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possibly on thymus-de r ived  lymphoid  cells has not  been 
repor ted  in the  l i terature.  We  concur  wi th  the  aformen;  
t ioned v iew t h a t  senescence should be regarded as a kind 
of p ro t rac ted  wast ing disease bu t  we assume tha t  in m a n y  
wast ing syndromes the  p r imary  cause for the progressive 
d iminu t ion  of the  avai lable  pool  of hormone-dependent ,  
mul t i func t iona l  thymus-de r ived  lymphocy tes  lies in ti le 
endocrine system. Example s  in suppor t  of this  v iew are 
the  different  wast ing or run t ing  syndromes,  the  hormona l ly  
deficient  short- l ived hypop i t u i t a ry  dwarf  mice whose life 
can be considerably  prolonged by  e i ther  hormone  t rea t -  
men t  or by  in jec t ion  of l y m p h  node lymphocy tes  xS, and 
the  shor t - l ived hormone-def ic ient  thymusless  'nude '  
mice 7,8. The  progressive deter ior ia t ion o f  this  hormone-  
lymphoid  cells re lat ionship seems even tua l ly  to be facilit-  
a ted  or  accelerated by m a n y  secondary  causes such as 
infection, stress, t r a u m a  and malnutr i t ion .  

Many of these accelera t ing  causes of senescence migh t  
derive f rom p rema tu re  des t ruct ion of hormone-sensi t ive  
t hymocy t e s  or t hymus-de r ived  lymphocy tes  by  hormones  
such as gonadot rophins  and adrenal  or gonadal  steroids. 
In  fact, in m a n y  condit ions of stress, bo th  emot iona l  and 
muscular,  the  levels of STH,  steroids and o ther  p i tu i t a ry  
t rophins  v a r y  grea t ly  75-s~. ThereIore in seeking to unrave l  
the  complex  process of ageing the  hormona l  factors 
regula t ing cells tu rnover  in the  t h y m u s  and in the  thymus-  
der ived tissues deserve special a t tent ion.  

Zusammen/assung. Es wird d~e Hypothese  vorgeschla-  
gen, dass T h y m u s - L y m p h o z y t e n  (T-Zellen) neben ihren 

klassischen immunologischen  Funk t ionen  wicht ige mul t i -  
funkt ionel le  hom6osta t i sche  Kont ro l l funkt ionen  ausiiben. 
StSrungen in der Beziehung zwischen dem endokr inen 
Sys tem und T h y m u s  ffihren zu Ausfal lerscheinungen und 
Altern.  
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P R O  L A B O R A T O R I O  

Automated Specimen Process ing for Electron Microscopy-  A New Apparatus 

While  a u t o m a t e d  specimen processing is avai lable  for 
paraff in  embedd ing  in l ight  microscopy,  plast ic  embedding  
for electron microscopy is stil l  carried out  manua l ly  in 
spite of the  fact  t ha t  e lectron microscopy is being in- 
creasingly appl ied to rout ine  (e.g. diagnostic) work and 
tha t  plast ic  embedding  is increasingly used also for l ight  
microscopy employ ing  0.1-1 micron- th ick  sections. 
Among  the  problems in au toma t ing  plast ic embedding  
are:  the  great  va r i e ty  of procedures,  the  small  size of the  
specimens, the  requi rements  for cleanliness, precision and 
reproducib i l i ty  of the  procedure,  the  incompat ib i l i ty  of 
some chemicals  wi th  machine  parts,  the  viscosi ty  and 
pre-polymer iza t ion  of the embedding  resins, etc. 

We  now present  a s imple  and compac t  appara tus  which 
au tomat i ca l ly  dehydra tes  and impregnates  up to 24 
specimens s imul taneous ly  wi th  up to 29 sequent ia l  
changes of 10 different  fluids. 

Description. The main  components  of the appara tus  
(Figure 1) are:  a r emovab le  suppor t  wi th  reservoir  flasks, 
silastic tubes closed by  e lec t romagnet icaI ly  dr iven  
gui l lo t ine- type  valves,  a 100 ml  po lypropylene  trough,  a 
moving  holder  wi th  24 disposable specimen baskets  
(Figure 2), a 5 1 conta iner  for disposed liquids, a pro- 
gramme-se lec t ing  panel  wi th  indicat ion l ights  (Figure 3), 
and an electric uni t  wi th  4 switches:  'Main' ,  'S ta r t ' ,  'S tep ' ,  
and 'Reset ' .  The  size of the  appara tus  (without  flask 
support)  is 31 X 35 x 40 cm, and its weight  is 20 kg. 

