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D M S O  has  also p r o v e d  i ts  mer i t s  as a so lven t  of m e t a -  
bol ic  i nh ib i t o r s  in  e x p e r i m e n t s  w i t h  yeasts .  On a syn-  
t h e t i c  glucose med i um ,  b o t h  in s ta t i c  c u l t i v a t i o n  and  in 
c u l t i v a t i o n  on  a shaker ,  i t  d id  no t  in f luence  to a n y  
apprec i ab le  e x t e n t  t h e  course  of g r o w t h  curves  of t h e  
yeas t s  Saccharomyces cerevisiae a n d  Candida albicans in  
c o n c e n t r a t i o n s  up  to  5%. Only  a t  a b o u t  a c o n c e n t r a t i o n  
of 10%, p ro longa t i on  of t he  lag phase  and  decrease  in t he  
r a t e  of g r o w t h  was observed .  However ,  n o t  even  10% con- 
c e n t r a t i o n  of DMSO p r o v e d  suff ic ient  to  s top  t he  pro-  
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Fig. 4. Oxygen consumption by S. cerevisiae sferoplasts in synthetic 
medium x~ containing 0.6M KC1 s. C, control; 1, % DMSO. Measured 
manometrically at 28 ~ 
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Fig. 5. Growth E. coli B on synthetic medium at 37 ~ under aeration. 
C, control; 1, 2 and 5 represent final concentration of % DMSO. 

l i fera t ion  of cells of C. albicans (Figure  3). I n  1% concen-  
t r a t i o n  i t  d id  no t  inf luence  t he  i n t e n s i t y  of r esp i ra t ion  no r  
change  t he  r e sp i r a t i on  quo t i en t .  I n  t he  same concen t ra -  
t ion  i t  d id  no t  inf luence  t he  i nco rpo ra t i on  of adenine-14C 
and  leucine-14C e i the r  (Table  II) .  DMSO has  p roved  like- 
wise useful  in  s t u d y i n g  the  inf luence  of i so th iocyana te s  
and  an t ib io t i c s  on  t h e  p ro top l a s t s  of S. cerevisiae where  in 
1% c o n c e n t r a t i o n  i t  d id  no t  inf luence  r e sp i r a t ion  (Figure 
4), i n c o r p o r a t i o n  of adenine- laC a n d  leucine-14C in i t s  
p ro top l a s t s  in  a h y p e r t o n i c  s y n t h e t i c  m e d i u m  s, 

DMSO has  also p r o v e d  ef fec t ive  as a so lven t  when  
s t u d y i n g  t h e  in f luence  of i nh ib i t o r s  on  me tabo l i c  pro-  
cesses in  bac te r ia .  As i t  appea r s  f rom F igure  5, in  1% con-  
c e n t r a t i o n  i t  d id  n o t  inf luence  p ro l i fe ra t ion  of t he  
bac t e r i a  E. coli ]3. I n  a c o n c e n t r a t i o n  of 5% i ts  i n h i b i t o r y  
inf luence  h a d  a l r eady  become  mani fes t .  W h e n  inves t iga t -  
ing biological ly  effect ive  subs t ances  aga ins t  M. tubercu- 
losis Hs~Rv, so lu t ions  of these  subs t ances  in  DMSO could 
l ikewise be  ut i l ized to a d v a n t a g e  9. 

As we were able  to  show, ce r t a i n  p ro tozoa  are pa r t i cu -  
l a r ly  sens i t ive  to  t h e  presence  of organic  so lvents  in t he  
cu l tu re  m e d i u m  used. For  ins tance ,  d i m e t h y l f o r m a m i d e  
a n d  e thano l  in  5% c o n c e n t r a t i o n  will i r revers ib ly  s top 
mob i l i t y  of t he  p ro tozoa  Euglena gracilis. DMSO in a 
p e p t o n e  m e d i u m  in 5% c o n c e n t r a t i o n  will on ly  cause a 
revers ib le  loss of mob i l i t y  of E. gracilis cells. Af te r  several  
hou r s  t h e i r  mob i l i t y  will become  en t i r e ly  or  pa r t i a l ly  re- 
s tored.  I n  a c o n c e n t r a t i o n  u n d e r  2% DMSO h a s  no  inhi -  
b i t o r y  inf luence  on  t he  mob i l i t y  of E. gracilis cells. 

