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NICOLAIDIS, S., N. ROWLAND, M.-J.  MEILE, P. MARFAING AND A. PESEZ. A flexible technique for long term 
infusions in unrestrained rats. PHARMAC. BIOCHEM. BEHAV. 2(1) 131-136, 1974.-  A technique is described which 
allows long term intravenous and intragastric infusions in rats; the advantages of these methods is discussed. A new 
double lumen watertight swivel is described for double infusions or infusion and sample experiments. Using the 
ensemble, rats have been infused for up to five months while at complete liberty of movement. 

Infusion technique Long term Intravenous Intragastric Catheterisation 
Surgical procedure 

Double lumen swivel 

I N T R A G A S T R I C  (IG) [8, 11, 12, 13, 14, 15, 19] and 
int ravenous (IV) [ I ,  3, 4, 5, 6, 7, 10, 20, 21, 22, 24] 
catheter isat ion procedures  in the rat have been described, 
and most  are suitable for  acute  infusion or sampling experi-  
ments.  However,  not  all of  these are adaptable  to  chronic,  
long te rm studies, the principal  di f f icul ty  being to allow 
f reedom to the animal even during its most  active periods. 
The respective shor tcomings  and disadvantages of  the litera- 
ture methods  may be briefly summarised.  Painful tail vein 
catheters  (e.g. [ 10])  are clearly inadequate ,  as are jugular 
techniques  which use semirigid po lye thy lene  catheters (PE) 
[ 1,3 ]. The commercia l ly  available harness device is severely 
restricting [12, 21, 24] .  F ixat ions  in the neck region or  
subcutaneous ly  [6, 7, 11, 13, 15, 22] pull on the rat during 
a t t empted  activity.  The IG nasopharyngeal  catheter  devel- 
oped by Epstein [8] and reviewed by Kissileff [14] has 
been used effect ively [8, 14, 19],  but  since it does not  
el iminate sensations in the  nasopharynx [13 ,18] ,  it is not  
suitable for  the s tudy of  purely gastric factors.  

However,  by using the best features f rom the above 
methods  - for example  all but  one [5] advocate  a water- 
tight swivel jo in t  - we have synthesised a cheap and simple 
system, which is minimally restraining for the rat. As is well 
known,  many physiological  and behavioral  parameters  are 

part icularly susceptible to modif ica t ion  by minor  stresses; 
our system, as an ensemble,  is most  suitable for chronic,  
long te rm infusion or  sampling studies in these fields of 
research. 

METHOD 

Surgery 

Semisterile condit ions,  and sterile ins t ruments  and 
catheters are used. Details are minimised where suitable 
references are available. 

I V  catheterisation. The catheters are made entirely of  
silicone rubber  (Silastic®) as used by Corbit  [4] and 
Steffens [20 ] ;  this is be t ter  tolerated than part PE cath- 
eters. Our basic design is shown in Fig. 1. We find a double 
mitered tip (E) effect ively prevents coagulation and allows 
sampling, a l though other  designs are possible [6 ,20] .  The 
catheter  is comple ted  with a 20 mm curved length of  1 mm 
syringe needle (all metall ic ends are polished smooth) ,  and a 
t ightly f i t t ing double  thickness of  Tygon tubing (Technicon  
tubes)  with pin stopper.  Prior to surgery, the catheter  is 
filled with saline. 

Surgical technique is well documented  [4, 6, 20, 24 ] ;  
our catheter  is designed for entry into the right external  
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FIG. 1. Design and dimensions  o f  IG and IV catheters.  They are made o f  silicone rubber (Si las t ic®-Dow Corning, Catalogue 
number  cited). Tip A of the IG catheter is PE. The tip for the IV catheter  is cut in a double mitre B, and collar C fitted. 
Stippled port ions are Silastic ® glue. D is a 1 m m  bore cut syringe needle; E is the flexible headpiece made of thick walled 

Tygon tubing "Technicon ® tubing). 
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FIG. 2. Surgical implanta t ion of IG catheter, showing how the purse string suture respects the 
vasculature o f  the s tomach wall and upon tying around the catheter the blood flow is uninterrupted.  
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jugular  vein some 5 m m  befo re  i t  dives u n d e r  the  clavicle. 
When pushed  in as far as collar  C, t ip B is n o w  at the  
aur icu la r  cavity.  The vein is t ied a r o u n d  the  ca the te r ,  and  
held  in place by  f u r t h e r  su tures  a r o u n d  the  vein as in  [20]  ; 
o t h e r  workers  f ind he rn i a  gauze sa t i s fac tory .  When  no t  in  
use, ca the te r s  are filled wi th  viscous p o l y v i n y l p y r o l l i d o n e  
so lu t ion  as in  [ 2 0 ] .  

