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are d r iven  in to  t he  skul l  vau l t .  A t  t he  cen t re  of t he  p la t e  
ros t r a l ly  t he re  are  3 holes. The  mid l ine  hole  serves as a 
l a n d m a r k .  The  o t h e r  holes, whose  cent res  are 3 m m  apar t ,  
are t h e  c a n n u l a t i o n  holes. 

The  t o p  p l a t e  is t he  same  size as t he  h e a d  p la t e  on to  
wh ich  i t  can  be  screwed a t  t he  mid l ine  caudal ly .  The  t op  
p la t e  has  two  wings  to p r o t e c t  t he  c a n n u l a  a s sembly  
wh ich  cons is t s  of a c a n n u l a  guide t u b e  (22 S W G  sta inless  
s teel  t u b i n g  15 m m  long) m o u n t e d  in a t h r e a d e d  steel  
col lar  w h i c h  screws in to  one of two holes wh ich  co r respond  
to  t he  c a n n u l a t i o n  holes of t he  head  plate .  The  c a n n u l a  
i tself  is 28 m m  long and  m a d e  of 24 S W G  sta in less  steel  
h y p o d e r m i c  tub ing .  I t  has  a n  a d j u s t a b l e  col lar  so t h a t  i t s  
d e p t h  of p ro j ec t ion  can  be  regu la ted .  

Fixation o/ the head plate. New Zea land  wh i t e  r a b b i t s  
h a v e  been  used. The  a n i m a l  is a n a e s t h e t i s e d  a n d  2 ml  
1% l ignocaine  so lu t ion  in j ec t ed  s.c. in  t he  mid l ine  ha l f  
way  b e t w e e n  t h e  eyes a n d  t he  ears. A saggi ta l  incis ion 
a b o u t  5 cm long is m a d e  d o w n  to  t he  bone  of t he  skull.  
The  p e r i o s t e u m  is s t r i pped  b a c k  l a te ra l ly  to  expose  t h e  
skul l  vau l t .  Us ing  t he  su tu re  l a n d m a r k s  shown  in F igure  
1 c t he  h e a d  p la t e  is loca ted  w i t h  t he  two  access a n d  t he  
guide holes  s t r a d d l i n g  t he  b regma .  The  p la t e  is t h e n  f ixed 
in pos i t i on  us ing  a su i t ab le  dri l l  a n d  t he  4 screws. The  
skull  u n d e r  t he  c a n n u l a t i o n  holes is also dr i l led  t h r o u g h .  
The  p l a t e  si ts  f l a t  on  t he  skul l  v a u l t  due  to  i t s  saddle  shape.  
I n  v e r y  large an ima l s  i t  m a y  be  necessa ry  to file t he  n u c h a l  
c res t  s o m e w h a t  to  sea t  t he  p la te .  T he  skin  is now sewn 
up  b e h i n d  a n d  ill f ron t  of t h e  p la t e  a n d  t h e  surp lus  skin  is 
generous ly  excised. I t  is n o t  necessa ry  to  cover  t he  deficit .  
The  a n i m a l  is lef t  for 5 days  before  in jec t ions  are made.  

Intracerebroventricular injection. Afte r  r epe r fo ra t i ng  
t he  a p p r o p r i a t e  access hole t he  t op  p la t e  is screwed on to  
t he  h e a d  p la te .  W h e n  a n  in j ec t ion  is to  be  m a d e  t he  
c a n n u l a  is a t t a c h e d  to  a micro l i t re  syr inge us ing  p o l y t h e n e  
t u b i n g  and  f lushed  w i t h  t he  so lu t ion  to be  in jec ted .  The  
c a n n u l a  is t h e n  inse r t ed  d o w n  t he  c a n n u l a  guide t u b e  
in to  t h e  vent r ic le .  This  i n se r t ion  is m a d e  w i t h o u t  a n y  
sign of d is t ress  to  t he  an imal .  The  usual  in j ec t ion  v o l u m e  
is 100 ~1. 