Zusammen[assung. Es  wird  gezeigt, dass  1 -2%iges  Di- 
m e t h y l s u l f o x y d  s ich als unschi id l iches  L6sungsmi t t e l  fiir 
an t i bak t e r i e l l e  S u b s t a n z e n  besonders  gu t  eignet .  
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The Relative Antiquity of Fenestrated Blood Capillaries and Lymphatics, and their Significance f o r  

the U p t a k e  of  L a r g e  Molecules: an Electron Microscopical Investigation in an E l a s m o b r a n c h  

L y m p h a t i c s  r e m o v e  large molecules  f rom t h e  t issues.  
F e n e s t r a t e d  b lood  capi l lar ies  m a y  also r e m o v e  large 
molecules  x-~. The  p r o b a b l e  m e c h a n i s m s  i n v o l v e d  h a v e  
been  discussed elsewhere ~, 3. 

One  of t h e  ve ry  few s tudies  of t he  r e l a t ive  ef fec t iveness  
of t he  b lood  vessels and  t he  l y m p h a t i c s  in  t h e  r e m o v a l  of 
large molecules  conc luded  t h a t  the  b lood capi l lar ies  are  
t h e  m a j o r  m e c h a n i s m  for t he  r em ova l  of e x t r a v a s c u l a r  
p ro t e in  f rom sk in  5. Recent ly ,  SZABO ~ has  found  t h a t  in  
t h e  co r t ex  a n d  in t h e  medu l l a  of the  k idney ,  where  fenes- 
t r a e  are  ve ry  n u m e r o u s  ~, t h e  blood removes  a b o u t  100 
t i m e s  more  p ro t e in  t h a n  t he  l y m p h  does e. I n  t h e  skin,  t h e  

b lood  a n d  l y m p h  sys tems  are  a b o u t  equa l ly  effective.  
I-Iere t he re  are  few fenes t rae  1, ~ a n d  hence  m a n y  of t h e  
molecules  r e m o v e d  b y  t he  b lood m a y  en t e r  t he  capi l lar ies  
v ia  t he  smal l  endo the l i a l  vesicles 1, s-10. 

I n  p r i v a t i v e  fish, t h e  absence  of l y m p h a t i c s  ha s  m a d e  i t  
d i f f icul t  to  u n d e r s t a n d  how t h e  t issues are cleared of large 
molecules  zl. I n  sp i te  of ear l ier  confusion,  i t  is now con- 
s idered t h a t  t r ue  l y m p h a t i c s  are  a b s e n t  in  m o s t  species of 
e lasmobranchs12,  x3, inc lud ing  t he  P o r t  J a c k s o n  shark ,  
Heterodontus portusjacksoni (Meyer), wh ich  we s tudied.  
(We also in jec ted  col loidal  c a r b o n  in to  t he  i n t e s t i na l  wall,  
a n d  found  no  lympha t i c s . )  Pieces  of in tes t ine ,  k idney,  
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p a n c r e a s  a n d  c i l i a r y  b o d y  we re  f i x e d  w i t h  g l u t a r a l d e h y d e  
a n d  o s m i u m  t e t r o x i d e ,  e m b e d d e d  in  a r a l d i t e  a n d  s t a i n e d  
w i t h  l e a d  c i t r a t e  a n d  u r a n y l  a c e t a t e .  

