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D e m o n s t r a t i o n  of a Net  M o v e m e n t  of Water T h r o u g h  the Lens 

If  t he  crys ta l l ine  lens is in jured  mechanica l ly  or if i t  is 
i ncuba ted  wi th  general  metabol ic  poisons,  the  ca t ion  and  
wa te r  con ten t  increases 1. Anisot ropic  up take  across t he  
anter ior  and  pos ter ior  surfaces of t he  r abb i t  lens was 
repor ted  for rad ioac t ive  labeled K+,  Na+, C1- and  
y -aminobu ty r i c  acid2, 3 and  also for f luorescein 4. The 
d i s t r ibu t ion  of Na+ and  K +  are no t  un i form wi th in  the  
normal  lens 5 nor  is 8~Rb e af ter  i ncuba t ion  in v i t ro  w i th  
it. A pump- l eak  t heo ry  for ac t ive  t r a n s p o r t  of ca t ions  
was p roposed :  which  sugges ted  a p u m p  across t he  epi- 
thel ial  layer  of t he  lens and  leak across all surfaces.  Thus  
the  da t a  and  theo ry  p ic ture  a lens w i t h  b o t h  u n e q u a l  
d i s t r ibu t ion  of ac t ive ly  t r a n s p o r t e d  subs tances  wi th in  
the  lens and  of anisot ropic  exchange  of these  subs tances  
across i ts  2 surfaces.  

E x p e r i m e n t s  w i th  t r i t i um labeled wa te r  3, which  revea- 
led no an i so t ropy  of up take  into the  lens, seems to  be 
incons i s ten t  w i th  t he  act ive  t r a n s p o r t  func t ion  of the  
epi thel ial  cell layer.  I t  has  been r epo r t ed  1 t h a t  the  r abb i t  
lens could ma in t a in  ca t ion  ba lance  for a few hours  in the  
absence of exogenous glucose. Thus  the  biologically iner t  
fluid, sil icone oil, was chosen as a sui table  m e d i u m  in 
which  to look for secret ion of a fluid b y  the  lens epi- 
the l ium.  The crys ta l l ine  lenses used were r emoved  e i ther  
immed ia t e ly  pos t  m o r t e m  or were ob ta ined  f rom young  
rabb i t s '  eyes which  had  been  in a ref r igera tor  overnight .  
The h u m a n  lenses were r emoved  f rom eyes which  had  
been re f r igera ted  at  least  24h. The lenses were r emoved  
and hand led  so as to  avoid  even s l ight  in jury  to  t he  
an te r ior  surface. Excess  fluid was r emoved  by  gent ly  
roil ing the  lens on ha rdened  f i l ter  paper  meager ly  dam-  
pened  wi th  normal  saline. 

The sil icone oil (Dow-Corning 360 Medical Fluid) was 
p repa red  before use by  wash ing  i t  3-5 t imes  wi th  t r iple  
dis t i l led water .  Ju s t  before use the  oil was f i l tered th rough  
a Millipore f i l ter  (LCN, Mitex,  10 ~m pore  size, in a micro- 
syringe f i l ter  holder).  Dur ing  incubat ion ,  the  lenses were 
suppor t ed  by  a device made  f rom Tygon  t ub ing  or the  

o ther  subs tances  n a m e d  below. A t  t he  beginning  and at  
var ious  t imes  dur ing  incuba t ion  the  lens surfaces were 
examined  for fluid secret ion us ing a stereo microscope at  
magni f ica t ions  up to  • 25. S tereographic  p ic tures  were 
t aken  of some lenses. Time lapse (2 frames/sec) c inephoto-  
g raphy  of e i ther  surface of 12 lenses were ob ta ined  using 
a 16 m m  movie  camera.  Af ter  incuba t ion  the  or ien ta t ion  
of the  lens was de t e rmined  by  p lac ing on one surface 
abou t  2 ~xl of n i t roblue  t e t razo l ium chloride solut ion which  
s ta ins  s the  epi thel ia l  cells or t he  fibers. 

The f irs t  20 of 20 r ab b i t  lenses f rom ref r igera ted  eyes 
developed drops  or lakes of fluid on the  anter ior  surface 
only (Figure 1) dur ing  incuba t ion  a t  37~ 2 h u m a n  
lenses f rom di f ferent  donors  had  ident ica l  results.  Any  
fluid left  on the  pos ter ior  surface d i sappeared  dur ing  
incuba t ion  and  if b i ts  of v i t reous  b o d y  or cil iary pro-  
cesses were placed on the  pos ter ior  surface t h e y  were 
apprec iab ly  d e h y d r a t e d  over  a per iod  of 2 h. The gravi-  
t a t iona l  field, lens suppor t ,  t e m p e r a t u r e  differentials ,  
observ ing  light,  etc., could no t  be t he  cause of the  results  
observed because fluid accumula ted  on the  an te r ior  
surface only, whe the r  t h a t  surface was up or down wi th  
respect  to  the  grav i ta t iona l  field or if t he  lens was sup- 
por t ed  in the  p repa ra t ion  by  Tygon tubing,  po lye thy lene  
plastic,  plexiglass,  or fluorosilicone oil. 