The  ven t r i c l e  is loca ted  a t  B a - 9  m m  (MONI~IER a n d  
GANGLOFF'S 4 coordinates) .  T h u s  t he  c a n n u l a  a n d  c a n n u l a  
guide t u b e  m u s t  be  a d j u s t e d  so t h a t  t he  c a n n u l a  will  
p ro j ec t  12 m m  below the  lower  edge of t he  t o p  pla te .  These  
re la t ive  pos i t ions  are s h o w n  in F igure  1 g. 

Results. The  device  ha s  been  used r o u t i n e l y  for 3 years  
a n d  on r epea t ed  occasions  d issec t ion  has  conf i rmed  t h a t  
t he  ven t r i c l e  has  been  a c c u r a t e l y  in jec ted .  F igure  2 shows 
a n  X r a y  p h o t o g r a p h  of a r a b b i t  a f t e r  100 ~I of r ad ioopa-  
que  dye (Myodil,  Glaxo) ha s  been  in j ec t ed  in to  t he  ven-  
t r ic le  us ing  th i s  me thod .  Ca rd iovascu la r  5 a n d  t e m p e r a t u r e  
r egu la t ion  6 e x p e r i m e n t s  h a v e  been  carr ied  ou t  w i t h  the  
device  a n d  i t  has  been  found  s imple  a n d  r o b u s t  in  use. 

The  s y s t e m  has  severa l  a d v a n t a g e s  c o m p a r e d  w i t h  
i m p l a n t i n g  a c a n n u l a  d i r ec t ly  in to  t he  ventr ic le .  Since 
t he  b r a i n  is u n t o u c h e d  before  and  b e t w e e n  in jec t ions  t he  
in fec t ion  r a t e  is low. U n l i k e  p e r m a n e n t  c a n n u l a e  t he  
p r e s e n t  device  has  no  dead  space. F ina l ly ,  whereas  can-  
nu l ae  f ixed to  t h e  skul l  w i t h  d e n t a l  c e m e n t  can  of ten  
on ly  be  used once, t he  p r e sen t  device  can  be recovered  
a n d  reused  indef in i te ly ,  

Zusammen[assung. Die K o n s t r u k t i o n  u n d  der  G e b r a u c h  
e iner  V o r r i c h t u n g  zur  I n j e k t i o n  yon  S u b s t a n z e n  in  den  
la te ra len ,  ce rebra len  Ven t r i ke l  yon  w a c h e n  K a n i n c h e n  
wird  beschr ieben .  
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Simple Apparatus for Perfusion Fixation for Electron Microscopy 

A c c u r a c y  of u l t r a s t r u c t u r a l  s t u d y  of ceils and  t issues  
depends  la rgely  u p o n  f ixa t ion ,  and,  since t he  s t a r t  of 
e lec t ron  mic roscopy  in biological  s tudies ,  n u m b e r s  of 
f ixa t ion  t e c h n i q u e s  h a v e  been  developed.  However ,  i t  is 
genera l ly  agreed  t h a t  per fus ion  f ixa t ion  is t he  m e t h o d  
of choice for a m a j o r i t y  of t i ssues  1-3. 

Pe r fus ion  f ixa t ion  m a y  be  done  b y  a n y  one of d i f fe ren t  
me thods ,  b u t  for  t he  p a s t  few years  t h i s  l a b o r a t o r y  ha s  
been  us ing  a n  inexpens ive ,  s imp ly  cons t r uc t ed  pe r fus ion  
s y s t e m  t h a t  is be l ieved  to  offer severa l  advan tages .  Most  
o f ten  we h a v e  used  i t  for r a t s  of va r ious  age groups,  
i m m a t u r e  a n d  m a t u r e ,  b u t  i t  serves  equa l ly  well  for new- 
b o r n  swine, y o u n g  dogs, rab i t s ,  mice, a n d  Chinese 
hams te r s .  