Mode of operation. W h e n  'Main '  and ' S t a r t '  are pushed, 
the  appara tus  fills 100 ml  fluid f rom any pre-selected 
flask into the  t rough,  moves  the  specimen baskets  up and 
down for a pre-selected t ime  period, then  stops the  mover  

ment ,  empt ies  the t rough and switches over  to the nex t  
step, which begins wi th  refil l ing the  t rough from the  same 
or another  flask. Up  to 29 such steps can be p rog rammed  
by  placing 2 pins for each step into the  p rogramme-  
select ing panel :  1 to de te rmine  the flask (A-K), and 1 to 
select the  t ime  period (0, 1, 2, 3, 5, 10, 15, 30, 45 or 60 rain 
per step). If  a t ime  posi t ion is left  w i thou t  a pin, the 
appara tus  operates  on this posi t ion unt i l  the  ' S tep '  switch 
is pushed. This enables the  appara tus  to operate  on one 
posi t ion for a longer period wi thou t  empty ing  the  t rough,  
e.g. overnight .  Thereby,  any evapora t ion  of fluid is 
compensated  by  au tomat i c  refil l ing f rom the  correspond-- 
ing flaski I n  addit ion,  the  'S tep '  switch can be pushed at  
any m o m e n t  in order to immed ia t e ly  e m p t y  the t rough 
and pass to the  nex t  step independent ly  of the  actual  
t ime  sett ing, whereas wi th  t i le 'Rese t '  swi tch the pro- 
g ramme can be in te r rup ted  at  any m o m e n t  by  proceeding 
direct ly  to the  ini t ial  zero position. 

Special [eatures. Self-cleaning of the  appara tus  is 
achieved af ter  t i le p r o g r a m m e  is finished and the  speci- 
mens are  t aken  ou t  by  s imply  adding some more steps, 
whereby  a resin solvent  or another  cleaner is to be  filled 
into some of the  flasks. A n y  of the  common  dehydra t ing  
fluids, resin solvents  and resins which are compat ib le  
wi th  silicone, teflon, polypropylene  and stainless steel can 
be used, e.g. water ,  buffers, aldehydes,  ethanol,  acetone,  
propylene  oxide, Epon,  etc. The  viscosi ty  of the fluids 
m a y  be as high as  tha t  of unpolymer ized  E p o n  resin and 
the  viscous fluids can be st i rred by  magnet ic  stirrers 
which are placed under  2 of the  flasks. Fluids are used 
only once and tile specimen baskets  are disposable. 
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The  va lves  close b y  s i m p l y  squeez ing  the  si l icone t ubes  
(Figure 2). There fore  t h e y  c a n n o t  be  b locked  b y  viscous 
fluids. 

The  ac tua l  s tep  in progress  is i nd ica t ed  b y  a l igh t  
(Figure 3), while,  in addi t ion ,  a coun te r  records  t he  com- 
p le ted  steps.  I n  case of a fa i lure  of t he  cu r r en t  t h i s  coun t e r  
ind ica tes  t he  s tep  a t  wh ich  the  i n t e r r u p t i o n  t ook  place. 

The  c o m p a r t m e n t  w h i c h  con ta ins  t he  t r o u g h  a n d  t h e  
va lves  is a i r - t i gh t  and  sepa ra t ed  f rom the  electr ic  uni t .  
Thus  h igh ly  i n f l a m m a b l e  f luids can  be  used w i t h o u t  
danger .  The  a p p a r a t u s  opera tes  as wel l  a t  4~ e.g. in  a 
cold room.  

Resul t s .  A p r o t o t y p e  of t h e  a p p a r a t u s  has  been  in 
ope ra t i on  in our  l a b o r a t o r y  since January 1972. Compara -  
t ive  m a n u a l  and  a u t o m a t e d  process ing  y ie lded resul ts  
wh ich  were ind i s t ingu ishab le .  Moreover,  us ing  the  ad-  
v a n t a g e  of a u t o m a t e d  longer  d e h y d r a t i n g  a n d  especial ly  
i m p r e g n a t i n g  t imes,  t i le  c u t t i n g  qua l i t y  of t he  b locks  
appea red  to  be even  enhanced .  