No secret ion of f luid was observed  if the  lens prepara-  
t ion  was kep t  cold. In  four  p repa ra t ions  fluid which  
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Fig. 1. A frame taken from cinephotograph of fluid secretion on the 
anterior surface of a rabbit lens incubated (37 ~ 30 rain) in silicone 
oil. When placed in the oil the whole surface area was smooth 
except for the zonule and excised ciliary tissue at the equator. The 
identification of some of the structures are indicated in the line 
drawing inset. A few rnin after this picture was taken most of the 
drops shown r into a single pool of fluid, 

Fig. 2. The same lens shown in Figure 1 photographed after 24 h 
refrigeration plus 30 rain of incubation at 37 ~ in silicone oil. When 
this frame was taken the V-shaped zonule was covered by a pool of 
fluid. When the preparation was placed for cinephotography there 
was no detectable fluid on the surface. The frame was printed so that 
the V-shaped zonule was in the same relative position in Figure 1. 
The line drawing inset identifies some structures. 
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a p p e a r e d  on  t h e  a n t e r i o r  surface  whi l e  i n c u b a t e d  a t  
37~ d i s appea red  on  s torage  of t he  p r e p a r a t i o n  in t h e  
ref r igera tor .  The  f lu id  r e a p p e a r e d  p r o m p t l y  u p o n  re in-  
c u b a t i o n  a t  37~ (Figure 2). I n  one p r e p a r a t i o n  t h i s  
reversa l  was  obse rved  4 t i m e s  over  a pe r iod  of 2 days.  
Loss  of t he  ~/bility of t he  lens to  secrete  f luid resu l ted  f rom 
s torage  of t h e  lens in  t h e  re f r ige ra ted  eye for  4 days  or 
longer  ( r a b b i t  or h u m a n  lenses), a n d  for  r a b b i t  lenses, 
r e m o v a l  of t he  lens capsule,  exposure  of t he  lens to  for- 
m a l d e h y d e  v a p o r s  for  10-15 sec j u s t  p r io r  to  p lac ing  t h e  
lens in  si l icone oil or i n j u r y  to  t he  lens ep i the l ium.  Del ibe-  
r a t e  excis ion of a sma l l  p a r t  of t he  lens w i t h  a ve ry  s h a r p  
b l ade  d id  no t  a lways  resu l t  in  t o t a l  fa i lure  to  secrete  
f lu id  e x c e p t  nea r  t h e  in ju ry .  

Lenses  excised r a p i d l y  pos t  m o r t e m  secre ted  f lu id  more  
r ead i ly  if a source of f lu id  were p r e sen t  on t he  pos te r io r  
surface.  The  secre ted  f lu id  was a lways  d i rec t ly  oppos i te  
t h e  source, p r o v i d i n g  t he  source was p laced  nea re r  to  t h e  
e q u a t o r  t h a n  to  t h e  pos t e r io r  pole. The  secre ted f luid h a d  
t he  same  shape  as t h e  f lu id  source, (Figure  3), on 5 of 5 
lenses. Thus  i t  appea r s  t h a t  ne t  f luid m o v e m e n t  t h r o u g h  
t he  p e r i p h e r a l  po r t i ons  of t he  lens ha s  a ' f ibe r -op t ics ' -  
l ike p rope r ty .  

The  e x p e r i m e n t s  r epo r t ed  here  w e r e  no t  d e s i g n e d ' t o  
m e a s u r e  t h e  m a g n i t u d e  n o r  t h e  r a t e  of f luid secret ion.  
However ,  we d id  measu re  changes  in d rop  d i a m e t e r  w i t h  
t i m e  on  c i n e p h o t o g r a p h s  such  as F igure  1, a n d  f rom those  
d a t a  e s t i m a t e d  a f lu id  secre t ion  r a t e  of 30-50 ~l / lens h -1. 
D a t a  r e p o r t e d  for  t h e  r a b b i t  lens  ~ for  t h e  ha l f  t i m e  fo r  

exchange  of w a t e r  ( t{  = 15 rain) m e a n s  t h a t  t h e  ave rage  
exchange  r a t e  is a t  leas t  550 ~xl/lens h -  l or a b o u t  10-20 t imes  
more  r ap id  t h a n  t h e  e s t i m a t e d  r a t e  of secret ion.  These  
ca lcu la t ions  sugges t  w h y  a n i s o t r o p y  of w a t e r  u p t a k e  
in to  t h e  lens was n o t  de t ec t ab l e  2. 

