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means  of a capi l lary p ipe t t e  b rough t  to the  b o t t o m  
(glued qua r t z  glass) to  avoid t r app ing  of air bubbles.  The 
procedure  is convenien t ly  pe r fo rmed  wi th  the  naked  eye 
or under  a low-power  s tereomicroscope.  A small  a m o u n t  
of excess fluid ( ~  1 ~zl) above the  r im of t he  c u r e t  pre-  
ven t s  bubb l e t r app ing  when  the  screw is fas tened  to t he  
socket.  The risk of bubble  fo rmat ion  is no t  serious even  
wi th  de te rgen t -con ta in ing  media,  e.g. SD S 0.5 ~o. 

The outer  d imensions  of t he  casing conform to t he  
microcel lhousing assessories (No. 507425) of the  Zeiss 
PMQ II  and  PMQ 3 spec t ropho tomete r s ,  b u t  m a y  easily 
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Fig. 2. UV-absorption spectrum of a preparation of rat brain micro- 
somal RNA s as determined in a Zeiss quartz MT 2 cuvet (A) and in 
the microcuvet described here (O). RNA was dissolved in 0.0036 M 
Tris-HC1, pH 7.6; 0.0034 M NaH2PO~; 0.0001 M EDTA; 10% 
sucrose. 150 and 5 ~xl of the solution were read respectively. The 
absorbance values for the microcuvet were corrected for the difference 
in pathlength by a factor 2. 
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Fig. 3. UV-absorption spectrum of RNA extracted from a sample 
(about 5 rug) of the CA3 region of rat brain hippocampus as deter- 
mined in the mierocuvet. RNA was extracted according to a micro- 
method described previously a with the addition of a DNase treat- 
ment and a final ethanol precipitation. The RNA pellet was dis- 
solved in 10 ~zl of sample buffer e, 8 ~zl of the sample were taken for 
subsequent etectrophoresis m~d a 2 ~zl aliquot was taken, diluted to 
6 g.1 with the buffer and read in the microeuvet described. 

be ad jus ted  for o the r  ins t ruments .  The d imensions  of the  
c u r e t  depic ted  in Figure  1 give a nomina l  volume of about  
4 tzl wi th  an opt ical  p a t h l e n g t h  of 5 mm,  bu t  these di- 
mensions  can be arb i t ra r i ly  changed  by  selecting d i f ferent  
bored  glass- tubings.  Cleaning the  cuvets  is made  by  
f lushing the  cav i ty  w i th  wa te r  by  use of a hypodermic  
syringe. 

We tes ted  the  accuracy of the  measu remen t s  in th is  
mic rocuve t  by  de te rmin ing  the  U V - s p e c t r u m  of micro- 
somal  1RNA mac ro ex t r ac t ed  f rom ra t  brain  5 b o t h  in an 
o rd ina ry  qua r t z  c u r e t  (Zeiss MT 2) and in the  cuve t  
described.  In  the  f i rs t  case we used 0.150 ml and in the  
second 5 t~l of sample .  The result ,  r epor ted  in Figure 2, 
shows an a lmos t  perfec t  ag reemen t  be tween  the  2 sets of 
measu remen t s  wi th  only s l ight  differences a t  220 and  
225 nm. Moreover,  readings a f te r  consecut ive  refillings 
indicate  a h igh reproducib i l i ty  of t he  measu remen t s  
(Table). 

As an example  of appl ica t ion  of the  microcuvet ,  we 
repor t  in Figure 3 t he  U V - s p e c t r u m  of R N A  ex t r ac t ed  
f rom a few mil l igrams of the  CA3 region of ra t  brain  
h ippocampus  by  a mic ro -me thod  descr ibed previously  a. 
This  case is one of those  where  it would have  been im- 
possible to use s t an d a rd  c u r e t s  for UV-absorbance  meas-  
urements .  

