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R h y t h m i c  Wave le t s  R e c o r d e d  f r o m  an in v i tro  P r e p a r a t i o n  of M a m m a l i a n  Ret ina  

In  1953, COBB and  MORTON observed  t h a t  h u m a n  elec- 
t ro re t inograms  showed several  r h y t h m i c  wavele t s  super-  
imposed  on the  ascending  phase  of b-wave 1. This  f inding 
has been conf i rmed by  BORNSCHEIN and  GOODMANN ~, 
HECK and RENDAHL ~ and subsequen t ly  by  m a n y  others .  
I t  has  been  referred to  as osci l la tory po ten t i a l  by  YONE- 
MURA et al. 4. 

Record ing  of electrical  ac t iv i ty  f rom m a m m a l i a n  re t ina  
has  made  grea t  progress  recent ly .  The  m o s t  crucial 
p rob lem in th is  field of s t u d y  is the  di f f icul ty  to keep 
the  excised re t ina  alive in physiological  s t a t e  in vitro.  As 
compared  wi th  the  re t ina  of cold-blooded animals,  t h a t  
of m a m m a l s  is far more  fragile for surgical  procedures .  

In  1960, AMES and GURIAN have  succeeded in keeping  
i t  alive and recording a-, and  b-waves s,". SICKEL et  al. 7, 
I-tANITZSCH a n d  BORNSCHEIN ~ and o thers  succeeded in 
t rac ing  these  waves  in vi t ro  wi th  each unique  me thod ,  
for the  purpose  of research on d i f ferent  p rob lems  of ERG.  
In  1963, PAUTLER and  WILSON recorded c-wave f rom the  
excised m a m m a l i a n  re t ina  w i th  in tac t  p i g m e n t e d  epi the-  
l ium ~. But  a t t e m p t s  to record r h y t h m i c  wavele ts  in v i t ro  
have  been unsuccessful.  In  th is  report ,  r h y t h m i c  wavele ts  
recorded f rom an in v i t ro  p repa ra t ion  of m a m m a l i a n  
re t ina  will be described.  

Mater ia l s  and  methods. (a) Biological p repa ra t ion  pr ior  
to surgical procedure .  Whi t e  rabbi ts ,  weighing abou t  2 kg 
were used. An opaque  con tac t  lens (Figure 2) was sown 
on episelera a t  4 po in t s  w i th  silk suture.  Af te r  da rk  
adap t a t i on  for abou t  2 h, subsequen t  man ipu la t ions  were 
pe r fo rmed  unde r  d im red l ight  a t  room t e m p e r a t u r e  
(25-30 ~ 

(b) Anesthesia .  3 rain pr ior  to operat ion,  inst i l la t ion 
anes thes ia  was induced wi th  2 drops  of 4% Xyloca in  
(Lindocaine Hydrochlor ide) .  I m m e d i a t e l y  before opera-  
tion, con junc t iva l  sack was washed  by  physiologic saline 
solut ion to  remove  the  excess anesthet ics .  No general  
anes thes ia  was given. 

(c) Operat ion.  La tera l  and  medial  can thus  were cut  
o f f  Conjunct iva  was incised abou t  3 m m  from the  edge 
of con tac t  lens and was ref lected to expose ex t raocular  
muscles. Then  the  muscles were cut  one af ter  another .  
During these procedures,  vor t ica l  vessels were no t  dam-  
aged and bulbus  was not  ro t a t ed  bu t  f ixed by  placing 
the  s i tua t ion  m a r k  of con tac t  lens a t  the  r igh t  posi t ion.  
The eye was not  pulled outwards .  VV'hen whole sclera 
was ready  to  be removed,  the  vessels and  optic  nerves  
were cut  f inally wi th  scissors. The excied bulbus  was 
immersed  in an incuba t ion  med ium (see below) and was 
opened at  the  equa to r  as rapid  as possible using a sharp  
blade.  I t  took  app rox ima te ly  5 sec to open the  bulbus.  
The vi t reous and  anter ior  por t ion  of t he  bulbus  were 
t h e n  separa ted  f rom the  pos ter ior  por t ion  composed  of 
ret ina,  choroid and sclera. 