I f  t h e  inu l in  space of t h e  r a b b i t  lens is a b o u t  t h e  same  
as was r epo r t ed  for t h e  r a t  lens (10 % of lens water )  t h e n  
a 250 m g  r a b b i t  lens would  h a v e  a n  inu l in  space  of a b o u t  
17 ~zl. I f  t h e  inu l in  space equa l s  t h e  ex t race l lu la r  space of 
t h e  lens i t  m e a n s  t h a t  t h e  secre t ion  r a t e  is suf f ic ien t  for 
t h e  ex t race l lu la r  space to be  secre ted  each  20-30 rain.  
Such  a t u r n o v e r  of ex t race l lu la r  space would  be  a reason-  
able  m e c h a n i s m  to  a id  in  r e m o v a l  of m e t a b o l i c  was te  
p r o d u c t s  f rom cor t ica l  f ibers  a n d  would  ce r t a in ly  con-  
t r i b u t e  to  t h e  an i so t rop ic  exchange  o f c a t i o n s .  T h e  f ind-  
ing of a ' f iber  o p t i c s ' d i k e  n e t  m o v e m e n t  of f luid t h r o u g h  
t h e  f resh ly  excised lens is cons i s t en t  w i t h  a un id i r ec t iona l  
t u r n o v e r  of e x t r a c e l l u l a r  f lu id  a n d  is also cons i s t en t  w i t h  
a n  ear l ier  f i nd ing  of t h e  a u t h o r  10 of m o v e m e n t  in  v ivo  of 
n i t r o b l u e  t e t r a z o l i u m  chlor ide  a long  lens f ibers  r a d i a t i n g  
f rom t h e  pos te r io r  su tu re  l ine.  Th i s  f i nd ing  is also con- 
s i s t en t  w i t h  t h e  repor ted~i  p a t t e r n  of m o v e m e n t  of 
f luorescein  in t h e  d eeap s u l a t ed  calf lens. All  these  f ind ings  
a p p e a r  to  be  r e l a t ed  to  t h e  f ib rous  s t r u c t u r e  of t h e  lens 
cortex.  

T h e  obse rva t ions  t h a t  a lens r ap i d l y  excised pos t  m o r t e m  
secretes  f luid less r ap i d l y  t h a n  if a f luid source is p r e s en t  
on  t h e  pos te r io r  surface  m a k e s  i t  a p p e a r  t h a t  t h e  sec re t ion  
r a t e  m a y  be  con t ro l l ed  b y  t h e  a v a i l a b i l i t y  of f lu id  to  t h e  
pos te r io r  end  of lens cor t ica l  f ibers.  I f  so does t h e  compo-  
s i t ion  of t h a t  f luid m a t t e r  ? I n  p a r t i a l  answer  to  t h i s  
ques t ion  i t  was obse rved  t h a t  b i t s  of v i t r e o u s - b o d y  
(Na+ r ich  fluid) or b i t s  of c i l ia ry  processes  (K+ r i ch  
fluid) were b o t h  d e h y d r a t e d  a t  a b o u t  t h e  s ame  ra te .  
A p rac t i ca l  a spec t  of these  f ind ings  m a y  be  t h e  ob-  
s e rva t i on  m a d e  b y  eye surgeons  who  h a v e  used si l icone 
oil for v i t r eous  t r a n s p l a n t s  in  r e t i na l  d e t a c h m e n t  sur- 
gery  n.  T h e y  n o t e d  t h a t  a fa i lure  to  leave v i t r eous  b o d y  
b e t w een  t h e  lens a n d  t h e  si l icone f luid i m p l a n t  r e su l t ed  in 
a c a t a r a c t o u s  lens. 

Rdsumd. Des cr is ta l l ins  de l ap ins  couv6s  d a n s  des 
d im6thy ls i l i cones  s6er6 tent  u n  f luide ~ leur  surface  an t6-  
r ieure.  Ce f luide p e u t  p r e n d r e  le m6me  aspec t  e t  la mSine 
r4 t i cu la t ion  q u ' u n  morceau  du  tfssu de la surface post6-  
r ieure,  si le c r i s ta l l in  es t  excis6 p r o m p t e m e n t  apr6s  la 
mor t .  
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Fig. 3. A rabbit lens was excised rapidly post mortem, freed of excess 
surface fluid, and had a piece of ciliary process placed on its posterior 
surface. The ciliary process indicated by the arrow was photo- 
graphed through the lens immediately after placement ill silicone oil. 
The inset, a photograph of the anterior surface, was taken about 
30 mill later. It revealed a pool of fluid which began to form prior to 
15 min of incubation (room temperature). This fluid was directly 
opposite the ciliary process on the other surface and had a very 
similar shape. The volume of the tissue decreased approximately by 
half during 30 rain incubation. 

9 R. A. THOFT and J. H. I~INOSHITA, Invest. Ophthal. 4, 122 (1965). 
10 W. g. FOWLKS, Invest. Ophthal. 4, 743 (1965). 
11 p. A. CIBIS, Vitreoretinal Pathology and Surgery i~ Retinal Detach- 

ment (The C. V. Mosby Co., St, Louis 1965), p. 236. 
J'~ This work was supported in part by a grant from the Institute of 

Neurological Diseases and Blindness N.I.H., No. NB01979. The 
technical assistance of R. LUKANEN and Carolyn MCDONALD with 
picture taking and lens preparation respectively is gratefully 
acknowledged. The author gives a speciM thanks to Prof. J. E. 
HARRIS for helpful discussions and encouragement wihch led to 
this work. 


