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Effect of cateeholamines in normal and hypothyroid mice 
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Treatment Kidney weight (rag) Total D NA (jig) DNA specific activity' Difference (%) 

a) Control (10) 398.6 ~- 15.2 1419 ~ 125 9710 -+- 611 
a3~I (12) 348.7 i 9.6 1164 zL 98 7340 -4- 721 

b) Control (12) (6 mgisoproterenol) 410.8 4- 18.3 1390 ~_ 142 23.060 J_ 2.540 137 o 
l~lI (14) (6 mgisoproterenol) 391 :~ 12.5 1200 =[: 153 12.510 -~ 2.431 70 a 
talI (14) (6 mgisoproterenol + T3)b 429 -c 18.9 1681 =[: 203 17.710 ztz 2.101 141 a 

dpm/mg DNA ~: S.E. b Ts injected for 1 week. ~ Compared to Control experiment a). a Compared to 181I experiment b). Number of animals 
in parenthesis. 

t ion of adenyl  cyclase and  a resu l t an t  decrease in cAMP 
in sal ivary glands of h y p o t h y r o i d  ra t s  ~0. Therefore,  in the  
p resen t  exper iments ,  the  effect  of isoproteren01 s t imula ted  
DNA synthes i s  in h y p o t h y r o i d  mice is cons is ten t  wi th  the  
hypo thes i s  t h a t  ca techolamine  receptors  are in t e rmed ia t -  
ed by  t hy ro id  ho rmone  increasing the i r  sens i t iv i ty  and 
t h a t  cAMP has a d i rect  effect  on i sopro te reno l - s t imula ted  
cell k idney  prol i ferat ion.  

lo O. L. CATANZARO, IVI. FLAWIA, A. E. DOMINGUEZ, B. 1~. FERNANDEZ 
and N. A. VIDAI~, IRCS (Bioehem; Dent; Endoer; PhysioI) 2, 
1203 (1974). 

11 This work was supported by a grant from the Consejo Nacional de 
Investigaciones Cientificas y Teenicas, Rep. Argentina. 

Resumen. En  el p resen te  t raba jo  se es tudia  el efecto del 
h ipo t i ro id i smo sobre la s intesis  de DNA y proliferacidn 
celular renal  es t imuladas  por  isoproterenol .  Se o b s e r v a  
que la h o rmo n a  t i ro idea  actfla como in te rmediar io  de las 
ca tecolaminas  en el proceso de mult ipHcacidn celular. 
Se sugiere que la h o rmo n a  t i ro idea  modula  el efecto de 
ca tecolaminas  a u m e n t a n d o  la sensibi l idad en el receptor .  
E1 au men t o  de Ia concent rac idn  de cAMP podr ia  es tar  
involucrado en este  proceso. 
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Intra-Retinal  Absorption of Argon Laser Irradiation in Human and Monkey Retinae 

The argon laser is now used ex tens ive ly  in the  t r e a t m e n t  
of a var ie ty  of re t ina l  condi t ions .  The small  spot  size, 
toge ther  wi th  the  ou tpu t  re l iabi l i ty  of this  i n s t r u m e n t  has 
allowed t r e a t m e n t  of re t ina l  disease ad jacen t  to t he  
macula  ~-3. I t  has  been a cons i s ten t  observa t ion  in th is  
hospi tal ,  t h a t  argon induced  lesions placed wi th in  one 
disc d iamete r  (5 ~ of the  macula  show a d i f fe rent  damage  
t o p o g r a p h y  to those  placed in more  per iphera l  ret ina.  
Using re t ina l  b iomicroscopy  and fundus  pho tog raphy ,  two 
re t ina l  damage  planes  m a y  be clearly d iscr iminated .  Such 
observa t ions  have  no t  been repor ted  for macular  lesions 
p roduced  by  o ther  longer wave  leng th  lasers~-s. 