(d) I ncuba t i on  medium.  Ames  solut ion was used (AMEs 
and HASTINGS10). The solut ion was s imilar  to  h u m a n  
cerebrospinal  fluid in its e lectrolyte  p a t t e r n  and con ta ined  
10 m M  of glucose/1. The med ium was equi l ibra ted  by  
bubbl ing  95% O 2 and 5% CO~ for more  t h a n  5 rain. The 
flow ra te  oi gas was  set  2 1/min. No blood p lasma  was 
added  to the  medium,  nor  hyperp ressu re  given. 

(e) Tempera ture .  All man ipu la t ions  men t ioned  above  
were carried out  a t  30 ~ The t e m p e r a t u r e  of incuba t ion  
chamber  was ma in ta ined  a t  35 ~ in a wa te r  b a t h  (Figure 1). 
I t  was assured by  a needle t he rmi s t e r  probe.  

(f) Electr ical  procedure .  A pair  of Ag-AgCI meshwork  
electrodes (1.19 ram square) were used. The e lect rodes  
were located in the  center  of s ep tum of a reac t ion  cham-  
ber. They conform to the  cu rva tu re  of eyebal l  as shown 

in Figure  3. The area  of re t ina  exposed  to  l ight  was  
10 m m  in d iameter ,  and  the  o ther  field was shielded 
f rom light.  The re t ina  p r e p a r a t i o n  was held be tween  the  
electrodes in cons t an t  pressure  by  2 insula ted  pins, and  
was inser ted  to  the  reac t ion  c h a m b e r  as shown in Figure  1. 
The electrodes connec ted  to  an universal  dual  beam oscil- 

Fig. 1. Principle of incubating apparatus: 1, reaction chamber. For 
the sake of explanation, it was drawn relatively enlarged in this 
Figure. 2, septum with meshwork electrodes and preparation iu 
between. It was inserted into the slit of chamber. 3, shielded leading 
wires connected with an universal dual beam oscilloscope. 4, drop- 
pers. They were necessary for the circulating medium of each 
chamber to be insulated. 5, cocks for controlling the flow rate of 
medium. 6, a depot of medium. 7, thermister needle to monitor the 
temperature of medium from outside of shielded room. 8, nozzles 
for bubbling the medinm with a mixture of 95% O 2 and 5% CO~. 
9, agitator of water bath. 10, thermostat. 11, heater. 12, fibre optics. 
Stimulating light was guided to chamber by it. 13, water bath. A 
pair of baths were prepared for temperature control of medium. 
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l o s c o p e  t h r o u g h  p r e a m p l i f i e r s  w i t h  v a r i o u s  t i m e  c o n s t a n t s .  
T h e  e l e c t r o d e  a t t a c h e d  t h e  r e t i n a  w a s  c o n n e c t e d  to  
p o s i t i v e  d e f l e c t i o n ,  w h i c h  w a s  r e c o r d e d  u p w a r d s  in  osc i l -  
l o scope ,  a n d  t h a t  a t t a c h e d  to  t h e  s c l e r a  w a s  n e g a t i v e  
d e f l e c t i o n .  

(g) I n c u b a t i o n  c h a m b e r .  T h e  c h a m b e r  Was  m a d e  of  
t r a n s p a r e n t  m e t h y l  m e t h a c r y l a t e .  I t  w a s  s e p a r a t e d  i n t o  
2 p a r t s  b y  t h e  s e p t u m  i n s e r t e d  a s  d e s c r i b e d  a b o v e .  E a c h  
p a r t  c o n t a i n e d  t h e  m e d i u m  in  a v o l u m e  o f  20 ml .  T h e  
c h a m b e r s  we re  c i r c u l a t e d  b y  t h e  m e d i u m  a t  a c o n s t a n t  
s p e e d  o f  2 m l / s e c  r e s p e c t i v e l y ,  a n d  w e r e  a e r a t e d  con -  
t i n u o u s l y  w i t h  a m i x t u r e  of  9 5 %  O3 a n d  5 %  CO s t h r o u g h  
t h e  n o z z l e s  l o c a t e d  a t  t h e  b o t t o m  of  e a c h  c h a m b e r .  

