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vessels t h a t  can be d e m o n s t r a t e d  are 5 tzm in d iameter .  
At  p re sen t  the  e q u i p m e n t  is being developed for in vivo 

dynamic  recording of blood flow pa t t e rn s  t h rough  a 
var ie ty  of organs  such as bone,  kidney,  in tes t ine  and  skin. 
Previous ly  th is  t ype  of radiographic  s t u d y  has only  been 
possible w i th  high vol tage X - r a y  genera tors  and  fine 
grained pho tograph ic  emulsions16. The micro-focal  X - r a y  
uni t  allows fine s t ruc tu ra l  detai l  to be recorded on 

re la t ively  coarser  gra ined emulsions and has  the  addi-  
t ional  advan t age  t h a t  it  produces  less rad ia t ion  damage  
to the  tissues. 

16 S. BELLMAN, H. A. FRANK, P. B. LAMBERT, B. ODEN and J. A. 
WILLIAMS, in X-Ray Microscopy and X-Ray Microanalysis (Eds 
A. ENGSTROM, V. 1~. COSSLETT and H. PAr Elsevier, Amster- 
dam 1960). 
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Summary. A simple c u r e t  requir ing about  5 y.1 of sample  is described.  Such a cuve t  is easy to build and sui table for 
measu remen t s  in o rd ina ry  spec t ropho tomete r s .  The measu remen t s  compare  f avourab ly  in accuracy and reproducibi l i ty  
wi th  those  ob ta inab le  wi th  s t anda rd  macrocuvets .  

The rout ine  contro l  of the  qua l i ty  and  q u a n t i t y  of 
macromolecular  p repa ra t ions  f rom biological samples  
qui te  of ten  implies spec t ropho tome t r i ca l  de te rmina t ions .  

In  par t icular ,  this  applies to ribonucleic acid, phenol  
ex t r ac ted  f rom tissue or cul tured cells, which  rout ine ly  
is t es ted  for pu r i t y  b y  its UV-spec t rum.  F u r t h e r m o r e  the  
RNA,  if suff icient ly pure, is eva lua ted  quan t i t a t i ve ly  in 
t e rms  of its optical  dens i ty  uni ts  a t  260 nm.  In  those  
p repara t ions  where the  R N A  is fu r ther  processed,  e.g. 
f rac t iona ted  by  electrophoresis ,  these controls  are usual ly 

Accuracy of readings at 260 nm in the MT 2 and in the microeuvet 
on repeated fillings (12 times) of the same RNA solution as in Fig- 
ure 1, but diluted 1:1 

Cuvet Mean absorbance SD 

MT 2 0.530 0.0016 
Microcuvet 0.263 0.0026 

A 3 2 C 

l;ig. 1. Sectioned and exploded view of the cuvet and casing. A) 
Curet proper constituting a hollow conventiollal glass cylinder sealed 
at one end with a quartz glass [1]. External diameter 6.5 mm, internal 
diameter 1.0 ram, length 5.00 ram. B) Cuvet socket in brass with 
threading for knurled screw (C). External diameter 12 ram, internal 
diameter snnggly fitting the cuvet (A). Length 10 ram. The depth of 
the non-threaded part of the socket is smaller than the length of the 
curet proper so that the quartz glass of the knurled screw gets in 
touch with the euvet when joined. C) Hollow knurled screw (bore 
appr. 2 mm in diameter) with glued rubber packing ring [2] onto 
which a quartz glass [3] is fitted. 

pe r fo rmed  by  tak ing  an a l iquot  of the  final R N A  solution 
and reading it a f ter  appropr ia te  di lut ion in s t anda rd  
quar tz  cuve t  usual ly requir ing f rom 0.10 ml  of sample 
(e. g. Zeiss MT 2). 

In  some cases, and par t i cu la r ly  of ten  in neurochemis t ry ,  
one mus t  deal wi th  t issue samples  in the  mil l igram range 
resul t ing af ter  ex t rac t ion  in a few microl i ters  of RNA, 
at  a concen t ra t ion  sui table  for subsequen t  e lect rophoret ic  
analysis  2, a. I n  these  cases, even wi th  the  use of commer-  
cially available bu t  expensive  micro-cuvets  ranging  down 
to working  volumes of 20 ~zl (e.g. Zeiss MR 1 D), the  UV- 
de te rmina t ions  men t ioned  above are hard ly  possible to 
perform.  

In  th is  repor t  we describe how to build s imply  an in- 
expensive  c u r e t  sui table for U V - s p e c t r o p h o t o m e t r y  of 
samples  in the  range of 5 ~zl in the  ord inary  Zeiss PMQ II  
or PMQ 3 spec t rophotomete rs .  

The cuve t  sys tem consists of the  cuve t  p roper  and a 
brass casing, bo th  being easily p roduced  in t he  workshop  
of the  l abora to ry  (Figure 1). The c u r e t  p roper  is made  
f rom commercia l ly  available bored  glass tubings  (Chance 
Bro thers  L i d  Glassworks, B i rmingham,  England) ,  which 
are cut  a t  lengths  s l ight ly  above the  desired opt ical  pa th -  
length.  The cut  ends  are g round  and polished to exact  
d imensions  in a la the on which a gr inding disc is mo u n t ed  
to the  chuck *. A smal l  piece of qua r t z  glass (manual ly  
cut) is glued onto  one of the  pol ished ends (low viscosi ty  
cyanoacry la te  adhesive  IS  03 Lockt i te ,  Dublin,  Ireland}. 
The brass casing consists  of a socket  in which the  c u r e t  
proper  is placed and  a screw on which ano the r  small  
qua r t z  glass is f i t ted .  This qua r t z  glass forms the  o ther  
window of the  cuve t  when  socket  and  screw are joined. 
To compensa te  for possible errors in paral le l ism be tween  
the  f lat  end of the  screw and the  pol ished end of the  cuve t  
proper ,  a rubber  packing  ring is f i t t ed  be tween  the  screw 
and the  quar tz  glass. Tightness  of the  cuve t  is thus  
ensured.  

Fil l ing the  cuve t  is su i tably  made  wi th  the  c u r e t  in 
vert ical  posit ion,  e i ther  wi th in  or outs ide  the  socket,  by  

1 Acknowledgmeut. The authors are indebted to professor HOLGER 
HYD~N for support. 

2 A. CUPELLO and H. HYD~, Neurobiology 5, 129 (1975). 
3 A. CUPELLO and H. HYDs Brain Res., in press (1976). 

O. HALL~N and H. R6CKERT, Proc. 2nd Int. Syrup. X-ray microse. 
and X-ray mieroanalyt., Stockhohn (1960), p. 169. 
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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). 

7 W. C. SCHNEIDER, Meth. Enzymol. 3, 680 (1957). 
s K. BURTON, Meth. Enzymol. 12, 163 (1957). 
0 0 . H .  LOWRY, ~XT. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, 

J. biol. Chem. 193, 265 (1951). 
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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  