A microcuve t  in the  form of a capi l lary tube  suitable 
for use in the  Zeiss PMQ II  mic rocuve t  housing was 
descr ibed previously  6. We th ink  t h a t  the  sys tem descr ibed 
here presen ts  two advantages ,  f i rs t  the  optical  proper t ies  
are accurate  wi th in  a wider  range of opt ical  densit ies 
(Figure 1), second the  mechanica l  bui ld-up ensures a 
t i gh t  closure of the  cuve t  wi th  no risk of bubble  format ion  
dur ing  prolonged measu remen t s  (e.g. de t e rmina t ion  of 
reac t ion  kinet ics  or recording the  spec t rum of a sub- 
stance).  

The use of our cuve t  may  easily be ex t ended  to the  
visible range of the  spec t rum jus t  by  blackening its f lat  
ends. An obvious ut i l izat ion of such an extens ion  appears  
to  be the  reduc t ion  to the  microscale of the  colour reac- 
t ions  for RNA,  D N A  and pro te in  quan t i t a t i on  ~-K 

5 A. CUPELLO and H. HYD~N, J. Neurochem. 25, 399 (1975). 
D. S. HOWELL, J. C. PITA and J. F. MARQIJEZ, Analyt. Chem. 38, 
434 (1966). 
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Directional Non-Uni formity  of Pulsatile Intramyocardial  Pressure 
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Summary. A m e t h o d  using piezoelectr ic ceramics  was newly  devised which p e r m i t t e d  measu remen t s  of in t ramyocard ia l  
pressure.  In  open-ches t  dogs, a direct ional  non-un i fo rmi ty  of the  in t r amyocard ia l  pressure  was observed,  which m a y  
be a t t r i bu t ab le  to tile va r ia t ion  in the  myocard ia l  fibre or ienta t ion.  

The muscula ture  of the  left  ventr ic le  consists  of muscle 
layers gradual ly  al ter  the i r  o r ien ta t ion  f rom the  epicardial  
surface to  tile subendocard ium.  Myocardial  f ibres of each 
subsect ional  layer  run  in a specified direction.  Therefore,  
the  regional  pulsat i le  in t r amyocard ia l  pressure  (IMP) 
caused by  fibre con t rac t ion  m a y  have  di f ferent  force 

vectors  according to  the  d e p t h  f rom the  vent r icu lar  sur- 
face. To u n d e r s t a n d  the  physiological  significance of such 
a non-un i form s t ruc tu re  of the  left ven t r icu la r  myocar-  
dium, a small  sensor was cons t ruc ted ,  which  pe rmi t t ed  the  
m e a s u r e m e n t  of local pulsat i le  in t r amyocard ia l  pressure  
act ing in a specified direct ion;  it  was used to  measure  
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anisotropic  in t r amyocard ia l  pressure in the  middle  and 
deep por t ions  of the  dog 's  left ven t r icu la r  wall. 

A th in  rec tangular  bar  (2.0 • 1.0 • 0.4 m m  in length,  
w id th  and thickness ,  respectively) of piezoelectr ic ce ram-  
ics, hav ing  an electr ical ly conduc t ive  coat ing  on the  up- 
per  and  lower surfaces as electrodes for signal sampling,  
was a t t a ched  to a th in  flexible po lyv iny l  tube  and coated 
wi th  resin for electrical  insulat ion.  This  pressure  sensor 
yielded a posi t ive  signal in response to  a stress act ing 
parallel  to  the  direct ion of poling, which  is referred to as 

A 

3-ax~s 

P 

Fig. 1. Geometric relation between pressure, Pz and Pe, and direction 
of poling (denoted by IP, i.e. the 3-axis). A) in a position where P1 
acts in a direction of the 3-axis of the ceramic bar. B) after rotation 
of the ceramic bar by 90 degrees, where P, acts in the direction of 
the 1-axis. Striated surfaces indicate the electrical conductive coating, 
which act as electrodes for signal sampling. 

the  3-axis to  according convent iona l  technological  no ta t ion  
(the pressure  vol tage  o u t p u t  coefficient  for th is  direction,  
gas = 38.1 • 10 -a V - m/N).  The lateral  surfaces of th is  
sensor, which  were no rma l  to the  3-axis (i.e. the  1 axis), 
y ie lded a nega t ive  coefficient  (ga~ = --15.1 •  -a 
V .  m/N).  W h e n  the  3- and 1-axis pressure,  P~ and P~, 
ac ted  s imul taneous ly  on the  sensor,  as schemat ica l ly  il- 
lus t ra ted  in Figure  1A, the  o u t p u t  signal became a sum-  
ma t ion  of the  posi t ive  and  nega t ive  signals. The vol tage 
ampl i tude  (V~) of the  complex  o u t p u t  signal is given by  
the  following equa t ion ;  