(h) S t i m u l a t i o n .  T h e  p r i n c i p l e  of  p h o t o  s t i m u l a t o r  
e m p l o y e d  in  t h i s  s t u d y  w a s  t h e  s a m e  as  t h a t  r e p o r t e d  b y  
NAGATA a n d  JACOBSON 11. A t u n g s t e n  l a m p  of  1000 W 
for  s l ide  p r o j e c t o r  w a s  u s e d  fo r  a l u m i n e s c e n t  sou rce .  
T h e  l i g h t  i n t e n s i t y  t o  s t i m u l a t e  t h e  r e t i n a  w a s  v a r i e d  
f r o m  5 - 1 0 , 0 0 0  l u x  (in l o g a r i t h m i c  scale ,  f r o m  0 .7 -4 .0 )  a t  
t h e  s u r f a c e  of  t h e  r e t i n a ,  w h e n  m e a s u r e d  in  air ,  for  c o n -  
v e n i e n c e .  S q u a r e  w a v e  l i g h t  s t i m u l u s  e m i t t e d  f r o m  t h e  
s t i m u l a t o r  w a s  g u i d e d  b y  a f ib re  o p t i c s  to  t h e  c h a m b e r .  
I n t e r v a l  o f  t h e  s t i m u l u s  w a s  0.1 c /sec .  T h e  r e t i n a  in  
r e a c t i o n  c h a m b e r  w a s  g i v e n  a r e s t  for 2 m i n  b e f o r e  t h e  

s t a r t  of  s t i m u l a t i o n .  D u r i n g  a l i m i t e d  p e r i o d  for  p h o t o -  
g r a p h i c  r e c o r d i n g s ,  t h e  g a s  f low w a s  s t o p p e d .  

Results and discussion. F i g u r e  4 r e p r e s e n t s  a t y p i c a l  
E R G  o b t a i n e d  f r o m  a n  in  v i t r o  p r e p a r a t i o n  of  r a b b i t  
r e t i n a .  I n  t h i s  F i g u r e ,  d o m i n a n t  a-,  a n d  b - w a v e  of  re la -  
t i v e l y  low v o l t a g e ,  as  c o m p a r e d  w i t h  t h o s e  in  v ivo ,  a n d  
a s c e n d i n g  p h a s e  o f  c - w a v e  a r e  s h o w n .  H e r e ,  c o n s i d e r a b l e  
a t t e n t i o n  m u s t  be  g i v e n  to  t h e  a s c e n d i n g  p h a s e  of  b -wave .  
T h e r e  a r e  d i s t i n c t  4 r h y t h m i c  w a v e l e t s ,  f o l l o w i n g  al- ,  a n d  
a2 -waves .  T h i s  is a n e w  f i n d i n g  on  m a m m a l i a n  EIRG in  
v i t r o .  F r e q u e n c y  of  t h e s e  4 w a v e l e t s  is a b o u t  200 c /see ,  

11 M. NAGATA and J. H. JACOBSON, ill Proceedings 3rd ISCERG 
Symposium (Pergamon Press Inc., London 1964), p. 235. 

Fig. 4. A typical tracing obtained from an in vitro preparation ol 
a rabbit retina. This photograph is taken at the time of 30 rain 
after enucleation. Time constant is 0.3 see. Upward deflection on 
the middle tracing represents duration of stimulus. Log I, 2.5. 
Calibration, 0.2 mV. Time mark, 100 c/see. 

Fig. 2. An opaque contact lens. It  was sown on episclera prior to 
start  of dark adaptation. 1, handle for manipulation. 2, situation 
mark. 3, aperture for suture. 

Fig. 3. Septum of chamber with electrodes. 1, main septum. 2, acces- 
sory septum. The area exposed to light was 10 m m  in diameter and 
the other field was shielded from light. Each septum with a prepara- 
tion in between were held in constant  pressure. 3, 4, Ag-AgC1 mesh- 
work. 3, was connected to positive deflection and 4 to negative 
deflection through shielded wires oI 5 and 6. 7, retina attached with 
choroid and sclera. 8, narrow area inserted into the slit of chamber. 

