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RI.:DGRAVE, P. A modified push-pull s.vstem for the localised per]ttsion of  brain tissue. PHARMAC. BIOCHEM. BI. HAV. 
6(4) 471-474 ,  1977. A method for monitoring the outflow of a push-pull perfusion system is presented. This 
modification possesses the tbllowing important advantages: (1) Inadvertent induction of expansion lesions is avoided, (2) 
How rates can be reduced from the usual 50-200  tal/min to 0.6-1.7 /~l/min without decreasing the probability of 
detecting occlusions, (31 Incidcnce of occlusions is reduced, (4) Up to 30 -40  perfusions can be performed at each of 
several siles in the brain of a single animal over a period of several months. The modified system has been used successfully 
to administer neumhumoral agents to the brain of rats and to determine the release of endogenous substances into the 
perfusate. 
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THE INITIAL concep t  of  the push-pul l  per fus ion  which  
was i n t r o d u c e d  by Fox and Hil ton [31 was later  adap ted  
for the per fus ion  of discrete  regions of  the brain by 
G a d d u m  [4 ] .  Theore t i ca l ly ,  the per fus ion  fluid is pushed  
t h rough  one cannu la  and is recovered by negative pressure 
applied to a second cannula .  This  is mos t  c o m m o n l y  
achieved [61 by c o n n e c t i n g  the cannulae ,  by means  of  
p o l y e t h y l e n e  tub ing ,  to two syringes m o u n t e d  in a recipro-  
cally ac t ing in fus ion-wi thdrawa l  pump .  The relative posi- 
t ions of  the  push-pul l  cannu lae  in brain tissue can be e i the r  
side-by-side as descr ibed by Delgado [2] or one inside the 
o ther ,  as in the original  concen t r i c  a r r angem en t  p roposed  
by G a d d u m  14].  Both  dcsigns permi t  a discrete  area of  
brain at the  tip of  the  push-pul l  cannu lae  to bc con t inu-  
ously b a t h e d  by thc per fus ion  fluid. This  t e chn ique  can be 
used in two ways. First ly,  to admin i s t e r  n e u r o h u m o r a l  or 
pharmacolog ica l  agents  d i rec t ly  to localised regions of  the 
brain,  and secondly ,  to d e t e r m i n e  the ongoing  release of  
e n d o g e n o u s  subs tances  in to  the perfusate .  

In pract ice ,  however ,  a small  po r t i on  of brain tissue is 
some t imes  sucked in to  the open  lumen of  the wi thdrawal  
or pul l -cannula  t he reby  e f fec t ing  a c o m p l e t e  or part ial  
b lockage of  the cannula  responsible  for  the removal  of  
perfusate  f rom the brain.  When all air is exc luded  from a 
closed push-pull  sys tem the first warn ing  of  a blockage is 
e i the r  the  appea rance  of  vacuum bubb le s  in the pull-l ine,  or 
the drawing of  air in to  the back of  the pull-syringe. The 
la t ter  can be e l imina ted  by app ly ing  a small  a m o u n t  of  
sil icone grease to thc p h m g e r  of  the pull-syringc. 

Init ial ly,  e x p e r i m e n t s  were pe r fo rmed  in o rder  to deter -  

mine the t ime t aken  for vacuum bubb les  to appea r  
fol lowing an art if icial  b lockage of  the pull-line in a closed 
push-pull  sys tem.  The blockage was ef fec ted  by c lamping  
the pull-line wi th  a pair of  forceps.  Table 1 presents  the 
mean  t imes t aken  to de tec t  the first signs of  such a 
b lockage u n d e r  cond i t i ons  of  varying perfus ion flow-rate.  
Also inc luded  in Table 1 arc thc mean  voh,  mes of fluid 
which  would be unavo idab ly  p u m p e d  in to  the brain by the 
push-syr inge dur ing  the t ime taken  to detec t  an o b s t r u c t i o n  
in the pull-line. 

The unrecovered  loss of  fluid in to  the brain tissue of a 
p repa ra t ion  fo l lowing a blockage of  the pul l -cannula  places 
serious cons t r a in t s  on the subsequen t  i n t e rp re t a t i on  of  
data,  a poin t  raised previously  by Chase and Kopin [ 1 I and 
by Izquicrdo  and l zqu ie rdo  [5] who ques t ion  the v a l u e o f  
results ob t a ined  f rom the  pcrfus ion of  t r aumat i zed  tissue. 