V~ = (&a " P~ q- gaz " P~) " d (1), 

where  d is t he  th ickness  of the  sensor. W h e n  the  sensor 
is ro t a t ed  by  90 degrees,  P~ and  Pe act  on the  sensor in 
the  di rect ion of the  1- and  3-axis, respec t ive ly  (Figure 1 B). 
Then the  vol tage  ampl i tude  V,  is given by  the  following 
equat ion  ; 

Vz (gas " Pz + ga~ " P~) " d (2). 
W h e n  V~ and  V~ are measured,  P1 and  P~ can  be Obtained 
by  solving s imul taneous ly  equa t ions  (1) and  (2). In  the  
vent r icu la r  myoca rd ium of a bea t ing  hear t ,  the  pressure 
will act  in var ious  direct ions s imul taneously .  The complex 
pressure can be a rb i t ra r i ly  divided into 3 componen t s  of 
longitudinal ,  c i rcumferent ia l  and  radial  directions.  (The 
radial  c o m p o n e n t  could no t  be de tec ted  by  the  p resen t  
pressure sensor.) If  one c o m p o n e n t  acts  in the  direct ion 
of the  3-axis, the  o ther  acts  in the  1-axis and vice versa. 
In  such a s i tuat ion,  the  p resen t  pressure sensor will act  
as a kind of conven ien t  rec tangula r  different ia l  pressure 
detector .  

In  the  exper iments  using anes the t ized  dogs, the 3-axis 
of the  sensor was a l te rna te ly  pos i t ioned approx ime te ly  
parallel  and  near ly  perpendicular  to  the  base-apex line 
of the  ventr ic le  as indica ted  by  the  arrows in the  schemat ic  
i l lustrat ion of the  hear t ,  so as to receive longi tudinal  and 
c i rcumferent ia l  IMP's .  The o u t p u t  signals obta ined in 
these posi t ions were denoted  as VII and V •  respectively.  
Such a posi t ioning was tes ted  at  d i f ferent  dep ths  of in- 
sert ion of the  sensor. The cent re  of t he  sensi t ive surface 
of the  sensor was located 8 m m  (suffixed deep} or 4 m m  
(suffixed middle) from the  epicardial  surface. Thus, the  
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Fig. 2. An exainple of an actual 
recording of output signals from 
the pressure sensor at 4 place- 
meuts in the myocardimn. The 
curves from top to bottom re- 
present ECG, abdominal aortic 
pressure and output signal (V's). 
The dotted line in the schemahc 
illustration of the heart indicates 
the base-apex line. The broken 
and straight arrows show direc- 
tional positions of the 3-axis of the 
pressure sensor. 
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signals  used for I M P  ca lcu la t ions  were o b t a i n e d  f rom 4 
p l a c e m e n t s  of t he  sens i t ive  surface in each  serial  measure -  
men t .  

A set  of ser ial  recordings  o b t a i n e d  b y  a sensor  p laced  
in the  m y o c a r d i u m  is shown  in F igure  2. E a c h  o u t p u t  
s ignal  shows a d i f fe rent  a m p l i t u d e  and  cha rac te r i s t i c  
c o n t o u r  specific for t h e  pos i t ion  of t he  sensor.  The  VII 
deep increases  sha rp ly  to po in t  A for a b o u t  0.08 sec 
( i sovolumetr ic  systole  phase)  pr ior  to t he  rise of t he  
aor t ic  curve.  T h e n  t he  i n c r e m e n t  c lear ly  slows down a n d  
comes  to  a t e r m i n a t i o n  a t  E, a po in t  w h i c h  coincides 
w i t h  t h e  end  of systole  on  t he  aor t ic  curve  ( this  pe r iod  
cor responds  to e jec t ion  phase) .  I n  t he  record ing  of VII 
middle ,  t h e  in i t ia l  r ise to  A is small ,  while  t he  slow rise 
t h e r e a f t e r  is st i l l  clear. V_I_ midd le  shows a la rger  deflec- 
t ion  t h a n  VII midd le  and  i ts  conf igura t ion  consis ts  of a 
s h a r p  rise, fol lowed b y  a v e r y  slow rise w h i c h  a l m o s t  
fo rms  a p l a t eau  d u r i n g  t he  e jec t ion  phase.  V L deep shows 