Fig. 5. Change in pat tern of rhythmic wavelets recorded through 
the channels with various time constants. Numbers on the left side 
represent time constants  of channels in sec. This tracing was obtained 
10 min after enucleation. Log I, 2.5. 
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and is app rox ima te ly  equal  to t h a t  of oscil latory po ten t i a l  
o n  r abb i t  E R G  in vivo. I ncuba t i on  per iods  of these  
wavele ts  are varied,  according to  in t ens i ty  and dura t ion  
of st imulus,  t ime  elapsing af ter  enuclea t ion  and so on, 
a l though  f requency is cons tant .  Changes in p a t t e r n  of 
r h y t h m i c  wavelets ,  recorded t h rough  the  channels  wi th  
var ious  t ime  cons tan ts ,  are r epresen ted  in F igure  5. Life- 
span  of these wavele ts  on cont inuous  observa t ion  is shown 
in Figure 6. On the  t rac ing  at  180 min  and  subsequen t  
one, t h e y  d isappeared  p r e sumab ly  as a resul t  of inade-  
qua te  supply  of nutr i t ion .  On the  t rac ing  at  120 min, 
there  still  r emain  wavele ts  a l though  d iminish ing  in am- 
p l i tude  and number ,  bu t  no d o m i n a n t  b-wave is recorded.  
Compara t ive  d i sappearance  of b-wave at  this  period here- 
abou t  was assured a l te r  dark  a d a p t a t i o n  of 5 rain. 
Descending  phase  of a -wave  of m a n y  t rac ings  in Figure 6 
can be d iv ided in to  2 d i f ferent  slopes, an ter ior  s teep one 
and  poster ior  modera te  one. P r e s u m a b l y  this  f inding is 
fa i thful ly  ref lected on the  inference t h a t  this  phase  de- 
pends  on the  s u m m a t i o n  of d i f ferent  2 P I I I  components ,  
photopic  P I I I  and scotopic P I I I .  

I t  m a y  be a t t r i bu t ab le  to  the  following reasons t h a t  
we succeeded in recording r h y t h m i c  wavele t s  in the  pres- 
en t  inves t iga t ion :  (1) An opaque  con tac t  lens was sown 
on episclera before dark  adap ta t ion .  The t ime '  elapsing 
be tween  in t e r rup t ion  of vascula ture  in vivo and  immer-  
sion of t he  re t ina  was kep t  wi th in  5 see by  means  of 
handl ing  an  originally designed con tac t  lens,  (2) The t em-  
pera tu re  of the  med i u m for incubat ion  was ma in t a ined  
at  35 ~ which  differs f rom 30 ~ or t h e r e a b o u t  used by  
previous authors .  The t e m p e r a t u r e  of t he  m e d i u m  for 
opera t ion  was  also a t  h igher  level t h a n  t h a t  of previous  
au thors  5,1~-14. (3) Flow ra te  of a mix tu re  of 95% Oz and 
5% CO 2 was ma in ta ined  at  2 1/min in each c h a m b e r  of 
20 ml in volume.  On the  o the r  hand ,  slower flow ra te  of 
med ium t h a n  t h a t  of previous au thors  was employed  7,15. 
Bo th  were conven ien t  for re t ina  to be suppl ied  for suf- 
f icient  O 2. I t  seemed t h a t  the  excised re t ina  d emands  
ex t remely  large q u a n t i t y  of O~ supply  compared  wi th  
t h a t  in vivo, especially for the  purpose  of recording 
r h y t h m i c  wavelets .  

Detai led affect ion of in tens i ty  and dura t ion  of st imulus,  
t empera tu re ,  anoxia  and chemical  agents  t oward  these  
wavele ts  and  inqui ry  of the i r  origin will be descr ibed in 
a subsequen t  repor t  ~6. 

Zusammen/assung. Die r h y t h m i s c h e n  Po ten t i a le  an der  
aufs te igenden  Phase  der b-Welle des yon der  In-v i t ro-  
Pr~tparation der  W a r m b l i i t e r n e t z h a u t  abgele i te ten  Elek- 
t r o r e t i n o g ramms  wurden  in vivo dargestel l t .  
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Fig. 6. Life-span of rhythmic wavelets superimposed on the ascending 
phase of b-wave. Numbers on the left represent time elapsing after 
enucleation (interruption of vasculature in vivo) in rain. Log I, 2.5. 
Frequency of stimulus was set 0.1 c/see. Time constant is 0.3 sec. 
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