F e n e s t r a t e d  b l o o d  cap i l l a r i e s ,  u s u a l l y  p o s s e s s i n g  d ia -  
p h r a g m s ,  w e r e  f o u n d  in  a l l  t h e  t i s s u e s  ( F i g u r e s  1-3) .  T h e  
e n d o t h e l i u m  of  t h e  cap i l l a r i e s  r e s e m b l e d  t h a t  in  t h e  
m a m m a l s  1, w i t h  3 e x c e p t i o n s .  T h e  b a s e m e n t  m e m b r a n e s  
o f t e n  a p p e a r e d  less  s u b s t a n t i a l  ( F i g u r e s  1-3) .  W h i l e  t h e  
i n t e r c e l l u l a r  j u n c t i o n s  a l l  a p p e a r e d  to  p o s s e s s  zonulae 
occludentes, t h e  cel ls  we re  o f t e n  less  c l o se l y  a p p l i e d  in  t h e  
o t h e r  p a r t s  of  t h e  j u n c t i o n s  ( F i g u r e  1). ( I t  is l i k e l y  t h a t  
b o t h  o f  t h e s e  f e a t u r e s  a r e  r e f l e c t i o n s  o f  t h e  low b l o o d  
p r e s s u r e s  in  Heterodontus.) T h e  t h i r d  d i f f e r e n c e  is p r o b a b l y  
c a u s e d  b y  t h e  v e n o u s  p r e s s u r e s  o f t e n  b e i n g  n e g a t i v e 1 1 :  
t h e  a b l u m e n a l  e n d o t h e l i a l  p l a s m a  m e m b r a n e s  in  t h e  
v e n o u s  l i m b s  of  c a p i l l a r i e s  a n d  in  v e n u l e s  o f t e n  h a d  m a n y  

c o n n e c t i v e  t i s s u e  f ib r i l s  a t t a c h e d  t o  t h e m ,  s o m e t i m e s  o n  
t o  s m a l l  e n d o t h e l i a l  p r o j e c t i o n s .  T h e s e  a r e  n o t  f o u n d  in  
m a m m a l i a n  b l o o d  ve s se l s ,  b u t  a r e  f o u n d  in  m a m m a l i a n  
l y m p h a t i c s ,  w h e r e  t h e y  s e r v e  t o  m a i n t a i n  t h e  p a t e n c y  of  
t h e  v e s s e l s  a g a i n s t  t i s s u e  p r e s s u r e s  w h i c h  a r e  h i g h e r  t h a n  
t h o s e  in  t h e  v e s s e l s  14. I n  c o n t r a s t  w i t h  m a m m a l i a n  
l ympha t i c s14 ,15 ,  h o w e v e r ,  n o  c o m p l e t e l y  o p e n  j u n c t i o n s  
w e r e  seen .  

I n  t h e  i n t e s t i n a l  v i l l i  t h e r e  w e r e  m a n y  p a r t i c l e s  ( ~  20 
n m )  r e s e m b l i n g  l i p o p r o t e i n s  15 ( F i g u r e  3). T h e y  w e r e  in  
v e s i c l e s  in  t h e  e p i t h e l i a l  cel ls ,  i n  t h e  l a m i n a  p r o p r i a ,  in  t h e  
f e n e s t r a e  a n d  s m a l l  v e s i c l e s  of  t h e  e n d o t h e l i u m ,  a n d  in  t h e  
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Fig. 1. Capillary in the kidney. There are a number  of fenestrae 
(arrows). A junction (J) between 2 endothelial cells shows 4 regions 
where the cells are closely apposed, but  they are quite widely 
separated along the rest of the junction. The poorly developed base- 
ment membrane of the capillary may  be compared with that  around 
the renal tubule cell. • 12,000. 

