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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 



1392 Specialia }~ XPERIENTIA 28/11 

f low b y  v i r t u e  of s impl i c i ty  and  p a u c i t y  of ar t i fac ts .  I t s  
m a j o r  d i s a d v a n t a g e  h a s  been  t he  d i f f icu l ty  in  o b t a i n i n g  
an  au toma t i c ,  c o n t i n u o u s  record ing  of t he  d i s p l a c e m e n t  
of t he  meniscus .  An  op t ica l  m e t h o d  has  the re fore  been  
deve loped  t h a t  obv ia t e s  such  a d i sadvan tage .  

An  ho r i zon ta l  p i p e t t e  is a t t a c h e d  to  a c h a m b e r  in  wh ich  
t he  m e m b r a n e  is m o u n t e d .  T he  a p p a r a t u s  for  c o n t i n u o u s  
m o n i t o r i n g  of t he  m o v e m e n t  of t he  meniscus  is schema-  
t ized  in F igure  1A. The  m a i n  p a r t s  of t he  s y s t e m  are :  
a) A mdto r i zed  car r iage  d r iv ing  a l igh t  source, a pho to -  
sens i t ive  e l emen t  (eg., a photocel l )  and  a pen.  b) A re lay  
be tween  t he  op t ica l  sys t em and  the  car r iage  motor .  
c) A record ing  device,  eg., a s t r ip  c h a r t  recorder .  The  
m o v i n g  car r iage  consis ts  of a m e t a l  piece w i t h  d i f fe ren t  
op t ica l  a n d  record ing  e l ement s  a t t a ched .  This  a s sembly  
sl ides on  a ra i l  a n d  is dr ivef i  b y  a n  o r d i n a r y  electr icM 
m o t o r  a n d  a precis ion-cut ,  s teel  lead screw. T he  m o t o r  
speed is a d j u s t a b l e  a n d  g rea te r  t h a n  t he  m a x i m a l  esti- 
m a t e d  speed of t he  meniscus  m o v e m e n t .  The  fol lowing is 
a n  example  of a su i t ab le  carr iage  a s sembly :  a) a 3.5 vo l t s  
e lec t r ica l  bulb ,  w i t h  focus ing  lens, b) a pho to re s i s t ance  
Ph i l ips  O R P  60 a n d  c) a n  ink  pen.  

The  re lay  be tween  t h e  op t ica l  s y s t e m  a n d  the  carr iage  
m o t o r  is s chema t i zed  on  F igure  2. The  a m p l i f y i n g  circui t  
is r ep resen ted  on t he  lef t  p a r t  of t he  d iag ram.  The  s ignal  
coming  f rom ~che pho to - r e s i s t ance  O R P  60 is ampl i f i ed  in a 
co ld-ca thode  tube ,  Phi l ips  Z 805 U, and  t h e n  in jec ted  in to  
the  de lay  c i rcui t  b y  means  of an  e lec t ro -magne t i c  swi tch.  
The  de lay  circuit ,  r ep resen ted  on  t he  r i gh t  p a r t  of t he  
d iagram,  d i rec t ly  c o m m a n d s  t h e  electr ical  m o t o r  b y  means  
of a second e lec t ro -magne t i c  switch.  F ina l ly ,  t he  electr ical  
m o t o r  sets in to  m o t i o n  t he  car r iage  a s sembly  on t h e  lead 
screw. The  de lay  t i m e  is a d j u s t a b l e  up  to 3 sec, accord ing  
to the  flow r a t e  of t h e  l iquid inside t h e  p ipe t te ,  in  order  
to  s m o o t h  t h e  recording.  