Pulsatile deflections of output signal (V's) and calculated longitu- 
dinal and circumferential intramyocardiai pressure (IMP's) in the 
middle and deep portions of the left ventricular myocardium 

Volts nnn Hg p~ 

Mean SD Mean SD 

Vl[dee p 0.237 0.029 IMPl[dee p 121.0 16.6 
VHmiddle 0.069 0.018 IMPllmiddle 72.6 ]0.2 <0.01 
V• -0.083 0.031 IMP• 6.4 2.3 %0.01 
Vzmiddle 0.137 0.024 IMP• 97.8 13.9 : ;0.05 

a nega t i ve  def lec t ion  in clear c o n t r a s t  to  t he  curves  ob- 
t a i n e d  a t  t he  o the r  3 p l a c e m e n t s ;  s l igh t ly  p r io r  to  t he  
aor t ic  rise, t he  cu rve  begins  to  fall  downwards .  I M P ' s  
were ca lcu la ted  as P l  and  P~ of e q u a t i o n s  (1) and  (2) 
us ing  t he  peak  a m p l i t u d e  of V's .  Since t he  I M P ' s  calcu- 
l a ted  b y  t he  equa t i ons  r ep resen ted  pressure  ac t ing  in a 
d i rec t ion  para l le l  or pe rpend icu l a r  to  t he  base -apex  line, 
these  I M P ' s  were also suff ixed byll or _1_. The  peak  am-  
p l i tudes  of V 's  and  ca lcu la ted  IMP'S are s u m m a r i z e d  in 
the  Table .  IMPII deep, i.e. l ong i t ud ina l  I M P  in t he  deep 
por t ion ,  was  s l igh t ly  smal ler  t h a n  t he  systol ic  aor t ic  
pressure  and  largely  exceeded I M P  l_ deep, t h e  c i rcum- 
fe ren t ia l  I M P  in t he  deep por t ion .  The  I M P  J_ middle  was 
larger  t h a n  IMPII midd le  b u t  d id  no t  a t t a i n  IMPll deep. 
Af te r  measu remen t s ,  t he  ven t r i c l e  was  isola ted and  boiled 
in a s a t u r a t e d  sa l t  so lu t ion  c o n t a i n i n g  a smal l  a m o u n t  of 
d e t e r g e n t  for 2 h. The  m y o c a r i d a l  f ibre  of t he  vent r ic les  
could t h e n  easi ly be  sk inned  off, p e r m i t t i n g  a s imple  
inspec t ion  of i ts  d i rect ion.  The  f ibre  o r i e n t a t i o n  was 
c i r cumferen t i a l  in t he  midd le  po r t i on  and  a l m o s t  paral le l  
to  t he  base -apex  l ine in t he  deep por t ion .  These  observa-  
t ions  ind ica t ed  t h a t  the  d i rec t iona l  n o n - u n i f o r m i t y  of 
I M P  m a y  h a v e  been  due to  t he  v a r i a t i o n  in m y o c a r d i a l  
o r ien ta t ion .  These  resul t s  seem to  coincide q u a l i t a t i v e l y  
w i t h  the  resul t s  o b t a i n e d  us ing  a s t r a in  gauge arch,  
where  d i f fe rent  con t rac t i l e  forces were also observed  a t  
d i f fe rent  pos i t ions  1, 2. The  ven t r i c l e  is n o t  a s imple  th ick -  
wal led  ellipsoid, b u t  has  a f ine s t r u c t u r e  cons is t ing  of 
con t rac t i l e  f ibres a n d  dense ly  d i s t r i b u t e d  vascu la r  ne t -  
work.  Such  a s t r u c t u r e  m a y  produce  t h e  cond i t ions  
where  the  s u m m a t i o n  of t he  con t rac t i l e  forces becomes  a 
vec to ra l  I lV[P. 

