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sent ing  all s tages of ac t iv i ty  were ev iden t  in the  vesicle 
s ta lks  incuba ted  on sucrose ( t r e a t m e n t  b) (figure, a-d) .  
In  addi t ion,  callus ou tg rowths  were also ev iden t  b o t h  

macroscopica l ly  and microscopical ly  in the  sucrose- t rea-  
ted  explants .  This  shows t h a t  excised juice vesicle stalks 
f rom ma t u re  lemon frui ts  are capable  of mani fes t ing  
nuclear  and cy toplasmic  division when  incuba ted  on a 
single c o m p o n e n t  n u t r i en t  med i u m consis t ing solely of 
4% sucrose. (Note:  The possibi l i ty  c an n o t  be ruled out  
t h a t  exogenous  supplies of boron  were released to  the  
exp lan t s  f rom the  borosi l icate glass of t he  ' Py rex '  Pe t r i  
dishes.) 
The f indings p resen ted  here  d e m o n s t r a t e  t h a t  mi to t ic  
ac t iv i ty  can be b rough t  abou t  in excised lemon frui t  
juice vesicle s ta lks  b y  supply ing  the  exp lan t s  w i th  an 

e x o g e n o u s  source of a sugar  which  is a l ready  na tu ra l ly  
p resen t  wi th in  the  sac cells of lemon frui t  juice vesicles 
(see tables  1 and  2 in Kordan~).  Thus ,  the  evidence 
p re sen ted  here suppor t s  previous  observa t ions  6 which 
impl icate  vacuolar  phys io logy as cons t i tu t ing  an intr insic  
barr ier  against  in ju ry- induced  mitosis  in lemon frui t  juice 
vesicle cells. 

Mitotic figures from 6-day-old vesicle stalks incubated on 4 % sucrose. 
a) Prophase; b) metaphase, polar view; c) late anaphase plus an in- 
terphase nucleus; d) telophase. 
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Summary. Elee t ro re t i nog ram recorded  f rom ~he med ian  eye of t he  scorpion,  H e t e r o m e t r u s  fulvipes before and  a f te r  
exposure  to  CO 2 indica ted  t h a t  t he  ra te  of recovery  of 'b '  wave  to  pre-CO, level was slow and de layed  as compared  to  
'a '  wave.  'b '  wave  m a y  therefore  have  a more  cent ra l  origin t h a n  t h a t  of 'a '  wave,  which finds cor robora t ion  in the  
resul ts  of the  d e p t h  recording in th is  eye wi th  the  microelectrode.  

CO 2 is known  to  have  a p ronounced  effect  on the  opt ic  
ganglion and  hence  is known to  abol ish those  c o m p o n e n t s  
of E R G  which arise more  cen t ra l ly  dur ing  the  process of 
anaes the t i za t ion  3. Though  i t  is known t h a t  complex  re- 
sponses  are ob ta ined  dur ing  the  init ial  s tages of applica-  
t ion of CO 2 and dur ing  recovery,  ne i ther  the  t ime course 
of these  responses  nor  i ts  s ignif icance seems to have  been  
explored  fully. The p resen t  s t u d y  is an  a t t e m p t  in th is  
d i rec t ion  in which  a simple med ian  eye of an arachnid ,  
the  scorpion H e t e r o m e t r u s  f luvipes ,has been used, as it  is 
t h o u g h t  t h a t  complex  processes are re la t ively  easier to 
u n d e r s t a n d  in s impler  sys tems.  
Material and methods. St imulus  assembly.  A t un g s t en  
f i l ament  bulb  (12 V, 5.2 W) f rom a microscope l amp 
f i t ted  wi th  2 condenser  lenses was the  source. Dura t ion  
of s t imulus  was c o n t r o l l e d  t h rough  a sectored disc, a t -  
t ached  to  a DC motor .  
Record ing  devices.  Glass p ipe t t e  e lectrode (inside dia- 
me te r  70-80 [~m) filled wi th  scorpion r inger  4 was used as 
t he  recording  electrode (RE).  P l a t i n u m  wire inser ted  in to  
the  glass p ipe t t e  was connec ted  to the  grid G1 of a Grass 