The  m e t h o d  t akes  a d v a n t a g e  of t he  d i f ference  in op t ica l  
cha rac te r i s t i c s  be twee n  t he  meniscus  a n d  t he  zone of t he  
p i p e t t e  fi l led w i t h  l iquid,  as shown in F igure  1B b y  a 
pho to r e s i s t ance  m e a s u r e m e n t .  W h e n  t he  carr iage  is 
p laced  in f r o n t  of t he  e m p t y  zone of t he  p ipe t te ,  t he  
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pho tosens i t i ve  e l emen t  will  d r ive  the  car r iage  m o t o r  b y  
m e a n s  of t h e  re lay  s y s t e m  to a pos i t ion  i m m e d i a t e l y  
adj acen t  to  t he  meniscus .  A t  th i s  poin t ,  a suff ic ient  a m o u n t  
of l igh t  reaches  t he  pho tosens i t i ve  e lement ,  p laced  on  an  
axis  pe rpend icu l a r  to  t he  p ipe t te ,  a n d  the  m o t o r  is 
s topped.  M o v e m e n t  of t he  meniscus  t owards  t h e  c h a m b e r  
will  i n t e r c e p t  t he  l igh t  source a n d  will  t r igger  t he  car r iage  
m o t o r  un t i l  i l l u m i n a t i o n  of t he  pho to sens i t i ve  e l emen t  
aga in  occurs. The  m o v e m e n t  of t he  car r iage  a n d  t h a t  of 
t he  meniscus  ins ide  t he  p i p e t t e  are  para l le l  and  of t he  
same magn i tude ,  as i nd ica t ed  b y  t he  a r rows in F igure  1A. 
The  m o v e m e n t  of t he  carr iage  can  be  d i rec t ly  recorded  on 
the  c h a r t  of an  o rd ina ry  pen  recorder .  The  s ens i t i v i t y  of 
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Fig. 2. Schematic drawing of the relay between the optical system 
and the carriage motor. 
EMS1, EMS2, electromagnetic switches; M, carriage motor. 
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Fig. 3. Automatic, direct recording of water flow across frog skin, 
obtained with the system described in Figure 1. The derived curve at 
the bottom can also be obtained automatically. 

Fig. 1. A) Schematic representation of a system for measuring water 
flow with automatic recording: motorized carriage (1), which carries 
a light source [2), a photosensitive element (3) and a pen (4). The 
meniscus (5) moves inside the pipette (6) towards a chamber (7) 
divided by a membrane (8). When the meniscus intercepts the optical 
axis of the system, the carriage moves until illumination of the photo- 
sensitive element occurs. B) Differences in illumination of the 
photosensitive element produced by different zones of the pipette. 

1 p . j .  BENTLEY, J. Endocr. 77, 201 (1958). 
2 R. M. HAYS and A. LEAF, J. gem Physiol. gS, 905 (1962). 
s p. EGGENA, I. L. SCHWARTZ and R. WALTER, J. gen. Physiol. 52, 

465 (1968). 
4 j .  BOURG~ET and S. JARD, Biochim. biophys. Acta 88, 442 (1964). 
*5 I. S. EDELMAN, M. J. PETERSEN and P. F. GULYASSY, J .  clin. 

Invest. 43, 2185 (1964). 
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t h e  m e t h o d  depends  essen t ia l ly  on  t he  cha rac te r i s t i c s  of 
t h e  p ipe t te ,  f r ac t ions  of a mic ro l i t e r  be ing  easi ly measured .  

F igure  3 gives a n  e x a m p l e  of t he  record ing  o b t a i n e d  in 
a n  e x p e r i m e n t  conce rn ing  t h e  m o v e m e n t  of w a t e r  
t h r o u g h  t he  frog skin.  T he  m e m b r a n e  was s u b m i t t e d  to  a 
c o n c e n t r a t i o n  g r a d i e n t  of 1 : 10, e s t ab l i shed  w i t h  a R i n g e r  
so lu t ion  and  t he  s ame  so lu t ion  d i lu t ed  10 t imes�9 D u r i n g  
t h e  con t ro l  pe r iod  a sma l l  f low of w a t e r  passed  t h r o u g h  
t he  m e m b r a n e .  A d d i t i o n  of oxy toc in  to  t he  i n t e r n a l  side 
of t he  sk in  p r o m o t e d  an  increase  in  w a t e r  f low as shown  
b y  t he  change  in s lope of t h e  recording�9 

