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BEDFORD, J. A., A. H. KIBBE AND M. C. WILSON. Chronic intravenous dosing and blood collection hz the 
unanesthetized monk(v. PHARMAC. BIOCHEM. BEHAV. 6(5) 601-602,  1977. - A procedure is described which allows 
chronic dosing and blood collection from awake monkeys. The procedure involves only minor surgical anesthesia and 
allows the same vein of the animal to be used several different times with home-cage recuperation periods intervening 
between sequential chronic catheterizations. 

Chronic intravenous dosing Blood collection 

FOR the  past  two  years,  th is  l a b o r a t o r y  has been  engaged 
in a p rogram of  research  which  has o f t en  involved the  
necess i ty  of  ch ron ica l ly  admin i s t e r ing  drugs in t r avenous ly  
to monkeys .  In add i t ion ,  our  designs have o f t en  called for 
serial b lood  sampl ing  at specif ic  intervals  pos t in fus ion .  
Chron ic  a d m i n i s t r a t i o n  of  drugs by  the  i n t r avenous  rou te  
has been  observed  to p roduce  n u m e r o u s  problems .  These 
are: (1) swell ing a r o u n d  the  vein mak ing  s u b s e q u e n t  
in j ec t ion  di f f icul t ,  (2)  d i f f icu l ty  in accura te ly  h i t t ing  the 
vein, (3)  venous  collapse,  and (4)  e x p e r i m e n t a l  con tami -  
n a t i o n  by  stress fac tors  as a resul t  of physical ly  res t ra in ing  
the animal .  

Chron ic  b lood  sampl ing  also p resen t s  several p roblems .  
Many ana ly t ica l  p rocedure s  require  at  least  one ml sample 
vo lumes  and  mos t  ana ly t ica l  chemis t s  would  ra the r  have 
2 3 ml samples  so t ha t  they  can ob ta in  more  t han  one 
ana ly t ica l  d e t e r m i n a t i o n  per  sample.  A t t e m p t s  to  ob ta in  
samples  of  this  size ut i l iz ing s tandard  bu t t e r f l y  in fus ion  sets 
were f o u n d  to be comple t e ly  unsa t i s fac to ry .  It has been  our  
exper ience  tha t  one  is rarely able to ob ta in  more  t han  two 
samples  on  the  order  of  2 - 3  ml before  the vein collapses. 
In add i t ion ,  the  stress fac tor  is also involved wi th  this  
t echn ique ,  in t ha t  the  an imal  mus t  be res t ra ined  while the 
bu t t e r f ly  is inser ted.  Femora l  p u n c t u r e  p rocedures  will 

allow the  co l lec t ion  of  samples  of  this  size; however ,  
because of  the  risk of  unseen  hemor rhage ,  this  t e c h n i q u e  
was felt undes i rab le .  The a f o r e m e n t i o n e d  p rob lems  led us 
inevi tab ly  to the  use of an indwel l ing c a t h e t e r  p repa ra t ion  
which  c i r cumven t ed  all or the  wors t  of these  problems .  

Repor t s  in the  l i te ra ture  conce rned  wi th  this  p rob lem 
have involved the  ca the t e r i za t i on  of deep vessels, e.g., 
ex te rna l  iliac a r te ry  [ 1 ] ;  c o m m o n  iliac ar tery ,  [ 4 ] ;  iliac 
vein, [ 2 , 3 ] .  These p rocedures  necess i ta ted  the  use of deep 
anes thes ia  (i.e., sod ium p e n t o b a r b i t a l )  and a pro longed  
recovery  t ime.  The ca the t e r i za t i on  p rocedure  which  has 
p roven  mos t  reliable and  advan tageous  in this  l abo ra to ry  
involved on ly  m i n o r  t r anqu i l i za t ion  of  the  animals  (Keta-  
mine,  HCI, 14 mg/kg,  IM) and the  use of  a very superficial  
vein (Saphena  parva).  If the  an imals  have been  adap ted  to 
the  res t ra in ing  chair  pr ior  to  surgery,  in mos t  cases the  
dosing and b lood  col lec t ion  can be s ta r ted  the  day 
fo l lowing surgery. In add i t ion ,  if the p rocedure  discussed 
be low is ut i l ized,  the  same vein can be used several t imes. 