preampli f ier .  A steel  pin e tched  electr01ytically, and  in- 
su la ted  except  a t  the  tip, served as an indi f ferent  elec- 
t rode  (IE). Po ten t i a l s  were d isplayed on a dual  beam 
oscilloscope (Tektronix  502A) and  were p h o t o g r a p h e d  
wi th  a grass C4 camera.  S t imulus  was moni to red  t h ro ugh  
a photocell .  
P repara t ion .  Scorpion was res t ra ined  wi th  the  dorsal  side 
up  on a meta l  base  by  using plast icene.  The  surface of the  
eyes was  scraped gen t ly  wi th  a microscalpel  to r emove  the  
wax  coat.  While  the  R E  was placed over  the  i l luminated  
eye, t he  IE  was placed over  the  ad j acen t  un i l luminated  

1 The equipment was a gift from USAFOSR to Prof. T. H. Bullock 
and Prof. K. P. Rao, and the work was carried out at the De- 
partment of Zoology, Bangalore University. I thank Dr R. V. 
Krishnamoorthy and Dr A. R. Kastnri Bai. 
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eye. As a fu r the r  measure  aga ins t  l ight- leakage,  the  la t t e r  
was covered w i t h  black paper .  W h e n  tile E R G  reached  a 
s table  level of ampl i tude ,  which i t  did usual ly a f te r  
40-60 min,  the  e x p e r i m e n t  was s ta r ted .  All the  experi-  
men t s  were carr ied ou t  in a da rk  room unde r  a d im red 
l ight  and  a t  t he  t e m p e r a t u r e  26 -t- 1 ~ 
Process  of admin i s t e r ing  CO,. A cup of p las t icene was 
bui l t  a round  the  scorpion and a small  t ube  inser ted  
th rough  the  base  of the  cup. CO 2 was passed t h r o u g h  the  
tube  f rom Kipp ' s  appara tus .  The l ight -s t imulus  was 
allowed to inc ident  over  the  eye t h rough  the  open top  of 
the  cup. 
Results .  Normal  E t lG .  E R G  in th is  species has  2 promi-  
n e n t  phases :  a) a fas t  rising negat ive  wave  (upward de- 
flection),  and  b) a re la t ive ly  slow posi t ive  wave,  and  
hence  is diphasic .  The la tency  measured  f rom the  onse t  
of s t imulus  to  the  appearance  of upward  r is ing nega t ive  
phase  is 70 • 7 msec. The nega t ive  wave  ('a' wave) 

Mean values n~ SD for the duration (recovery time) in which the 
amplitude of 'a' and 'b' waves reaeh their pre-CO 2 levels after turning 
off CO~ 

ERG-component Recovery time in rain 

'a' wave 20 -t- 0.5 
'b' wave 22 ~ 0.3 

Data were pooled from 9 experiments. 

reaches  its peak  in 61 • 7 msec.  The posi t ive wave  ( 'b '  
wave)  has  general ly s o m e w h a t  lower magn i tude  t h a n  the  
C a '  w a v e .  