The  record ing  shown  in F igure  3 r ep resen t s  one of a 
n u m b e r  of p o t e n t i a l  m e t h o d s  of p rocess ing  t h e  i n fo rma-  
t i on  ob ta ined .  A d d i t i o n  of a p p r o p r i a t e  s t a n d a r d  e lec t ronic  
c i rcui ts  to  t he  m a i n  s y s t e m  would  allow, for example ,  t h e  
d ig i ta l  t r a n s f o r m a t i o n  of t h e  d a t a  or i ts  conve r s ion  in to  
desi red f low units �9 

The  s h a r p  op t ica l  t r a n s i t i o n  b e t w e e n  t he  meniscus  and  
t he  zone of t he  p i p e t t e  fi l led w i t h  l iquid  ha s  t h u s  been  
u t i l ized  in t he  des ign of a re l iab le  a n d  sens i t ive  s y s t e m  
p e r m i t t i n g  con t inuous ,  a u t o m a t i c  record ing  of t h e  move-  
m e n t  of t he  meniscus�9  I n f o r m a t i o n  a b o u t  t he  f low of 

water is hence  p r o v i d e d  w i t h o u t  in t e r fe rence  w i t h  t he  
f low itself, b y  an  op t ica l  device  t o t a l l y  i n d e p e n d e n t  of t he  
c h a m b e r  + p i p e t t e  sys tem.  Indeed ,  t he  a p p a r a t u s  de- 
scr ibed m a y  read i ly  be  app l ied  for l iqu id  f low measure -  
m e n t s  in  a wide v a r i e t y  of o the r  sys tems% 

Rdsumd. U n e  m 6 t h o d e  o p t i q u e  d ' e n r e g i s t r e m e n t  au to-  
m a t i q u e  de f lux  d ' eau  g t r a v e r s  des m e m b r a n e s  biolo- 
giques e t  s y n t h 6 t i q u e s  est  d6cri te .  Le  m o u v e m e n t  d ' u n  
m6n i sque  g l ' i n t6 r i eu r  d ' u n e  p i p e t t e  est  suivi  de mani~re  
con t inue  g l ' a ide  d ' u n  disposi t i f  pho tosens ib le ,  sans  in te r -  
f6rence avec  le f lux  lui-mSme. 

M. R/~PHI, l~. C. DE SOUSA, E. FAVROD-CouNx 
and J. M. POSTERNAK 

D@artement de Physiologic de l' Universitd, 
Ecole de Mddecine 
CH-1211 Gen~ve d (Switzerland), 15 May 1972. 
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6 Supported by SNSF grant No. 3.567.71. 

Ultramikromethoden.  Hydrolyse von Essigsiiureestern 

I n  der  2. Mi t t e i l ung  dieser  Re ihe  1 wurde  eine Ul t r a -  
m i k r o m e t h o d e  zur  Ac e t y l i e r ung  yon  Alkoho len  beschr ie-  
ben.  A c e t y l i e r u n g s e x p e r i m e n t e  waren  m i t  je 1 Nano-  
g r a m m  der  fo lgenden  Alkohole  du rchge f t i h r t  worden :  
1-Hexanol ,  1-Octanol ,  1-Decanol,  1-Dodecanol ,  1-Tetra-  
decanol ,  1 -Hexadecanol ,  2-Octanol .  

Das  gleiche expe r imen te l l e  V e r f a h r e n  1/isst s ich auf  die 
Hydro ly se  de r  v o n  den  g e n a n n t e n  Alkoho len  abge le i t e t en  
Ess igs / turees ter  anwenden .  Als H y d r o l y s e r e a g e n s  d i en t  
0,2 N K O H  in 9 0 % i g e m  M e t h a n o l  ftir die A c e t a t e  der  
prim~Lren Alkohole  u n d  0,5 N K O H  in 9 0 % i g e m  M e t h a n o l  
ftir 2 -Octy lace ta t .  I n  die Mi t t e  e iner  P r o b e n k a p i l l a r e  
(L~nge 40 mm,  g~ ~ 0,92 m m ,  i. ~ 0,32 m m )  wird  m i t  Hi l fe  
e iner  S t aukap i l l a r e  (L~nge 60 m m ,  ~. ~ 0,9 m m ,  i . ~  0,05 
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a) Gaschromatogralnm des aus i ng t-Decylacetat entstandenen 
1-Decanols (Peak A). 
b) Gaschromatogramm von 1 ng 1-Deeylaeetat (Peak B). 