PROCEDURE 

The animals  are given 15 mg/kg  Ke tamine ,  HC1 intra-  
muscu la r ly  as an anes thes ia  fo l lowing which  the  calves of 
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the legs are shaved,  sc rubbed  wi th  an an t ibac te r i a l  soap and 
pa in ted  wi th  a c o m m e r c i a l  p repp ing  so lu t ion  (Acu-Dyne ,  
Acme  Uni ted  Corpora t ion ) .  Next ,  using sterile t e chn ique ,  a 
o n e q n c h  incis ion is made  dorsal ly,  d i rec t ly  over  the  
sapheneous  vein at the  level of  the  gas t rocnemius  muscle ,  
being careful  no t  to  cut  the vein as it lies very close to the 
surface.  The skin is then  separa ted  f rom the  muscle  and 
fascia via b l u n t  d issect ion,  pul led ou t  of  the  way and left  in 
place wi th  in tes t ina l  forceps.  The vein is then  careful ly  
separa ted  f rom su r r ound i ng  tissue. In o rder  to p resen t  
venous  occlus ion by  the  fascia it is b e t t e r  to cut  the  fascia 
away f rom the  vein r a t h e r  than  using b l u n t  dissect ion.  Once 
the vein is c o m p l e t e l y  exposed ,  it is tied of f  at the  mos t  
d i s t a l  p o i n t  a l o n g  t h e  incis ion wi th  00 silk. 
Fol lowing this  a piece of sterile p o l y e t h y l e n e  tub ing  (PE50,  
Clay-Adams)  a p p r o x i m a t e l y  1.5 m long, t ha t  has been 
c o n n e c t e d  to a syringe filled wi th  sterile saline, is inser ted  
in to  a hole which  has been cut  in the vein wi th  iris scissors. 
The c a t h e t e r  is then  pushed  in to  the  vein un t i l  the  t ip rests  
an inch  or two  be low the  level of  the  hear t .  The w o u n d  is 
then  in f i l t ra ted  wi th  n i t r o f u r a z o n e  p o w d e r  (Furac in  Solu- 
ble Powde r -Ea ton  Labora to r ies )  and su tured  a r o u n d  the  
ca the t e r  wi th  O0 silk. Th imerosa l  (Mer th io la te ,  Lilly) is 
sprayed on the  ex t e r io r  surface to inh ib i t  local infec t ion .  
Immed ia t e ly  af te r  surgery,  the  an imal  is given 600 ,000  
uni ts  of  penici l l in  (Bicillin,  Wye th )  in t r amuscu la r ly .  The 
animal  is t hen  res t ra ined  in a p r ima te  res t ra in ing  chair  (Plas 
Labs), placed in a sound  a t t e n u a t i n g  cubicle,  and c o n n e c t e d  
to an IV drip of  sterile n o r m a l  saline. For  best  results,  a 
Veno-Se t  Micro Drip ( A b b o t )  should  be used to admin i s t e r  
the  saline, as o t h e r  b rands  of  i n t r avenous  sets do no t  allow 
small  a m o u n t s  to  be admin i s t e red  accura te ly .  Drip rate 
should  be set at  a p p r o x i m a t e l y  3 - 5  drips per  rain (dpm) .  
Bot t le  height  can be adjus ted  in order  to ob ta in  suff ic ient  
pressure for i n t r aan ima l  var iabi l i ty  wi th  respect  to venous  
pressure.  A drip rate any higher  than  3 - 5  dpm  can resul t  in 
swelling and edema  in the  lower  ex t remi t i e s  of  some 
animals  which  necess i ta tes  removing  t h e m  f rom the  experi-  
ment .  Occasional ly  af te r  the  an imal  has been chron ica l ly  
ca the te r i zed  for several days the  back pressure in the  
cannula  increases  to a po in t  where the  IV dr ip  will no t  
flow. When this  occurs,  we swi tch  f rom the  IV drip to a 
syringe p u m p  set to  deliver 1.5 2.0 ml of  so lu t ion  per  hr. 
In add i t ion ,  when  back  pressure increases,  it can general ly  
be al leviated or e l imina ted  by pu t t i ng  0 . 2 5 - 0 . 5 m l  of  a 

R s tandard  so lu t ion  of  Elase (F ib r ino lys in  and Desoxy- 
r ibonuclease ,  Parke-Davis)  in the ca the t e r  and al lowing the  
p u m p  to inject  it slowly. 