Mean and SD of 7 serial measurements. Abdominal aortic blood 
pressure was 130/100 mm Hg on the average. ~Student's t-test, 
indicating the statistical difference of values as compared to IMPI]- 
deep. 

1 E. H. SONNENBLICK and E. S. KIRK, Cardiology 56, 302 (1971/72). 
N. W. Rome and W. H. NEWmAn, J. appl. Physiol. 36, 20 (1974). 

A Heated Stage  and T i s sue  Culture Chamber  for E lec t rophys io logy  
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Summary. A simple,  inexpens ive  h e a t i n g  c i rcui t  is descr ibed  for  use w i t h  a w a r m e d  microscope stage,  smal l  t i s sue  b a t h ,  
and  h e a t e d  t issue cu l tu re  chamber .  A m a j o r  cons ide ra t ion  in t h e  design of t he  a p p a r a t u s  is a c o m p a t i b i l i t y  w i t h  electro-  
physio logica l  s tudies .  Thus,  p rope r  sh ie ld ing  and  low profi le  for microe lec t rode  pos i t ion ing  are fea tured .  

This  p a p e r  descr ibes  a h e a t i n g  s y s t e m  wh ich  is su i t ab le  
for use in e lec t rophysio logica l  s tudies  of a v i a n  and  m a m -  
m a l i a n  t i ssues  in  vi t ro .  A w a r m e d  microscope s tage w i t h  
t issue b a t h  a n d  a w a r m e d  t i ssue  cu l tu re  c h a m b e r  are pre-  
sented .  I n  each  device,  con t inuous ,  con t ro l ab le  h e a t  is 
p rov ided  to a v ibra t ion- f ree ,  per fusab le  chamber .  The re  
is a d e q u a t e  access to  t he  t issue for microelect rodes ,  a n d  
w h e n  grounded ,  t h e  a l u m i n i u m  w a r m i n g  po r t i ons  of each  
device  ac t  as an  effect ive F a r a d a y  shield to  t he  p r epa ra -  
t ion,  r educ ing  t he  necess i ty  for a sepa ra te  cage. 

Heating circuit. The  des ign of t he  h e a t i n g  s y s t e m  is 
s imple  (Figure 1). A f eedback  cont ro l led  ope r a t i ona l  
ampl i f ie r  a n d  power  t r a n s i s t o r  fo rm t he  basis  of t he  pro-  
p o r t i o n a l  hea t ing ,  t e m p e r a t u r e  con t ro l  sys tem.  The r -  
mis to r s  in a b r idge  conf igura t ion  p rov ide  t h e  necessa ry  
i n p u t  i n f o r m a t i o n  to  t he  ope ra t i ona l  ampli f ier .  One the r -  
mi s to r  serves  as an  a m b i e n t  t e m p e r a t u r e  sensor  (AIR) to 

d e t e c t  and  c rea te  c o m p e n s a t i o n  for h e a t  d i s s i p a t i o n  
changes  t h a t  r e su l t  f rom v a r i a t i o n s  in room t e m p e r a t u r e .  
The  second t h e r m i s t o r  (BATH)  is encapsu l a t ed  w i t h i n  
t he  a l u m i n i u m  of t he  w a r m  s tage  or cu l tu re  c h a m b e r  nea r  
t he  h e a t i n g  e l e m e n t  and  m o n i t o r s  c h a m b e r  t e m p e r a t u r e .  

W h e n  t he  device  is cold, t he  h i g h  res i s tance  of t h e  
B A T H  t h e r m i s t o r  will u n b a l a n c e  t he  br idge  to  increase  
t he  p o t e n t i a l  d i f ference across t he  i n p u t s  of t he  opera t io -  
na l  amplif ier .  The  t r a n s i s t o r  (NPN 2N3055) cont ro l s  t h e  
power  in t he  h e a t i n g  circuit .  A n  increased  vo l t age  appl ied  
to t he  base  will increase  t he  c u r r e n t  suppl ied  to  t he  hea t -  
ing e lement .  As t h e  device warms ,  t he  res i s tance  of t he  
B A T H  t h e r m i s t o r  will  decrease,  lower ing  t he  p o t e n t i a l  
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