m i t t e r  was placed 
in the  per i toneal  cav i ty  and l ight ly  su tured  to  the  body  
wall to p r ev en t  d isplacement .  

Af ter  implan ta t ion ,  recordings were made  by  connect-  
ing the  d i sc r imina tor  o u t p u t  of an FM radio receiver 
d i rec t ly  to a s t r ip -char t  recorder.  Three  days  were allowed 
for general  recovery  af ter  which  the  t e l eme t ry  sys tem 
was tes ted  for correct  in vivo t ransmiss ion.  Recording 
was s ta r ted  4 days  af ter  implanta t ion ,  and gastr ic  mot i l i ty  
was moni to red  for a per iod of 14 days.  The ra ts  were 
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Standard curves for cyclic-GMP and cyclic-AMP. Each value re- 
presents duplicate trials with mean and SEM. A) cGMP; B) cAMP. 
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