W e  h a v e  deve loped  2 fo rms  of t he  sys tem,  t he  f i rs t  a n d  
s imple r  for  morpho log ica l  s tudies ,  t he  second a n d  more  
complex  for h i s t ochemica l  s tudies .  B o t h  forms cons is t  of 
pressur ized  vessels for  t he  solut ions ,  devices  for pressur iza-  
t ion  a n d  for m e a s u r i n g  pressure ,  a n d  v i n y l  tub ing ,  needles  
or, c a t h e t e r s  to  de l iver  so lu t ions  in to  t h e  vascu la r  bed.  

The  s imple r  s y s t e m  (F igures  1 a n d  2) consis ts  of 2 glass 
con ta ine r s  (coffee jars),  a b o u t  1 1 capac i ty ,  w i t h  screw-on 
l ids m a d e  a i r t i g h t  b y  s u i t a b l e  O-rings.  Lids  are  p ie rced  
b y  two 3-4  m m  holes, t h r o u g h  w h i c h  l eng ths  of PVC-  

t u b i n g  are inse r t ed  and  c e m e n t e d  in to  place w i t h  ara ld i te .  
One t u b e  (Figure 1) p rov ides  connec t ion  be tween  t h e  a i r  
spaces  in  t he  2 ja r s  t h r o u g h  v iny l  t u b i n g  in which  is in-  
se r ted  a 4 -way  j o i n t  for  c o n n e c t i o n  w i t h  a m a n o m e t e r  
(Figure  1, b) a n d  w i t h  a r u b b e r - b u l b  syr inge  (Figure 1, a), 
f i t t ed  w i t h  a 1-way va lve  for  pressur iza t ion .  The  second 
P V C - t u b e  t h r o u g h  each  j a r  l id connec t s  l eng ths  of v iny l  
t u b i n g  t h a t  e x t e n d  to  t he  b o t t o m s  of t he  ja r s  w i t h  l eng ths  
of th i s  t u b i n g  (about  150 cm) jo ined  a t  t h e i r  ou t e r  ends  
b y  a 3-way p las t i c  va lve  (Figure  1,c). The  t h i r d  a r m  of 
his  va lve  carr ies  t he  need le  or c a t h e t e r  for en t e r i ng  
a b d o m i n a l  aor ta .  
J I n  us ing  th i s  sys tem,  one j a r  is filled w i t h  Ringer ,  t he  

second w i t h  t he  f ixat ive ,  e.g. g l u t a r a l d e h y d e  so lu t ion  1. 
L ids  are screwed on t igh t ly ,  t he  s y s t e m  pressurized,  a n d  
freed of a i r  bubb l e s  b y  m a n i p u l a t i n g  t he  3-way va lve .  
T h e n  t he  va lve  is t u r n e d  to  a n  i n t e r m e d i a t e  pos i t ion  to  
p r e v e n t  f u r t h e r  loss of so lu t ions  a n d  pressure  ra i sed  to  

1 W. FORSSMANN, G. SIEGRIST, L. ORCI, L. GIRARDIER, e .  PICTET 
and C. ROUILLER, J. Microsc. 6, 279 (1967). 

2 G. C. NOUET and M. KUJAS, Z. Zellforsch. 143, 535 (1973). 
3 j .  A. G. RHODI~, Microvasc. Res. 5, 285 (1973). 
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physio logica l  levels for t he  a n i m a l  (rats,  120-130 m m  Hg). 
I f  cold per fus ion  is desired,  j a r s  shou ld  be  i m m e r s e d  in a n  
ice-water  b a t h .  

U n d e r  i.p. N e m b u t a l  anes thes ia ,  t he  a b d o m e n  is opened,  
v iscera  d isplaced un t i l  a o r t a  and  v e n a  c a v a  are vis ible  
f rom rena l  a r te r ies  dis ta l ly .  T h e n  t he  aor t i c  b i fu rca t i on  
is f reed w i t h  r o u n d e d  t i pped  forceps, t he  a o r t a  c l amped  
w i t h  r o u n d e d  edged surgical  forceps j u s t  d i s ta l  to  t h e  
rena l  ar ter ies ,  t he  a o r t a  opened  w i t h  fine scissors a t  t h e  
b i f u r c a t i o n  a n d  en t e red  w i t h  a c a t h e t e r  or  needle  to  t h e  
level of t he  surgical  c l amp  wh ich  is r e m o v e d  a f t e r  c a t h e t e r  
or needle  ha s  been  locked in place w i t h  a g rooved  c lamp 
(Figure 4, a and  b). T h e n  R inge r  is a d m i t t e d  in to  t he  ao r t a  

C 

V e  na  

b 

Fig. 1. Diagram of the simpler perfusion system with 2 bottles. 
a) rubber-ball syringe; b) manometer; e) 3-way valve. 