Fig. 2. Capillary in the kidney. 2 fenestrae are visible. One shows 
the fenestral diaphragm clearly; the other is probably insufficiently 
contained in the section, so tha t  any diaphragm is obscured by the 
obliquely sectioned plasma membranes around the fenestra. The 
basement  membrane (BM) is very tenuous. • 150,000. 
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lumens  of the  capi l lar ies  a n d  venules.  ~Vhere the  capil-  
laries were close to  t he  ar ter ioles ,  t he re  were few fenes t rae  
and  t he  par t ic les  were r e l a t ive ly  ra re  nea r  t h e  vessels a n d  
in  t h e i r  lumens .  The  venous  l imbs  of t he  capi l lar ies  h a d  
m a n y  fenes t rae  a n d  t he  par t ic les  were p len t i fu l  b o t h  
a d j a c e n t  to  t he  vessels a n d  in t he i r  lumens .  Th e  dif- 
ferences in t he  d i s t r i b u t i o n s  of t he  par t ic les ,  nea r  t h e  
vessels and  in t h e i r  lumens ,  is cons i s t en t  w i t h  t he i r  be ing  
swep t  t owards  a n d  in to  t he  venous  l imbs  b y  t he  ex t ra -  
va scu l a r  f luid pass ing  f rom the  a r t e r i a l  to  t h e  venous  ends  
of t he  capi l lar ies  in accordance  w i th  S ta r l ing ' s  hypothes i s .  
( In  m a m m a l s  t h e  m u c h  la rger  chy lomic ra  s imi la r ly  
a c c u m u l a t e  a r o u n d  t he  lacteals15.) Whi l e  i t  is imposs ib le  
to  say  w i t h  ce r t a in ty ,  i t  would  seem, f rom the  a p p a r e n t  
ease w i t h  wh ich  t he  par t ic les  en te r  t he  capil laries,  t h a t  
m o s t  of t h e m  pass  v ia  t h e  fenes t rae  r a t h e r  t h a n  v ia  t h e  
slow s y s t e m  of smal l  vesicles 8-10. (Genera l ly  the  vesicles 
c a n n o t  p rov ide  a n e t  r e m o v a l  of e x t r a v a s c u l a r  p r o t e i n s  
because  t h e  c o n c e n t r a t i o n s  of these  in m o s t  of t he  b o d y  
are lower  t h a n  those  in t he  b lood 8,10.) 

I n  t h e  ci l iary b o d y  t he  f enes t r ae  were m u c h  more  fre- 
q u e n t  in t he  capi l lar ies  in t h e  ci l iary process  t h a n  in those  
in t he  muscle.  The  capi l lar ies  in  the  process  are close to  
t he  ve ins ;  those  in t he  muscle  are close to t he  ar ter ies .  
H e n c e  i t  appea r s  t h a t  t h e r e  also, as in  t he  gu t  s , t h e  

ad rena l  4, t h e  r e t e  of t h e  rena l  medu l l a  1~ an d  t h e  swim 
b l ad d e r  17, an d  t h e  skin  7, f enes t rae  are c o n c e n t r a t e d  on  
t h e  venous  l imbs  of capil laries.  This,  t o g e t h e r  w i t h  t h e i r  
possess ion of d i ap h rag ms ,  are l ikely to  be  of f u n d a m e n t a l  
i m p o r t a n c e  for t h e i r  u p t a k e  of large molecules  f rom the  
t issues 3-,. 

Since Heterodontus has  fenes t rae  b u t  no  t r ue  lympha t i c s ,  
i t  seems conclus ive  t h a t  f enes t rae  a n t e d a t e  t h e  l y m p h a t i c  
sys tem.  I t  also appea r s  t h a t  t h e y  al low large molecules  to  
en t e r  t h e  b lood capi l lar ies  on  t he i r  venous  l imbs  3. W e  are  
left, t hen ,  w i t h  t h e  p r o b l e m  of w h y  t h e  l y m p h a t i c  s y s t e m  
deve loped  a n d  w h a t  i ts  i m p o r t a n t  func t ions  are. 

I n  some regions  the  l y m p h a t i c s  are i n d u b i t a b l y  impor -  
t a n t  for t h e  c learance  of par t ic les  an d  large molecules,  
p a r t i cu l a r l y  t hose  larger  t h a n  t h e  fenest rae .  E.g. in  t he  
ske le ta l  muscle  a n d  in all t h e  regions  of t h e  body  where  
fenes t rae  are in f requen t ,  especial ly  bo rde r ing  m e s o t h e l i u m  
l ined cavit ies .  I t  is l ikely t h a t  t h e y  are sti l l  of impor t ance ,  
even  in t h e  presence  of fenes t rae ,  if t he re  is m u c h  l y m p h  
flow, e.g. in  t h e  vil l i  of t h e  m a m m a l i a n  g u t  dur ing  diges- 
t ion.  However ,  t h e y  are b y  n o t  m e a n s  essent ia l  for t h e  
u p t a k e  of large  molecules.  