IG catheterisation. Discoun t ing  na s opha r yngea l  m e t h -  
ods, ours is a cons iderab le  m e t hodo l og i ca l  advance  over  
t ha t  of  Kohn  [ 15 ]. The c a t h e t e r  is again of  Silastic ® excep t  
for  a small  PE t ip A glued on  (Fig. 1). The s t o m a c h  is 
accessed by  gent ly  pul l ing it  t h r o u g h  an inc is ion  in the  
a b d o m i n a l  wall to  the lef t  of  the  midl ine  and  some 1 cm 
be low the  rib cage. An un t i ed  purse-s t r ing  su ture  ( a b o u t  
5 m m  in d i ame te r )  is made  in the  m e m b r a n o u s  p o r t i o n  
(darker )  of  the  s t o m a c h  wall as s h o w n  in Fig. 2. The purse- 
s t r ing  su ture  at the  level of  the  advent ice  respects  the  
vascula ture ,  as s h o w n  in Fig. 2, and  hence  avoids necrosis .  
The  rigid t ip A' of  the  ca the t e r  is t hen  forced  t h r o u g h  a 
small  needle  p u n c t u r e  made  in the  middle  of  the  su tu re  
loop,  and  advanced  so t ha t  all of  the  glue bulge is inside.  
The  su ture  is t ied f i rmly,  bu t  no t  so t igh t ly  as to  collapse 
the  ca the t e r ;  the  t r a u m a  to the  s t o m a c h  is min imal .  The  
c a t h e t e r  c a n n o t  be pul led ou t ,  and  remains  f u n c t i o n a l  and  
leakfree  for  m o n t h s .  The  s t o m a c h  is r epos i t i oned  and  the  
c a t h e t e r  led t h r o u g h  the  a b d o m i n a l  wall which  is d o s e d  by  
su tures  of  each of  the  th ree  muscu la r  layers.  It is advisable  
to  feed these  rats a f inely g round  chow;  s t andard  chow has 
larger par t ic les  which  can clog these  ca theters .  

Head fixation. Both  types  of  c a t h e t e r  descr ibed,  as well 
as o thers  such  as por ta l  (S te f fens '  or Davis' u n p u b l i s h e d  
t echn iques ) ,  lef t  jugular ,  are pul led s u b c u t a n e o u s l y  to a slit 
in the  skin on  the  top  of  the  skull. The use of  screws and  
den ta l  c e m e n t  provides  a rel iable,  n o n  s t ress ing mode  of  
a t t a c h m e n t  [1, 4, 8, 14, 19, 20 ] .  We use, in add i t i on  to 
small  screws, a s tainless steel bo l t  worked  to the  d imens ions  
s h o w n  in Fig. 3. The  T head  is t h e n  slid i n to  an e longa ted  
hole  in the  skull ( a r ound  the  l a m b d a  region) ,  t u r n e d  
t h r o u g h  90 ° and the  nu t  fas tened .  This is fac i l i ta ted  i f  the  
t ip  of  the  bo l t  is f l a t t ened  as in  the  figure and  held  in 
clamps.  The  head  of  the  bo l t  is th in  and does no t  h a r m  the  
dura,  yet  is s t rong  e n o u g h  to provide a 100% rel iable 
anchor .  S te reo tax ic  m a n i p u l a t i o n s  are mos t  conven i en t l y  
carr ied ou t  i m m e d i a t e l y  pr ior  to  f ix tu re  of  the  screws, and  
the  e m b e d d i n g  of  meta l  par t  D of  the  ca the t e r  (Fig. 1) in 
the  cement .  This head  f ix ture  is par t icu la r ly  su i tab le  for  
mul t ip le  c a t h e t e r  p repa ra t ions  - we are cu r ren t ly  us ing 
cardiac + portal ,  cardiac + gastric, and  bi la tera l  jugular  
p repara t ions .  With pract ice ,  such ope ra t i ons  take  a b o u t  1 hr  
overall ,  wi th  a s imple ca the t e r i s a t i on  co r r e spond ing ly  more  
rapid.  

A P P A R A T U S  

The Infusion Ensemble 

Our e x p e r i m e n t a l  cages are essent ia l ly  s imilar  to those  
descr ibed by  Blass [ 2 ] ,  bu t  bui l t  for  long t e rm  infus ions .  
Figure 4 shows t ha t  ver t ical  bar  (V)  a t t a c h e d  to the  f rame 
of  the  cage carries a Plexiglas b e a m  which  moves  freely in 
all d i rect ions .  The  animals  are p e r m a n e n t l y  c o n n e c t e d  to a 
syr inge and drive m o t o r ,  m a i n t a i n e d  at the  level of the  
res t ing  rat .  If  t he  l iquid reservoir  is n o t  at  th is  level the  
r e su l t an t  feeble  h y d r o s t a t i c  g rad ien ts  can  cause air leaks at  
wa te r t igh t  swivels (which  appear  leakfree  at  h igh pressures) .  
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FIG. 3. Stainless steel head bolt lathed to dimensions shown. 