The concep tua l  advantages  and technica l  i n f o r m a t i o n  
conce rn ing  the push-pt,  ll perfus ion t e chn ique  have been 
descr ibcd [~'~l a l t hough  a m e t h o d  for p rcvent ing  the loss of 
relatively large quan t i t i e s  of  perfus ion fluid fol lowing a 
blockage of  the pul l -cannula  has not  been repor ted .  The 
purpose  of  the present  c o m m u n i c a t i o n  is. the re fore ,  to 
present  a s implc mod i f i ca t ion  which  provides  i n s t a n t a n e o u s  
indica t ion  of  occlus ions  occurr ing  in the pull-side of the 
push-pull  sys tem.  

The mater ia ls  and t echn iques  for cons t ruc t i ng  the 
push-pull  sys tem have been descr ibed in detail  by Myers 
[61. Briefly, the ou t e r  or  pul l -cannula  was fashioned f rom 
23-gauge stainless steel, th in-wal led tubing  while the inner  
or push-cannula  was cons t ruc t ed  from 29-gauge needle  
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T A B I , E  1 

TIME TAKEN FOR VACUUM BUBBLES TO APPEAR IN A CLOSED 
PULL-I.INE FOLI.OWING AN ARTIFICIAL BLOCKAGE AND THE 
VOLUME OF FLUID WHICH IS UNAVOIDABLY PUMPED INTO 

THE BRAIN DURING DETECTION TIME 

Mean amount of  fluid 
Perfusion Mean time taken to pumped into brain 

Flow Rate detect blockage in during detection 
(,ul/min) pull-line {min -+ SEI* time (p.1 _+ SE) 

7.9 3.43 _+ 0.42 27.1 _+ 3.3 
19.7 1.83 -,- 0.19 36.1 "- 3.8 
39.3 1.32 = 0.19 51.7 _+ 7.7 
79.0 0.80 +_ 0.04 63.2 +_ 2.8 

197.0 0.38 +_ 0.02 75.5 _+ 3.7 

*N = 5 observations at each flow rate. 

tubing. Both cannulae were connec ted ,  by nleans of  PE10 
po ly thy lene  tubing,  to I ml glass syringes moun t ed  in a 
reciprocally acting infus ion-wi thdrawal  pump.  Figure 1 
il lustrates the incorpora t ion  of  a 3-way tap (Hamihon  Valve 
86503)  and a calibrated mon i to r  tube (PE10) into a 
normally closed push-pull  system.  The 3-way tap permits  
the pull-syringe {which is equal in volume to the push- 
syringe) to pull fluid ei ther  f rom the aninlal or from the 
n loni tor  tube.  Under  nornlal  c i rcumstances ,  the total  
volume pushed through the sys tem is pulled from tile 
animal by set t ing the level o f  the fluid in the n loni tor - tube  
(ink nlarker) below the level of  the animal. In fact, it is this 
hydros ta t ic  pressure which creates the force required to 

PUSH-SYRINGE 

INFUSION- I 
! 

WITHDRAWAL I . ~  

! 

PULL-SYRINGE 

3-WAY 
TAP pI _ 

extract  perfusate  from the brain. Now if the pull-cannula 
becomes  blocked,  the pull-syringe is no longer able to pull 
from the animal; instead,  fluid i s in ln led ia te ly  pulled from 
the mon i to r  tube. When this occurs the cannula assenlbly 
must be removed from the animal,  and the malcrial causing 
the blockage cleared by flushing before the perfusion is 
cont inued .  

The advantages ,,)t this modif ica t ion  may be enumera ted  
as follows: 

1. Inadvertent  inducl ion  of  expansion lesions and 
exper imenta l  hydrocepha lus  is e l iminated.  Sect ions A and B 
in Fig. 2 were ob ta ined  from rats subiected to between one 
and five 15 rain perfusion a t t emp t s  with a closed push-pull 
system not possessing the presenl moni tor ing  facility. In 
contras t ,  Sect ions (' and I) were derived from rals who had 
received be tween 10 and 25 p u s h - p u l l p e r t u s i o n s o f 2 0  30 
nlin dura t ion spaced over a period of  several weeks: these 
perfusions  were subjected to tile present  moni tor ing  pro- 
cedures.  Clearly, the modif ied system enables the disrup- 
lion of  tissue in the brain Io be restr icted to the track along 
which the push-pull cannulae pass. 