We have  exposed  the  maculae  of 3 rhesus m o n k e y  eyes, 
and  i h u m a n  eye (prior to enuclea t ion  for a ma l ignan t  
me l anom a  of the  anter ior  uvea wi thou t  pos ter ior  re t inal  
de t achmen t )  to  a series of i r radia t ions  f rom an argon laser. 
Exposu res  were placed in groups of 4 w i th in  1 ~ 2 ~ 3 ~ and 
10 ~ of visual  angle f rom the  fovea. In  each group lesions 
were p roduced  by  power  levels of 50, 100, 200 and 300 mW.  
A single foveal  exposure  of 100 m W  was given in each 
eye. All exposures  had  a 50 [zm spot  size and  a pulse 
dura t ion  of 0.05 sec. All above pa rame te r s  were as 
recorded on manufac tu re r s  i n s t rumen ta t ion .  The sys t em 
used was a Coherent  Rad ia t ion  800 and  exposures  were 
del ivered via  the  integral  Zeiss slit  l amp  sys tem in con- 
junc t ion  wi th  a Go ldmann  fundus  con tac t  lens. 

All eyes were r emoved  wi th in  a few hours  of exposure,  
and  were processed for b o t h  l ight  and electron microscopy 7. 
Serial sect ions were cut  of each lesion. 

Histological  p repa ra t ions  conf i rmed the  oph tha l -  
moscopic  observat ions ,  and showed 2 discreet  damage  
planes, one s i tua ted  at  the  p i g men t  ep i the l ium and in- 
volving the over ly ing receptor  cells, and  a second site in 
t he  inner  re t inal  layers (Figures 1 and 2). The degree of 
damage  tO the  inner re t ina l  layers  was inversely re la ted  to  
the  d i s tance  of the  lesion f rom the  fovea. The d e p t h  of t he  
plane of th is  damage  also var ied  wi th  d i s tance  f rom the  
fovea. At  the  f o r e s  t he  damage  was s i tua ted  in the  f ibre 
layer  of Henle  (Figure 3), whi ls t  a t  d is tances  of 2 and 
3 degrees of visual  angle, damage  was found  in t he  inner  
nuclear  and inner  p lexi form layers respect ively .  

We have  only examined  1 h u m a n  eye, bu t  for a given 
exposure  wi th in  a 1 degree field of the  fovea, grea ter  
re t inal  d i s tu rbance  was seen in the  h u m a n  eye t h a n  in t he  
mo n k ey  eyes. (Figures 3 a and  b). 

Bo th  ruby  8 and  he l ium neon i r rad ia t ions  oi the  macula  
show a convent iona l  damage  d i s t r ibu t ion  cent red  on the  
p igmen t  epitheliumV. Though  damage  to  the  inner  re t ina  

1 j .  D. M. GASS, Trans. Anl. Acad. Ophthal. Otolaryng. 75, 580 
(1971). 

2 H. SCHATZ and A. PATZ, Arch. Ophthal. 90, 183 (1973). 
A. C. BIRD, Br. J. OphthaI., in press (1974). 

4 W. T. HAM, W. J. GEERAETS, H. A. ~/[UELLER, R. C. WILLIAMS, 
A. M. CLARKE and S. F. CLEARY, Arch. Ophthal. 84, 797 (1970). 

5 F. W. LAPPIN and P. S. COOGA~, Arch. Ophthal. 8d, 350 (1970). 
6 C. J. BLAIR and D..'VI. GASS, Arch. Ophthal. 88, 167 (1972). 
7 j. MARSHALL, Invest. Ophthal. 9, 97 (1970). 
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Fig. 1. Light micrograph of monkey retina showing a 50 mW Argon 
laser lesion within a 1 ~ field of the fovea. Isolated damage sites can be 
seen in both the pigment epithelium (P) and theinner nuclear layer 
(N). x 600. 