Fig. 2. Photograph of the perfusion system diagrammed in Figure 1. 

t h r o u g h  t h e  3-way va lve  a t  a '~pressure s l ight ly  a b o v e  
physio logica l  level  to  ensure  flow aga ins t  aor t i c  pressure .  
I m m e d i a t e l y  w i t h  t h e  s t a r t  of t h e  R inge r ' s  flow, t h e  v e n a  
c a v a  is cu t  a n d  w i t h i n  a b o u t  2 mil l  Mood h a s  been  r e m o v e d  
b y  R inge r  a n d  t h e  va lve  t u r n e d  to  a d m i t  g l u t a r a l d e h y d e  
solut ion,  wh ich  gives a d e q u a t e  f ixa t ion  w i t h i n  10-15 min.  
Pressure  w i t h i n  t h e  s y s t e m  is m a i n t a i n e d  un t i l  f ixa t ion  
ends. Thus  all organs ,  excep t  lungs  a n d  those  cauda l  to  
t h e  c a t h e t e r  or needle,  are perfused.  

The  more  complex  s y s t e m  (Figure 3) differs f rom t h e  
f i rs t  in 2 f ea tu res :  1. a t h i r d  j a r  c o n n e c t i n g  to t h e  o the r s  
in t h e  s y s t e m  a n d  2. a t h i r d  3-way va lve  for a t t a c h i n g  a 
syr inge  (Figure 3, d) for a b lood  sample  or for i n j ec t ing  
solut ions,  e.g. h o r s e r a d i s h - p e r o x y d a s e  for vascu la r  pe rme-  
ab i l i ty  s tud ies  4 before  f i xa t ion  begins.  As before,  t h e  
sys t em is p ressur ized  (Figure  3, a) w i t h  a r u b b e r - b a l l  
syringe,  wh ich  connec t s  to  a m a n o m e t e r  (Figure 3, b) a n d  
to  t h e  jars,  t h e  va scu l a r  s y s t e m  r insed  w i t h  R inge r  t h r o u g h  
a 3-way va lve  (Figure 3, c 2) followed b y  per fus ion  f ixa t ion  
for t h e  desi red i n t e r v a l  (e.g. 5 min)  t h e n  b y  a d e q u a t e l y  
pos i t ion ing  va lves  C 1 a n d  C 2 washed  b y  buf fe r  solut ion.  
A t  th i s  p o i n t  p a r t i a l l y  f ixed t i ssue  m a y  be  r e m o v e d  for 
c ryos t a t e  sect ioning.  

4 I. HI3TTNER, M. BOUTET and R. H. MORE, Lab. Invest. 28, 678 
{1973). 
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Fig. 3. Diagram of the more complicated perfusion system, a) rubber- 
ball syringe; b) manometer; c) 1,2,3 3-way valves; d) syringe. 
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Fig. 4. Clamp with groove for securing the needle or catheter in 
position in the aorta, a) lateral view; b) frontal view, and needles or 
catheters for the perfusion of Chinese hamsters (c), mice (d), and rats 
(e). 

5 M. BORGERS, I. SCHAPER and W. SCHAPER, J. Histochem. Cyto- 
chem. 19, 526 (1971). 
Thanks are due to Dr. J. ~V. BUCHANAN, University of Pennsyl- 
vania, for advice during the development of the system. 

This more complex  sys tem provides  accura te ly  controlled 
f ixat ion where this  is required for h is tochemical  reactions, 
e.g. Ilucleoside phosphorylase  de te rmina t ions  in endo- 
the l ium and fibroblasts  5. The short  f ixat ion period does 
no t  drast ical ly  inhibi t  enzymat ic  ac t iv i ty  and permi ts  
cryos ta te  sectioning wi thou t  ar tefacts  which could impair  
subsequent  e lectron microscopic s tudy  of the  tissue. 