2. The anlount  of fluid unrecovered l r on l  the animal 
following all occlusion of  the lmll-cannula can be quant i f ied  
by calibrating the moni tor - tube ,  (usually. in 0.5 ul divi- 
sionsL The unrecovered volume is indicated by the dilfer- 
ence be tween  tile original and the final heights <)I tile ink 
marker tol lowing an occlusion.  A fall cor responding  to 
0.5 1.0,,1 is considered sufficient grounds by the au thor  1c~ 
switch o f f  tile pump and de te rmine  lhe ]3alure ()1 the 
blockage. 

3. l 'he  di f ference in height betv, een the animal and the 
level of  fluid in the moni to r - tube  provides a 111easHle, (in 
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I'IG. I. Shows a sc]lematic representation of tile modified push-pull system. A three-way tap and a monit~r tube have been incorp(~raled 
into a normally closed push-pull system in t~rder to facilitate the discovery of blockages m the pull-side of the push-pull s,,'stcnl. 



A M O D I F I E D  PUSII -PULL SYSTEM 473 

L 

A B 

D C 

,, o 

*; 

L 
l.l(;. 2. Histc)lo,uical sections of ral brain. Sections A and B were obtained from brains subjected to push-pull perfusions m which a closed 
push-pull system was used. Sections (" and D ,a.ere obtained from brains subjected to similar perfusions except that the perfusion outflow 

was continuot, sly monitored t,sing the present modified system. 

mm of water) ,  of  the  pressure appl ied to the pull-side of  tile 
sys tem.  This is no rmal ly  in the range of  10- .300  mm of 
water.  

4. The c o m m o n l y  used flow rates of  50 2 0 0 u l / m i n  can 
now be reduced  to 0 . 6 -  1.7 u l / m i n  w i t h o u t  decreas ing the 
p robab i l i ty  of  de t ec t ing  occlusions.  

5. Flow rates of  0.6 1.7 u l / m i n  arc less likely to cause 
tissue erosion (i.e. mechan ica l  damage)  than  flow rates of 
50 -200 u l /min .  

6. The ac tual  inc idence  of  occlus ions  is reduced,  firstly, 
by the  d imin i shed  negat ive pressure appl ied to the pull-side 
of  the sys tem (i.e. 10 to 300  mm of  water  c o m p a r e d  wi th  
an a t m o s p h e r i c  pressure of a p p r o x i m a t e l y  10.33 met res  of  
water  when  a b lockage occurs  in a closed pul l -sys tem)  and 
secondly ,  by the  great ly reduced flow rates. 

7. The present  m o n i t o r i n g  facili ty permi ts  the discovery 
of part ial  occlus ions ,  tha t  is. when  less than  the to ta l  
vo lume pushed t h r o u g h  the sys tem is recovered from the 
brain.  In such cases the fluid level in the m o n i t o r i n g - t u b e  
falls more  s lowly than  when  there  is a complc t e  blockage.  
In the present  push-pul l  sys tem part ial  occ lus ions  of ten  
tend to clear themselves .  However,  in a closed sys tem a 
partial  occlus ion would ahnos t  inevi tab ly  lead to a to ta l  

occlusion as rapidly increasing negative pressure is applied 
to the  pull-side o f  the system.  

8. The viabil i ty of  the p repa ra t ion  is great ly ex t ended .  
Under  ideal c i rcumstances ,  which  include an absence  of  
haemorrhag ing ,  few blockages,  and successive perfus ions  
separa ted  by not  more  than  2 4 - 4 8  hr, as m a n y  as 30 to 40  
perfus ions  can now be c o n d u c t e d  at each of  several sites in 
tile brain of  a single an imal  over  a period of several mon ths .  

The present  modif ied  push-pull  system is sui table  for use 
with all c o m m o n  l abora to ry  mammals ,  however ,  in roden t s  
its use is par t icular ly  desirable because of the relative 
severi ty of  lesions caused by unrecovered  fluid loss in these 
animals.  File present  sys tem has been used successful ly in 
the e s t ab l i shment  of  dose-response  re la t ionships  be tween  
centra l ly  admin i s t e red  n e u r o h u m o r s  anti se l f -s t imulat ion 
behav iour  in rats 171. The release of  neu rochemica l  agents  
into  the perfusatc  has also been observed using the present  
modif ied  system.  
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