mm)  auf  die frf iher  besch r i ebene  Weise  1 ng  des jeweil igen 
Es te r s  u n d  ansch l iessend  eine e twa  0, 5 m m  h o h e  S~ule des 
Hydro ly se r eagens  a u f g e n o m m e n .  Die R e a k t i o n  is t  in  
a l ien F~l len  i n n e r t  30 m i n  beende t .  Da  die Fl i i ss igkei t  in  
der  P r o b e n k a p i l l a r e  n a c h  Ab lau f  dieser  Zei t  me i s t  in  
F o r m  einer  d t innen  Lamel le  vor l iegt ,  schl iess t  m a n  eine 
S t a n k a p i l l a r e  a n  u n d  e r te i l t  der  Lamel le  e inen  oder  meh-  
rere  Drucks t6sse ,  bis  s i t  z u s a m m e n b r i c h t .  

Die aus  der  H y d r o l y s e  h e r v o r g e g a n g e n e n  Alkohole  las- 
sen sich h i e rau f  g a s c h r o m a t o g r a p h i s c h  nachwe i sen  m i t  
Hi l fe  der  Me thode  u n d  u n t e r  den  Bed ingungen ,  die f r t iher  
bei  der  U n t e r s u c h u n g  der  e n t s p r e c h e n d e n  Ace t a t e  ange-  
w e n d e t  w o r d e n  sind.  Die F igu r  zeigt  als Beispiel  ein Gas- 
c h r o m a t o g r a m m  a) m i t  d e m  P e a k  A u n d  ein G a s c h r o m a -  
t o g r a m m  b) m i t  dem P e a k  B. P e a k  A s te l l t  das  aus  der  
H y d r o l y s e  yon  1 ng  1 -Decy lace ta t  e n t s t a n d e n e  1-Deca- 
nol  dar,  P e a k  B i ng  des A u s g a n g s m a t e r i a l s  1-Decylace ta t .  

I n  bezug auf  die G a s c h r o m a t o g r a m m e  der  Hydro lyse -  
p r o d u k t e  yon  1 -Te t r adecy l ace t a t  sowie 1 -Hexadecy lace-  
t a t  is t  zu e rwghnen ,  dass  einige F r e m d p e a k s  auf t re ten ,  
die d e m  Hydro ly se r eagens  zuzuschre iben  s ind u n d  sich 
n i ch t  e l imin ie ren  lassen. Der  Nachweis  des 1-Tet radeca-  
nots bzw. 1 -Hexadecano l s  wi rd  d a d u r c h  e twas  bee in t r / ich-  
t ig t .  

Benf i tz te  P r o b e n k a p i l l a r e n  e n t h a l t e n  e inen  K O H -  
R t i c k s t a n d  u n d  werden  a m  bes t en  so gereinigt ,  dass  m a n  
das  eine E n d e  in t i n  Sch~lchen  m i t  Wasse r  e i n t a u c h t  u n d  
t iber  das  ande re  E n d e  h inweg  e inen  kr / i f t igen Gass t rom,  
s enk rech t  zur  Kap i l l a renachse ,  1citer. Die Kap i l l a r e  fi i l l t  
s ich so m i t  Wasser ,  das  m a n  ansch l iessend  ausbl/~st. Die 
O p e r a t i o n  wi rd  e twa  zweimal  w iede rho l t  ~. 

Summary. A hydro lys i s  m e t h o d  for n a n o g r a m  a m o u n t s  
of acet ic  acid esters  is descr ibed.  

S. HUWYLER 

Organisch-chemisches lnstitut der Universitdt, 
Riimistrasse 76, CH-8001 Ziirich (Schweiz), 6. Juni  7972. 

1 2. Mitteilung: S. HUWYLER, Experientia 28, 718 (1972). 
Herrn Prof. Dr. M. VlSCONTIm danke ich ffir wertvolle Dirkussionei1 
und dem Schweizerischei1 Nationalfonds zur F6rderung der 
wissenschaftliehen Forschung flit die finanzielle Unterstiitzung. 


