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AN A P P A R A T U S  F O R  P E R F U S I N G  T H E  R A T  L I V E R  IN S I T U  
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An apparatus  for perfusing the r a t  l iver  in situ is descr ibed .  Its advantages  a re  s impl ic i ty  of 
construct ion,  the poss ibi l i ty  of ca r ry ing  out two perfus ions  s imul taneously ,  maintenance of pCO 2 
of the perfusion fluid without supplying CO2, a low level  of hemolys i s ,  and the possibi l i ty  of ap-  
plying m eas u red  doses  of n e c e s s a r y  subs tances  to the l iver  continuously. 
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The f i r s t  success fu l  types of appara tus  for perfusing the r a t  l iver  were  suggested in 1951 [2, 4]. 

Fu r the r  improvemen t s  [3, 5-8] brought no essen t i a l  s implif icat ion,  and indeed some of them [5-7] were 
actually more  complicated than the f i r s t  models .  

The wr i t e r  has designed and built a s implif ied appara tus  by means  of which two l ivers  can be p e r -  
fused s imul taneously  under absolutely identical conditions with separa te  fluids (of the same  or of d i f ferent  
types).  The scheme of one of the two para l l e l  sy s t ems  is shown in Fig.  1. It includes the following p r inc i -  
pal components .  

1. Pump.  A digital (peristal t ic)  pump (Per ipump,  MTK, type 5096; Hungary) was used. The perfusion 
fluid is propel led a f te r  consecut ive digital compres s ion  of a thick s i l i cone - rubbe r  tube, forcing the liquid 
to move in one direct ion.  P r e c i s e  se lect ion of the degree  of c o m p r e s s i o n  of the walls of the tube is  e s s e n -  
tial in o rde r  to reduce hemolys i s .  Two sepa ra t e  rows of digi ts ,  connected with a common mechanica l  
drive sys t em,  genera te  the pe r i s t a l t i c  waves .  The pump can thus c a r r y  out two para l le l  perfus ions  s imu l -  
taneously and v~ith identical throughput.  The throughput is control led au tomat ica l ly  by engaging the c o r r e s -  
ponding pinions.  By varying the throughput of the pump, pe r fus ionof the  l iver  can be ca r r i ed  out at a con- 
stant r a te :  0.8-1 ml  perfusion f luid/g l iver /min .  

The pump is the component  common to the two s y m m e t r i c a l  s y s t e m s .  

2. Oxygenator (Artif icial  Lungs). Saturation of venous blood leaving the infer ior  vena cava with oxy-  
gen takes place on the sur face  of the f i lm that it fo rms  while flowing over  the inner sur face  of a g lass  tube 
(diameter  20-25 mm) .  Moist oxygen is supplied continuously at the r a t e  of 0.3 l i t e r /min .  The r i s k  of a i r  
embo l i sm  [1] is prevented by p re l imina ry  t r ea tmen t  of the walls of the r e s e r v o i r  with foam s u p p r e s s o r  and 
collecting the blood f rom the bot tom of the r e s e r v o i r .  

3. T e m p e r a t u r e  Control System.  Water heated to 40~ by a the rmos ta t i ca l ly  controlled e lec t r i c  hea t -  
e r  is pumped through the s y s t e m  of h e a t e r - r e s e r v o i r - o x y g e n a t o r - h e a t  exchanger .  Wider glass  tubes 
with an inlet in the lower and outlet  in the upper pa r t  a re  connected to these components  of the appara tus  
(Fig. 1: 4, 6, 9). Water  c i rcu la tes  between these components  along rubbe r  hoses .  The t e m p e r a t u r e  of the 
perfusion fluid is kept constant  (37.5~ in all  the components  of the appara tus .  The t e m p e r a t u r e  is con- 
t rol led by an e lec t r i c  t h e r m o m e t e r ,  the sensi t ive  e lement  of which (Fig. 1: 10) is surrounded by the flowing 
perfus ion fluid. To prevent  loss  of heat  f rom the perfused l iver  to the surrounding t i ssues  the r a t  is fixed 
on a table consist ing of a hollow meta l  box filled with c i rcula t ing hot (45~ water .  The heating s y s t e m  of 
the table is s epa ra t e  f rom the heating s y s t e m  of the per fus ion  fluid, but it supplies both appa ra tuses .  In 
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Fig.  1. D i a g r a m  of appara tus  for  perfusing 
the r a t  l iver :  1) por ta l  vein; 2) bile duct; 3) 
infer ior  vena cava;  4 and 4a) oxygenator ;  5) 
oxygen humidif ier ;  6) s to rage  vesse l  with 
heat  exchanger ;  7) digital pump;  8) m i c r o -  
dose r ;  9) heat exchanger ;  10) e l e c t r o t h e r m o -  
m e t e r ;  11 and l l a )  points for  sampl ing p e r -  
fusion fluid. 