has  been  descr ibed fol lowing a single n e o d y n i u m  expo- 
sureS, obse rva t ions  b y  o the r  workers~,9 a n d  f igures for 
r e t ina l  t r ansmis s ion  1~ would  suggest  t h a t  th i s  d a m a g e  
arose f rom fac tors  o the r  t h a n  i n t r a  r e t ina l  absorp t ion .  
The  isola t ion  of t h e  d a m a g e  p lanes  observed  in our  
f igures suggests  t h a t  a rgon  laser  l igh t  is be ing  a b s o r b e d  
b o t h  w i t h i n  t h e  neura l  r e t i n a  a n d  a t  t h e  p i g m e n t  epi the-  
l ium. Dif ferent ia l  t h e r m a l  to le rances  of inner  r e t i na l  
c o m p o n e n t s  to  a h e a t  f r o n t  e m i n a t i n g  f rom the  p i g m e n t  
e p i t h e l i u m  is n o t  a t enab le  theory ,  as t h e  d e p t h  of t he  
d a m a g e  p lane  var ies  w i t h  t h e  si te  ill t h e  fundus  in such  a 
way,  t h a t  w i t h  increase  in r e t i na l  th i ckness  t h e  d a m a g e  
appea r s  f u r t h e r  f rom the  p i g m e n t  ep i the l ium.  

If  i t  is accep ted  t h a t  t h e  si te  of p r i m a r y  d a m a g e  to  a 
biological  sys t em is co inc iden t  or a d j a c e n t  to  t h e  si te  of 
a b s o r p t i o n  of t h e  i nc iden t  r ad ia t ion ,  t h e n  f rom our  f igures 
we m u s t  p o s t u l a t e  the  exis tence  of a p i g m e n t e d  s y s t e m  in 
t h e  neu ra l  r e t i n a  wh ich  is localized a r o u n d  the  macula ,  
a n d  wh ich  abso rbs  more  r a d i a t i o n  a t  488 n m  t h a n  a t  
633 or 694.3 rim. T h e  macu l a r  p i g m e n t  has  these  charac-  
ter is t ics  1~ an d  a t  t h e  f o r e s  would  a b s o r b  a p p r o x i m a t e l y  
70~o of r a d i a t i o n  a t  488 nm.  The  c o n c e n t r a t i o n  of th i s  
p i g m e n t  decreases  w i t h  d i s t ance  f rom t h e  Iovea  ~. The  
Tab le  shows the  ca lcu la ted  re la t ive  a b s o r p t i o n  of a rgon  
laser  i r r ad i a t i o n  b y  m a c u l a r  p i g m e n t  ~1, a n d  t h e  p i g m e n t  
e p i t h e l i u m  10 for r e p r e s e n t a t i v e  exposures  in  t h e  p r e s en t  
s tudy.  I t  should,  however ,  be  s t a t e d  t h a t  m a c u l a r  
p i g m e n t a t i o n  var ies  b o t h  b e t w een  ind iv idua l s  le, races ~a 
an d  species. 

The  degree of re t ina l  d a m a g e  is a complex  func t ion  of 
b e a m  t issue i n t e r ac t i o n  ~a, b u t  a t  t h e  power  levels used in 
t h e  p r e s en t  s t u d y  i t  m a y  be r e l a t ed  to  t h e  degree of t i ssue  
hea t ing .  Such  h e a t i n g  is d e p e n d a n t  on  t h e  a b s o r b e d  
energy  dens i ty  wh ich  is a func t ion  of t h e  th i ckness  of the  
a b s o r b i n g  layer.  For  th i s  reason,  i t  would  be  useful  to  
iden t i fy  the  cell p o p u l a t i o n  w h i c h  con ta ins  t h e  macu l a r  
p igmen t .  A t  t h e  Iovea  t h e  r e t i n a  is fo rmed  exclus ively  
f rom t h e  c o m p o n e n t s  of r ecep to r  cells an d  glia. F igure  3 
shows d a m a g e  cen t red  on  t h e  inne r  aspec t  of the  recep tor  
cells, b u t  f u r t h e r  f rom t h e  fovea  d a m a g e  occurs  in  t he  
inne r  nuc lea r  (Figures 1 a n d  2) an d  p lex i fo rm layers.  
F r o m  th i s  d i s t r i b u t i o n  i t  would seem t h a t  e i the r  p i g m e n t  
is p re sen t  in  each  of these  r e t ina l  layers,  or t h a t  the  p i g m e n t  
is c o n t a i n e d  w i t h i n  a p a r t i c u l a r  cell t y p e  wh ich  occurs  in 
each of these  cell layers,  n a m e l y  the  Muller  fibres. 