RESULTS 

The a f o r e m e n t i o n e d  p rocedure  has been  ut i l ized in 
a p p r o x i m a t e l y  t w e n t y  rhesus and  cynomolgus  m o n k e y s ,  

ma in t a in ing  c a t h e t e r  pa t ency  for b o t h  in fus ion  and b lood 
wi thdrawal  for  as long as 6 weeks wi th  no  appa ren t  ill 
effects  to the  an imal  dur ing  or a f te r  t r e a t m e n t .  Two to 
three  ml b lood  samples  may  be drawn as f r equen t ly  as one 
per  minu te .  Using the  r e c o m m e n d e d  po lye thy l ene  tub ing  
(PE50,  Clay-Adams)  very litt le edema  has been seen. 
However ,  increasing the  size of the tub ing  ( P E 6 0 - 9 0 )  did 
resul t  in the  p r o d u c t i o n  of  edema  which  forced p r ema tu re  
t e r m i n a t i o n  of  the  expe r imen t .  

A n o t h e r  p rob lem occas ional ly  incurred  wi th  this  tech- 
n ique  was the  inabi l i ty  to get b lood re tu rn  f rom the 
ca the ter ,  while infus ion  was still possible. In all cases, this  
p rob l em was solved by  s imply pul l ing the ca the t e r  ou t  an 
inch  or so or  push ing  it in a shor t  d is tance.  Apparen t ly ,  the 
wall of  the  vein covers the  tip of  the ca the ter ,  p rec luding  
b lood  wi thdrawal .  The ope ra t ion  of  sliding the ca the t e r  in 
or ou t  places the  ca the t e r  tip in a pos i t ion  such tha t  b lood 
wi thdrawal  is again possible.  

When a par t icu lar  e x p e r i m e n t  was comple t ed ,  the  
animals  were usually r e tu rned  to the h o m e  cage to allow 
t h e m  to exercise,  as the  chairs do no t  pe rmi t  extens ive  
m o v e m e n t  of  the  lower  ex t remi t ies .  S tandard  p rocedure  
was to remove the  ca the t e r  comple te ly ,  and since the vein 
had been  tied off, th is  would no rma l ly  mean  tha t  the vein 
could no t  be used again. However ,  a t e c h n i q u e  has been 
developed which involves leaving the major i ty  of  the 
ca the t e r  in the vein which  can, at a later  date,  be removed  
and a new ca the t e r  inser ted  in to  the  same vein. 

Briefly, fo l lowing c o m p l e t i o n  of  a par t icu lar  e x p e r i m e n t  
the an imal  is anes the t i zed  wi th  10 mg/kg  Ke tamine  HCI: 
the area a r o u n d  the  old incis ion is p repared  in the usual 
manner .  Fol lowing this, under  sterile t e chn ique  the incision 
is r eopened  and the po in t  where  the  ca the t e r  enters  the vein 
is exposed.  Next ,  the  ca the t e r  is pulled ou t  a b o u t  two 
inches,  cut off, and heat  sealed mak ing  sure there  are no 
rough  edges on  the ca the t e r  tip. Next  the  ent i re  ca the t e r  is 
inser ted  in to  the  vein wi th  the heat-sealed tip comple t e ly  
inside the  vein. The vein is then  tied beh ind  the ca the t e r  
wi th  00 silk such tha t  the ca the t e r  c a n n o t  slide out .  The 
w o u n d  is then  closed in the usual m a n n e r  and the  m o n k e y  
r e tu rned  to the  h o m e  cage. Fol lowing a suff ic ient  recovery 
t ime (e.g., 2 - 3  weeks or when  the  an imal  is again needed in 
an e x p e r i m e n t )  the an imal  is again anes the t i zed  and the 
vein exposed,  The vein tie is then  removed  and the old 
ca the t e r  pul led out .  Af ter  placing a new ca the t e r  in the vein 
the p rocedure ,  which  was descr ibed earlier, is unde r t aken .  
With p rope r  care the  c a t h e t e r i z a t i o n - r e c a t h e t e r i z a t i o n  pro- 
cedure  can be accompl i shed  several t imes wi th  no appa ren t  
ill e f fec ts  to  the  animal.  With the cost of  n o n h u m a n  
p r ima tes  c o n t i n u i n g  to rise and availabil i ty con t inu ing  to 
decline,  any  p rocedure  which great ly enhances  the experi-  
men ta l  life of  a m o n k e y  should be welcomed.  
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