P o s t f i x a t i o n  w i t h  O s Q - s o l u t i o n  was comple t ed  pr io r  
to  t he  a u t o m a t e d  process ing in a sepa ra te  t r o u g h  which  
used re l a t ive ly  smal l  a m o u n t s  of th i s  r a t h e r  expens ive  
a n d  c o n t a m i n a t i n g  f luid (20 m l  for 24 specimens) .  T h e  
s u b s e q u e n t  a u t o m a t e d  process ing  consumed  lower amo-  
u n t s  of f luid t h a n  our  usual  processing.  

Most  s t r i k ing  was, however ,  t h e  t i m e  sav ing  in spi te  of 
t h e  fac t  t h a t  p o s t f i x a t i o n  w i t h  OsO4 was done  manua l ly .  
Due  to  the  s imple  an d  self-cleaning fea tu res  of t h e  
appa ra tu s ,  t echn ic i ans  were able  to  h a n d l e  i t  a f te r  one 
single d emo n s t r a t i o n ,  a n d  t h e  t i m e  t h e y  spen t  for one 
comple te  process  usua l ly  did  n o t  exceed 40 min.  

D i s c u s s i o n .  W e  h a v e  des igned a s imple  a p p a r a t u s  
which  is able  to  r ep roduce  exac t ly  a n d  re l i ab ly  a wide 
range  of d i f fe ren t  m a n u a l  d e h y d r a t i n g  an d  i m p r e g n a t i n g  
schedules,  because  t h e  a d v a n t a g e s  ga ined  b y  a u t o m a t i n g  
t h e  t i ssue  process ing  are  man i fo ld :  h i g h  reproduc ib i l i ty ,  
s av ing  of t i m e  a n d  mate r ia l ,  relief of t echn ic i ans  f rom 
bor ing  work,  b e t t e r  i m p r e g n a t i o n  due  to c o n t i n u o u s  
ag i ta t ing ,  avo idance  of c o n t a c t  w i t h  sk in-sens i t iz ing  
agents ,  cleanliness,  etc. I n  sp i te  of these  a d v a n t a g e s  no 
a p p a r a t u s  for process ing  of e lec t ron  microscopic  speci- 
mens  has  been  co mmerc i a l l y  ava i l ab le  to  date .  Two 
mach ines  w i t h  t h e  same  purpose  h a v e  been  descr ibed  in 
1967 b y  AIHARA et  al. ~, 2 a n d  NORRIS et  al. 3, 4 respect ive ly .  
The  AIHARA m a c h i n e  closely resembles  c o n v e n t i o n a l  
t i ssue  processors  for  l igh t  microscopy.  I t  is p r o g r a m m e d  
b y  a t ape  reader  an d  dips  up  to 20 spec imens  sequen-  
t ia l ly  in to  20 d i f fe ren t  j a r s  some of wh ich  can  be hea ted ,  
cooled and  even  evacua ted .  These  special  devices enab le  
th i s  r a t h e r  b ig  m a c h i n e  to  p e r fo rm  especial ly  soph i s t i ca t ed  
spec imen  processing,  whereas  our  a p p a r a t u s  h a s  fewer 
possibi l i t ies  b u t  is small ,  s imple  an d  easy  to handle .  Tile 
Norr i s  m a c h i n e  uses a spec imen  ho lder  a g i t a t e d  in a 
m i x i n g  c h a m b e r  wh ich  Can be  filled f rom 8 d i f fe rent  
reservoi rs  an d  e m p t i e d  to t a l l y  or hal f -way,  t h u s  a l lowing  
to m i x  the  ac tua l  a m o u n t  of f lu id  w i t h  t h e  newly  added  

1 •. AIHARA, }~J[. NO.~IZO, K. NAGATA, I71. NISHIKAWA and K. SUZUKi, 
J. Electron Mierosc. (Tokyo) 76, 285 (1967). 

2 K. AIHARA, H. ~X~ISHIKAWA, I{. OSADA, K. SUZUKI and T. NAKA- 
~URA, Igaku no Ayumi 63, 327 (1967, in Japanese). 

a G. F. NORRIS, W. G. BANFIELD and H. D. CHALIFOUX, Sci. Tools 
ld, 24 (1967). 

a W. G. BA~FIELD, in Some Biological Techniques in Electron Mi- 
croscopy (Ed. D. F. PARSONS; Academic Press, New York and 
London 1970), p. 165. 