A m a j o r  spec ia l iza t ion  of t h e  foveal  cones is t h e  
d e v e l o p m e n t  of long inne r  r ecep to r  f ibres  fo rming  t he  
f ibre  layer  of Henle .  I f  t h i s  layer  c o n t a i n e d  a diehroic  
p i g m e n t  i t  would be  ideal ly  su i ted  to p roduce  t h e  en top t i c  
p h e n o m e n o n  of H a i d i n g e r ' s  Brushes  15. Diffusely  dis t r i -  
b u t e d  p i g m e n t a t i o n  in o the r  n e u r o n a l  layers  as well  as 
the  f ibre  layer  of Hen le  would n o t  s ign i f i can t ly  in te r fe re  
w i t h  t h e  p r o d u c t i o n  of th i s  en top t i c  p h e n o m e n o n ,  
however ,  i t  could n o t  be  p roduced  b y  p i g m e n t a t i o n  
solely w i t h i n  t h e  t r a n s v e r s e l y  o r i en ted  Muller ' s  fibres. 
W h a t e v e r  the  p i g m e n t  d i s t r ibu t ion ,  d a m a g e  will occur  in 
a n y  layer  w h e n  suff ic ient  energy  h a s  been  abso rbed  to  
p roduce  t i ssue  b r e a k  down.  

Fig. 2. Light micrograph of monkey retina showing 100 mW Argon 
laser lesion within a 1 ~ field of the fores. Note the increase in damage 
to the inner nuclear (N) and inner plexiform layers (L). • 600. 
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Differential absorption of Argon Iaser radiation (488 nm) in human retinaI tissue at various distances from the centre of the fovea 

Exposure Calculated absorbed power mW 

(incident power roW) Neural retina (Macular pigment) Pigment epithelium (hfelanin) 

1 o 2 o 3 ~ 10 o 1 o 2 ~ 3 ~ 10 o 

50 35 18 4 < 1  11 22 32 35 

100 70 35 8 < 1  21 46 64 70 

200 141 70 17 %1 41 91 128 141 

300 211 106 25 < 1  62 136 193 211 

Th e  p r i m a r y  d a m a g e  si te  descr ibed  in t he  p r e sen t  p a p e r  
could a c c o u n t  for t he  r ecen t ly  repor ted  s e c o n d a r y  degener -  
a t ive  ch an g es  in t he  inner  re t ina l  layers  of m o n k e y s  1 
yea r  a f te r  be ing  exposed  to  an  a rgon  laser  16, as all t hese  
i r r ad ia t ions  were w i t h i n  3 disc d i a m e t e r s  of the  fo r e s .  

A wor ry ing  fea tu re  of our  o b s e r v a t i o n s  is t he  s e n s i t i v i t y  
of the  h u m a n  macu la .  To relate  t he  resu l t s  of the  m o n k e y  
expo su re s  to t h o se  in t he  h u m a n ,  one m u s t  cons ider  t he  
respec t ive  r e t ina l  f lux  densi t ies .  U n d e r  our  e x p e r i m e n t a l  
cond i t ions  a n y  di f ferences  in f lux  dens i t i es  can  on ly  be 
re la ted  to  d i f fe ren t  t r a n s m i s s i o n  p rope r t i e s  of t he  ocular  
m e d i a  in the  2 species.  Ave rage  f igures  f r o m  28 h u m a n  a n d  
14 m o n k e y  eyes ~~ show t r a n s m i s s i o n  p roper t i e s  to  be 
iden t ica l  a t  t h e  a rgon  w a v e l e n g t h ,  howeve r  t he  t r a n s -  
mi s s ion  of l igh t  t h r o u g h  the  lens  decreases  w i th  increase  
in age lL  Our  h u m a n  sub jec t  was  49, t h u s  t he  to t a l  
ene rg y  r each ing  t h e  r e t i na  m a y  well h a v e  been  lower in 
t he  h u m a n  ex p o su re s  t h a n  those  in t he  m o n k e y .  W e  
app rec i a t e  t h a t  t h i s  is d a t a  f r om a s ingle ind iv idua l ,  a n d  
t h a t  our  ex p o su re  energies  are well above  t h r e sho ld  levels, 
however ,  we feel t h i s  r e su l t  shou ld  be cons idered  w h e n  
e x a m i n i n g  codes of p rac t i ce  for laser  workers .  O b v i o u s l y  
we would  like more  d a t a  f r om the  m a c u l a e  ot b o t h  p r i m a -  