An a d e q u a t e  l eng th  of  PE tub ing  leads f rom the  syringe,  
t h r o u g h  holes  in the  beam to a wa te r t igh t  swivel. An 
accura te  l eng th  (see Fig. 4) of  PE leads f rom swivel to  rat ,  
and  is p r o t e c t e d  by  meta l  shea th  (Meccano  ® spr ing cord  is 
exce l len t ,  bu t  needs  to  be made  slipfree on the  PE c a t h e t e r  
by  a col lar  of  larger  d i a m e t e r  PE). The b e a m  is coun te r -  
ba l anced  wi th  elast ic th read ,  wh ich  means  t ha t  the  sys tem 
has min ima l  iner t ia  and re sponds  to the  ra t ' s  every move- 
men t .  With  the  to r s ion  ad jus ted  so t ha t  the  pull  on  the  rat  
is of  the  o rde r  o f  2 g wt. or jus t  e n o u g h  to p reven t  the  
p r o t e c t e d  c a t h e t e r  f rom sagging. When the  ra t  rears, the  PE 
stays fair ly tau t .  The  PE ca the t e r  is c o n n e c t e d  to the  ra t ' s  
T y g o n  headp iece  (E, Fig. 1) by  a 1 cm leng th  o f  1 m m  bore  
steel  tube .  The  piece E is s t rong  and  f lexible,  and  the  
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FIG. 4. The infusion ensemble. The cage, of which mesh floor M and 
vertical bar V attached to frame are shown, is a modified metabolism cage 
with cylindrical Plexiglas walls. The syringe S containing the infusion liquid 
is maintained at the level of the resting rat. The light beam pivots freely 

and is counterbalanced with thin elastic thread. 

sys tem al lows the  rat  to  sleep in a na tu ra l  pos tu re  wi th  the  
head  curled u n d e r  the  b o d y ,  while a l lowing free passage of  
fluids. This piece, in some rats, may  need  i n f r e q u e n t  
changing.  All the  d imens ions  of  the  sys tem are so chosen  to 
give t ight  f i t t ings  - it is no t  easy for  m an  to pull  t he  
ensemble  apar t  and vir tual ly  imposs ib le  for the  rat .  

Wa tertigh t Swivel  

In add i t i on  to the  excessively heavy  commerc ia l  swivels, 
several l igh tweight  and  reliable h o m e - m a d e  ef for t s  are 
available in the  l i t e ra tu re  (e.g. [7, 9, 23]  ). Our own  vers ion 
is a Plexiglas cy l inder  which  is divided in to  two  m i n u t e  
fluid c h a m b e r s  by an O ring. The casing exer ts  an  even 
radial  force on  the  O ring, which  c o n s e q u e n t l y  fo rms  a 
wa te r t igh t  seal o f  m i n i m u m  surface area wi th  the  ro t a t i ng  

meta l  tube  at  its inner  c i rcumference .  This has been  
deve loped  i n to  a doub le  channe l  model ,  s h o w n  in Fig. 5. 
The  pr inciple  is the  same, bu t  two  O rings form two  t iny,  
i n d e p e n d e n t  fluid c o m p a r t m e n t s .  The main  t r ick  is the  
accura te  mach in ing  of  the  Plexiglas casing, so tha t  the radial 
pressure on  the  O rings is suf f ic ient  to  m a i n t a i n  the  jo in t s  
leakfree,  bu t  no t  so great  as to  impose  a h igh t o r q u e  for  
t u rn ing  the  inne r  tubes .  Well made,  the  t o r q u e  is l i t t le  
grea ter  t han  for  a s!mple swivel. 

Performance 

The rats do lead u n h a m p e r e d  expe r imen ta l  lives of  
mon ths .  The  use of  sterile l iquids  for in fus ion ,  and  add i t ion  
o f  an t ib io t ic ,  pos tpones  the in fec t ions  which  f inal ly 
a c c o u n t  for  the  rats. The doub le  swivel, t oge the r  wi th  the 
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M U L T I P L E  C H A N N E L  W A T E R T I G H T  S W I V E L  
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FIG. 5. Double channel watertight swivel. The outer casing is accurately machined Plexiglass of circular cross section. All solder is acid cored, 
and tubes of stainless steel. The O rings are made by STEFA. 

descr ibed  possible  mul t ip le  ca the te r i sa t ions  al lows a whole  
range o f  p e r m u t a t i o n s  of  in fus ions  and  sampl ing  in undis-  
t u r b e d  rats. One l im i t a t i on  seems to be  the  size of  ra t :  
be low a b o u t  1 O0 g b o d y w e i g h t ,  the  skull  is t oo  sof t  to  take  
screws;  b u t  us ing a su i tab ly  small  jugu la r  c a the t e r  ra ts  have 

received c o n t i n u o u s  nu t r i t ive  in fus ions  dur ing  g rowth  f rom 
100 t h r o u g h  1 8 0 g  (Rowland ,  u n p u b l i s h e d  data) .  The 
sys tem has  a low dead space, and is suf f ic ien t ly  l ight  and 
c o m p a c t  to  have been  used in a closed me tabo l i c  c h a m b e r  
for  s t udy  of  r e sp i ra to ry  exchanges  [ 16] .  
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