Catheters  or needles used f o r  enter ing the  abdominal  
aor ta  differ in outside d iameters  depending on the size 
of the  animal.  For  larger animals,  such as adul t  rats, a 
short  l ength  of polye thylene  ar ter ia l  ca the te r  m a y  be 
moun ted  on a cut  hypodermic  needle (Figure 4, e). W i t h  
smaller  animals,  Chinese hamsters  for example,  a hypo-  
dermic needle  (Figure 4, c) ou ter  d iamete r  0.3 mm,  wi th  
t ip  shor tened and slanted to 45 ~ in which case the  aor ta  
can be entered  di rec t ly  wi thou t  need for clamp. A grooved 
c lamp to hold catheters  or  needles in aor tas  is shown in 
la tera l  (Figure 4, a) and f ronta l  views (Figure 4, b). 

These systems avoid  the  use of peris tal t ic  pumps  or of 
g rav i ty  to ensure perfusion. Pressures provided by  peristal-  
t ic  p u m p s  are no t  easily reproducible,  and the  pumps  
costly. Pressure by  gravi ty ,  for example  for rats  wi th  
hyper tens ion  of 250 m m  Hg  or higher  would be difficult  to 
achieve in the  l abora to ry  6. 

Summary. Control  on dura t ion  of appl icat ion and 
pressure of f ixa t ive  is achieved wi th  an appara tus  of 
s imple construct ion.  This  allows opt imal  f ixat ion of 
l abora to ry  animals  for morphologica l  and cytochemical  
studies. 

G. L. Ross I  

Institute [or Animal  Pathology, University o/Bern,  
L~inggasstrasse 122, CH-3012 Bern (Switzerland), 
17 February 1975. 

C O N G R E S S U S  

Canada 

International S y m p o s i u m  on F h m m a b i l i t y  and 
Fire Retardants 

in Toronto, 6-7 May  1976 

Papers  should deal  wi th  f l ammabi l i ty  and fire re tar-  
dancy  of polyurethanes ,  plastics, text i les  and fabrics, 
paints  and coatings, tes t ing  procedures and market ing.  
Papers  are now being solici ted and t en t a t i ve  t i t les  should 
be sent by  October  15, 1975 to :  Vi jay  Mohan Bhatnagar ,  
Edi tor ,  Advances  ill Fi re  Retardands ,  209 Dover  Road,  
Cornwall,  Ontario,  Canada  K 6 J  1T7. 

Italy 
International Sympos ium on Thrombos i s  and 
Urokinase 

in Roma, 30 October-1 November 1975 

The Sympos ium is organized by  the  I s t i tu to  Superiore 
di Sanitk and the  chai rmen are:  Prof. Sol Sherry of 
Phi ladelphia ,  USA,  and Prof. R.  Pao le t t i  of Milano, 
I ta ly .  Main topics:  Phys iopa tho logy  of thrombosis.  
Chemical,  b iochemical  and pharmacologica l  aspects of 
urokinase. Effects  of urokinase on thrombosis .  Clinical 
appl icat ions  of urokinase. 

Regis t ra t ion  fee will be U S  Dollars 30.00. In format ion  
and regis t ra t ion  by  Prof. Rodolfo Paolet t i ,  Via  A. Del 
Sar to  21, 1-20129 Milano, I ta ly .  

i 
Corrigendum 

G. Tor to lani  and E. Ramagnol i :  Es t ima t ion  of Mole- 31, 389 (1975). The  explanat ion  of the  symbols  i~l the  
cular We igh t  of Acid Mucopolysaccharides  by  Thin-  capt ion  of Figure  3 should correc t ly  read as follows: 
Layer  Electrophoresis  on Sephadex-Celhlose ,  Exper ienf ia  O, CSC; �9 C S B ,  ~ ,  F B ;  @, C SA; ~9, 3GS; 6~, HP.  