Fig. 3. Light. micrographs of (a) monkey and (b) human retinae 
showing 100 mW Argon laser lesions at the fovea. Damage can be 
seen in both the pigment epithelium (P) and ill the fibre layer of 
Henle (H). The detachment of the retina, and separation of the retinal 
layers is not a preparative artefact but arises due to the accumulation 
of exudates. More damage is seen in the human exposure than in the 
monkey. In both cases inner retinal damage induced by a second 
exposure can be seen arrowed. • 150. 

tes a nd  h u m a n  re t ina ,  a nd  f rom ene rgy  va lue s  nea re r  
t h r e sho ld  before a de ta i led  ana lys i s  of the  dange r s  of 
neu ra l  re t ina l  a b s o r p t i o n  can  be defined:  Most  laser  
s a fe ty  codes are based  on e x p e r i m e n t a l  d a t a  ob t a ined  
f rom m o n k e y  i r rad ia t ions ,  a n d  the re  is a fac tor  of 10 bet -  
ween the  r e c o m m e n d e d  m a x i m u m  permiss ib le  exposu re  
a nd  the  level a t  wh ich  o p h t h a l m o s c o p i c  d a m a g e  occurs  in 
these  an imals .  I n  aI1 codes t h r o u g h o u t  t he  vis ible  region 
of the  s p e c t r u m  the  a bso rp t i on  of laser  l igh t  is a s s u m e d  
to t a ke  place  in the  m e l a n i n  of t he  p i g m e n t  ep i the l ium,  
a n d  absorbed  e ne rgy  dens i t i e s  have ,  therefore ,  been 
ca lcu la ted  soIely on t h i s  basis .  T h e  p i g m e n t a t i o n  in t he  
rhe sus  m o n k e y  eye is a b o u t  twice  as dense  as t h a t  of a 
caucas ian ,  t h u s  for m o s t  laser  i r rad ia t ions ,  t he  m o n k e y  
eye requi res  less energet ic  exposu re s  to p roduce  t h r e s h o l d  
damage .  Hence  w he n  these  t h r e sho ld  exposu re  energies  
d e t e r m i n e d  empi r i ca l ly  in m o n k e y  are appl ied  to m a n  
the re  is a smal l  add i t i ona l  s a f e ty  factor.  If  the  neura l  
re t ina l  d a m a g e  we ha ve  s h o w n  in F igure  3 still  occurs  a t  
t h r e sho ld  exposu re  levels, t h e n  for a rgon  i r r ad ia t ion  of tile 
fovea th i s  smal l  add i t i ona l  s a fe ty  fac tor  would  be re- 
moved ,  a nd  m a y  even  be reversed.  

These  obse rva t i ons  are also i m p o r t a n t  to t he  thera -  
peu t i c  use  of t he  a rgon  laser. I n n e r  r e t ina l  d a m a g e  
caused  by  a rgon  laser  p h o t o c o a g u l a t i o n  in t he  pa ra fovea l  
region m a y  cause  poor  v i sua l  r e su l t s  due  to reveal  dener-  
va t ion .  

W e  feel t h a t  the  t h r e sho ld  for a rgon  laser  d a m a g e  to the  
m a c u l a  shou ld  be f u r t h e r  i nves t i ga t ed ,  a nd  t h a t  some  
a t t e m p t s  shou ld  be m a d e  to d e t e r m i n e  the  func t iona l  
d i f ferences  i n h e r e n t  in lesions p roduc e d  in d i f fe rent  re t ina l  
layers .  

Zusammen/assu~g. Die h i s t opa tho log i s c he  U n t e r s u -  
c h u n g  yon  Argon  Lase rs  F o t o k o a g u l a t i o n  der Macu la  bei  
Me nsc he n  u n d  Affen  k o n n t e  zwei A ngr i f f s e be ne n  an  der 
N e t z h a u t  zeigen : 1. P i g m e n t e p i t h e l  u n d  2 . innere  re t ina le  
Schich ten .  
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