addition, to l imit  loss  of heat  f rom the l iver ,  the abdomen 
and ches t  of the r a t  a r e  covered by means  of a t r anspa ren t  
p las t ic  hood. 

4. Gas Humidif ier .  The oxygen pas ses  through a 
humidi f ier  containing 0.5-0.6~c NaCI solution. This concen-  
t ra t ion  was de te rmined  exper imen ta l ly  [7]. 

5. Microdoser .  The "appara tus  for regional  hepar in -  
ization and lymphography"  (manufactured by the Kiev Ex-  
pe r imenta l  Medical Equipment  Factory)  with two syr inges  
and control lable  r a t e  of output was used as the m i c r 0 d o s e r .  
The sy r inges  were  connected with the corresponding main  
supply lines by means  of polyethylene tubes (internal d ia-  
m e t e r  1.5 ram) and th r ee -way  tubes with cl ips .  By means 
of this ins t rument ,  the substance  can be injected continuously 
into the per fus ion  fluid at a measu red  r a t e .  The angle of 
the t h r ee -way  tube is so designed to ensure  comple te  mix-  
ing of the solut ions.  By changing the syr inges  ( f rom 1 to 20 
mi) and changing the ra te  of movement  of the plungers ,  the 
dilution of the injected subs tance  in the perfus ion fluid can 
be var ied between 1:2 and 1:400. This facil i ty,  coupled with 
a change in the concentra t ion of the solution, enables the 
natura l  gradual  inflow of the subs tances  through the por ta l  
vein to be reproduced.  

6. The Main Supply Lines of Per fus ion  Fluid and Sampling Points .  The appara tus  provides  for two 
independent l ines - a r t e r i a l  ( f rom the r e s e r v o i r  to the por ta l  vein, length 80 cm) and venous ( f rom the in- 
f e r io r  vena cava via the l iver  to the oxygenator ,  length 20 cm).  As the d i ag ram shows (Fig. 1 :11  and l l a ) ,  
t h r e e - w a y  tubes connected to the a r t e r i a l  and venous lines enable the per fus ion  fluid to be sampled i m -  
media te ly  before  and af ter  passage  through the l iver .  

If the technique has been p r o p e r l y  m a s t e r e d ,  connecting the appara tus  to the r a t  l iver  r equ i r e s  not 
more  than 3 min,  involving hypoxia for not m o r e  than 10-15 min ( l igatures a re  placed around the portal  
vein and in fe r io r  vena cava  before  the vesse l s  a re  carmulated). Polyethylene cannulas (external  d i ame te r  
2 mm) a re  connected with the main supply l ines .  

In the invest igat ion used, the perfusion fluid was blood diluted with R i n g e r - L o c k e  solution in the ra t io  
of 4:1 (hematocr i t  28-30~).  The inc rease  in hemolys i s  in the course  of perfusion was smal l ,  namely  0.5- 
0~ m g ~  per  hour (using 50 ml  per fus ion  fluid). 

In more  than 100 perfus ions  ca r r i ed  out with the aid of this appara tus  var ious indices of l iver  function 
of the r a t  were  de te rmined  (bile production,  pO2, oxygen demand of the l i ve r , l ac t a t e  : py ruva te  ra t io  in the 
outflowing perfus ion fluid, etc.) .  The s ta te  of the a c i d - b a s e  balance of the perfus ion fluid was a s se s sed  
f rom the pH and a lso  f rom the buffer base  shift ,  the s tandard b icarbona te ,  the no rma l  buffer  bases ,  and the 
pCO~ value. 

The r e su l t s  indicate that the proposed  appara tus  can mainta in  act ive l iver  function for over  4 h. 
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