E f fec t  of CO v In i t ia l  responses.  Soon af ter  in t roduc ing  
CO,, the  base line dr i f ted  errat ical ly,  the  ampl i tude  of 
E R G  was  grea t ly  reduced.  The spon taneous  'spike-l ike '  
po ten t i a l s  have  appeared ,  some of which were super-  
imposed  over  the  E R G  (figure 1). 
La te r  effects.  Dur ing  the  10-min-period,  t he  CO 2 was  
allowed to  flow over  the  scorpion,  there  were f luc tua t ions  
in tile ampl i tude .  In  the  first  2 min  there  was 80% reduc-  
t i on  in the  ampl i tude  of the  'a '  wave  and 72% reduc t ion  
in the  case of 'b '  wave.  La te r  on there  was a sl ight  rise in 
the  ampl i tude  of b o t h  the  waves  over  the  4th min  fol- 
lowing ano the r  fall over  the  6th min.  Again there  was an 
increase in the  ampl i tude  of b o t h  the  waves th rough  the  
10th rain when  the  CO~ was t u rn ed  off. The amp l i t ude  of 
'a '  wave  remained  co n s t an t  over  the  nex t  2 rain, a f ter  
which  the re  was a fu r the r  reduct ion.  During the  n e x t  
4 min  the  ampl i tude  remained  cons tan t .  In  t he  case of 
'b '  wave,  however ,  the re  was no change  dur ing the  8 rain 
following the  closure of CO 2. This  period of re la t ive 
s tab i l i ty  was followed by  a fu r the r  reduct ion  in ampl i tude  
of bo th  the  waves,  up to the  12th min  in the  case of 'a '  
wave  and  up to the  10th rain in the  case of 'b '  wave.  
Af ter  th is  period,  b o t h  the  waves  gradual ly  increased in 
ampl i tude  and reached  pre-CO 2 levels. While  'a '  wave  
reached  the  pre-CO 2 level 20 min af ter  tu rn ing  off of CO 2, 
'b '  wave  reached the  same 22 min la ter  (table). In  t he  
nex t  10-rain-period, dur ing  which the  recordings were 
made,  t he  ampl i tude  of bo th  the  waves  remained  con- 
s tan t .  The n o t e w o r t h y  fea ture  of the  t ime course is t h a t  

Fig. 5. Oscilloscopic recordings of ERG, made before, during and 
after CO 2 anaesthesia..d Before; B 2 rain after passing CO n (note the 
spontaneous 'spike-like' potentials some of which are superimposed 
over ERG); C 10 rain after closing CO~; D 20 rain after. The lower 
trace in the recordings is the stimulus signal. Intensity used: 100 lux. 
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Fig. 2. Time course of changes in the amplitude of ERG from the 
median eye due to COz anaesthesia, from a typical experiment. �9 -- �9 
Changes in negative phase (upward deflection in the oscilloscopic 
recordings); O--Q, changes in positive phase; a CO 2 turned on; 
b CO s turned off; c recovery; d pre-CO 2 level. 
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10-12 min a f te r  tu rn ing  off CO S flow, bo th  the  waves  show 
a cont inuous  recovery  phase.  However ,  the  slope of th is  
phase,  marked  wi th  broken  lines in figure 2, indicates  t h a t  
the  'b '  wave  had  a s ignif icant ly  slower recovery  ra te  t h a n  
'a '  wave. 

Discussion. The effect  of CO S on E R G  in scorpion is some- 
w h a t  s imilar  to t h a t  r epo r t ed  in worker  honeybee  s . 
However ,  in th is  p repara t ion ,  the  'off '  effect  of t he  re t inal  
ac t ion po ten t i a l  comple te ly  d i sappeared  dur ing  the  ex- 
posure and  reappeared  af ter  t u rn ing  off CO~. Based on 
th is  different ia l  sens i t iv i ty  of the  sus ta ined nega t iv i ty  
and  the  'off '  effect,  Goldsmi th  p roposed  t h a t  these  2 
waves  have  d i f ferent  origins. As the  effects of CO S are 
p ronounced  on second and  h igher  order  neurons,  the  ' o f f  
effect  which  was to ta l ly  abol ished by  the  same is con- 
s idered to have  a more  cent ra l  origin. Such selective 
poisoning of cer ta in  neural  p a t h w a y s  leaving o thers  i n t ac t  
was a t t e m p t e d  by  o ther  workers ,  using such agents  as 
cocaine and  procaine 5. Whi le  s tudy ing  the  effect  of 
cocaine, Be rnha rd  sugges ted  t h a t  t he  negat ive  c o m p o n e n t  
of the  re t ina l  ac t ion  po ten t i a l  in Dyt i scus  or iginates  in t he  
layer  of the  re t inula  cells 6. Swihar t  d e m o n s t r a t e d  t h a t  
procaine,  when  in t roduced  into the  eye via  a corneal  hole 
in Danaus  p lexippus  L. quickly removes  posi t ive  com- 
ponen t s  f rom the  E R G  waveformT. This selective act ion 
of procaine  on the  posi t ive  c o m p o n e n t s  was considered as 