Fig. 1. General view of the apparatus, showing the main features: 
reservoir flasks and removable support (A), stirrer (B), programme- 
seIeeting panel (C), disposable tubes (D), holder with specimenbaskets 
(E), trough (g), outlet valve (G), switches and counter for effected 
steps (H), container for disposed fluids with level indication (I). 

Fig. 2. Detail of the trough: guillotine valves with tubes (A), speci- 
men baskets, made from teflon and with grids of stainless steel at 
the base (B), basket holder (C), fluid Ievel control (~), overflow (D). 
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Fig. 3. Programme selecting panel. According to the programme selected in this illustration, the apparatus will perform the following 
steps: 1. step will be omitted due to time setting 0; 2 fluid A for 5 min;  3. fluid A (fresh) for 5 mi/1; 4 fluid B for 1 minute (e.g. short 
rinsing); 5. fluid B for 5 min, etc. The light (~) indicates the actual step in progress (in this instance step No. 5). At step No. 18 the 
apparatus will remain operating (time positions without pin) until the switch 'Step'  (not visible) is pushed in order to switch over to 
the following steps for self-cleaning. 

f lu id .  E x c e p t  for  t h e  m i x i n g  p r o c e d u r e ,  o u r  a p p a r a t u s  
o p e r a t e s  o n  a s i m i l a r  p r i n c i p l e .  H o w e v e r ,  i t  h a s  s o m e  
d i f f e r e n t  f e a t u r e s :  s p e c i m e n  b a s k e t s  a n d  t u b e s  a r e  
d i s p o s a b l e ,  c o n t a i n e r s  of  a n y  s ize  c a n  be  u s e d  as  r e se r -  
vo i r s ,  t h e r e  is n o  n e e d  o f  p u m p s ,  a n d  t h e  r e p r o d u c i b i l i t y  
of  t h e  p r o g r a m m e s  is a c h i e v e d  b y  f i x e d  t i m e  s e t t i n g s  a n d  
p r e m i x e d  f lu ids .  

Zusamme,z/assu,zg. E i n e  n e u e ,  e i n f a c h e  M a s c h i n e  z u r  
a u t o m a t i s c h e n  E n t w ~ L s s e r u n g  u n d  E i n b e t t u n g  e l e k t r 0 n e n -  
m i k r o s k o p i s c h e r  P r / i p a r a t e  w i r d  b e s c h r i e b e n .  B i s  zu  24 
P r / i p a r a t e  w e r d e n  g l e i c h z e i t i g  in  e i n e r  W a n n e  b e w e g t ,  
d e r e n  I n h a l t  h i s  29 rea l  a u s  10 v e r s c h i e d e n e n  B e h / i l t e r n  

entsprechend einem vorw~ihlbaren Programm ausge- 
wechselt wird. Die Maschine reproduziert zuverl~issig und 
genau zahlreiche bisher yon Hand ausgefiihrte Verfahren. 
Sie ist klein, einfach zu bedienen, kann fiber Nacht 
arbeiten und spart so viel Zeit. 

C. HAUDENSCHILD and H. TSCHIRKY 

Department o/Experimental Medicine, 
F. HoMmann-La Roche Co. Ltd., 
CH-4002 Basel (Switzerland), 
28 July 1972. 

PRO EXPERIMENTIS 

Optical Method for Measuring Water Flow with Automatic Recording 

Flow of water across biological and synthetic mem- 
branes is a major feature of their permeability charac- 
teristics. Neurohypophyseal hormones can drastically 
change the water permeability of structures like distal 
nephron and amphibian epithelia. These latter membranes 
have been widely used .both as a model of the mammalian 
kidney and as a convenient in vitro system to study water 
transport across polar epithelia. 

Measurements of water flow across toad bladder and 
frog skin have always presented technical difficulties. 
Three main types of technique have been proposed: 
I. gravimetric methods x-3, 2. a constant volume tech- 
nique with automatic recording 4, and 3. a volume flow 
technique employing an horizontal pipette 5. The move- 
nlent of a meniscus in an horizontal pipette or calibrated 
capillary is an almost ideal technique to measure water 