DRINKER 13 suggested  t h a t  t h e  l y m p h a t i c s  func t i on  
p r i m a r i l y  as spi l lways to  r e m o v e  t h e  large accumula t i ons  
of e x t r a v a s c u l a r  f luid wh ich  occur  in  ac t ive  muscles.  I t  
m a y  be  t h a t  t h e  l y m p h a t i c s  deve loped  for th i s  r eason  in 
t h e  h igher  fish, w i t h  t he i r  h igher  b lood  pressures.  T h e n  
t h e y  could also r emove  large molecules  d u r i n g  per iods  of 
h igh  l y m p h  flow 19. 

Rdsumd. Le r equ in  n ' a  p a s  de v ra i s  va i s seaux  l y m p h a -  
t iques ,  ma i s  ses capi l la ires  sangu ins  son t  fdnestrds, On  
suppose  que  les g randes  moldcules son t  61imindes des 
t i ssus  p a r  ces fenes t rae .  
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Adelaide (South Australia), 28 November 5969. 

Fig. 3. Venous limb of a capillary in an intestinal villus. There are 
numerous particles (circles) which resemble lipoproteins as seen in 
mammals. They are present in the connective tissue (CT) and lumen. 
One is very close to a fenestra (arrow). • 100,000. 
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Depolarization of Tooth Pulp Primary Afferent Fibers in the Medulla oblongata 

T he  depo la r i za t ion  of p r i m a r y  a f fe ren t  f iber  t e r m i n a l s  
in  t he  sp ina l  cord  a n d  medu l l a  o b l o n g a t a  ha s  been  t h e  
sub jec t  of i n t ens ive  inves t iga t ion ,  a n d  ev idence  ha s  accu-  
m u l a t e d  to  show t h a t  i t  is causa l ly  r e l a t e d  to  p r e - sy n ap t i c  
i n h i b i t i o n  1,2. Depo la r i za t i on  of f a s t - conduc t i ng  c u t a n e o u s  
f ibers  c an  be  p roduced  b y  s t i m u l a t i o n  of o the r  f ibers  
be long ing  to t h e  s ame  a f f e ren t  group 3. 

The  ain~ of t h i s  s t u d y  was to  see w h e t h e r  an  ana logous  
p r e s y n a p t i c  con t ro l  m e c h a n i s m  exis ts  a t  cen t r a l  t e r m i n a l s  
of t h e  a f fe ren t  f ibers  supp ly ing  t h e  t o o t h  pulp.  These  
f ibers  consis t  of s low-conduc t ing  f ibers  w i t h  m a x i m u m  

ve loc i ty  30-45 m/sec  ~ an d  i t  is genera l ly  recognized t h a t  
pa in  is t h e  on ly  m o d a l i t y  of pe rcep t ion  t h e y  subserve  5. 

Material and methods. T h e  e x p e r i m e n t s  were ca~rried 
o u t  on  16 ca t s  a n e s t h e t i z e d  w i t h  N e m b u t a l .  An imals  were 
f ixed in a s t e r eo tax ic  holder ,  t h e  pos te r ior  fossa was ex- 
posed an d  p a r t  of the  ce rebe l lum r e m o v e d  to gain access 
to  t h e  medu l l a  ob longa ta .  T h e  i n f r ao rb i t a l  ne rve  was  ex- 
posed an d  a b ipo la r  s t i m u l a t i n g  e lect rode p laced  close tQ 
i ts  p o i n t  of  ex i t  f r om t h e  i n f r ao rb i t a l  fo ramen.  T w o  cavi-  
t ies  were t h e n  p r e p a r e d  in t h e  u p p e r  a n d  lower c a n i n e  
t e e t h  a n d  fil led w i t h  R i n g e r  aga r  gel. T u n g s t e n  wire  