proof  for the i r  origin dis ta l  to  the  b a s e m e n t  membrane .  
In  the  p re sen t  results ,  i t  is s ignif icant  t h a t  the  recovery  
of 'b '  wave  no t  only  proceeds  a t  a much  slower ra te  b u t  
is also delayed by  2-3 rain, when  compared  to the  recovery  
p roces s  in 'a '  wave.  E v e n  a dura t ion  of 2-3 min  m a y  be 
qui te  s ignif icant  in t e rms  of electrical  even ts  in neural  
s t ructures .  I t  appears  therefore  t h a t  CO 2 has  a more  
p ronounced  effect  on the  'b '  wave  and m a y  possibly 
originate,  therefore ,  a t  a locus more  cent ra l  to t he  same 
f rom where 'a '  wave  originates.  This  conclusion f inds 
cor robora t ion  in the  resul ts  of the  dep th - record ing  in th is  
eye wi th  the  microelect rode s. Thus  the  p re sen t  s tudy  
poss ibly  indica tes  t h a t  the  t emp o ra l  aspects  of the  effect  
of exposure  to and recovery  f rom CO S m a y  be helpful  in 
de l ineat ing  the  per iphera l  electrical  events ,  even if such 
exposure  does no t  resul t  in to ta l  suppress ion of one or 
more  componen t s .  

5 G. Camougis, in: Psychopharmacology - A Review of Progress, 
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1968. 
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7 S.L. Swihart, J. Insect Physiol. 18, 1221 (1972). 
8 T. Ramakrishna, Proc. XXVI Int. Congr. Physiol. Sci., October 
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Summary. 5 - H y d r o x y t r y p t a m i n e  (5-HT) was found in chick re t ina .  5-HT level in chick re t ina  was increased by  the  
admin i s t r a t i on  of pargyl ine  and  decreased by  reserpine,  bu t  r emained  unchanged  wi th  t r y p t o p h a n .  

The exis tence  of ca techolamine2-6,  y -aminobu ty r i c  
acid ~-~o and  acetytchol ine  11,1~ as p u t a t i v e  neuro t rans -  
mi t t e r s  in the  re t inas  of several  species of animals  is well 
documented .  In  regard to  5 - h y d r o x y t r y p t a m i n e  (5-HT) 
in tile ret ina,  however ,  comparab le  in format ion  is lacking. 
While the re  are a few reportslS,  14, including the  de ter -  
mina t ion  of 5-HT in the  re t inas  of some ver tebra tes ,  
H/iggendal  and  Malmfors  a could no t  de t ec t  any  5-HT in 
r abb i t  re t ina.  By  the  h i s toehemica l  m e t h o d  of Falck and  
Hil larp,  Hausch i ld  and  LatieslS suggested the  occurrence 
of 5-HT in a special t y p e  of cells in chick ret ina.  The 
p resen t  paper  deals w i th  q u a n t i t a t i v e  analysis  of 5-HT 
in chick ret ina,  and the  effects  of some drugs on its level. 
Material and methods. Chicks of the  W h i t e  Rock breed 
weighing app rox ima te ly  1 kg were used. Animals  were 
in jec ted  i .p. wi th  pargyline-HC1 (100 mg/kg) 2 h, re- 
serpine (5 mg/kg) 5 h or L - t r y p t o p h a n  (200 mg/kg) 2 h 
before killing. I m m e d i a t e l y  af ter  decapi ta t ion ,  the  eye 
was enucleated,  and  the  re t ina  was rap id ly  r emoved  and 
frozen on d ry  ice. More t h a n  300 mg of re t inal  t issue was 
collected for a sample.  5-HT was ana lyzed  wi th in  24 h af ter  
the  sacrifice. The f luorometr ic  assay using n inhydr in  reac-  
t ion 16 was adop ted  for the  de t e rmina t i on  of 5-HT in the  re t -  
ina, for the  me thod  is qui te  specific for 5-HT and excludes  
the  con t amina t i on  of o the r  indo leamines lL  The re t ina  was 
homogenized  in 5.0 ml of cold acidif ied n -bu tano l  is b y  
using a glass homogenizer  f i t ted  wi th  a Teflon pest le  and  
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