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HARLAND, E. C., M. C. WILSON AND J. A. BEDFORD. Esophageal cannulation for oral drug administration in the 
sub-human primate. PHARMAC. BIOCHEM. BEHAV. 7(4) 405-406, 1977. - A technique of esophageal cannulation used 
in rats was adapted for use in the sub-human primate. Cannulation of the esophagus requires general surgical skills and a 
very short postoperative recovery period. No interference in eating habits or tendency toward vomiting was noted 
following cannulation. This technique allows the investigator an effective method for oral dosing of drugs with minimal 
physical and emotional stress to the animals and is quite appropriate for oral drug self-administration studies. 
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S C H E D U L E D  adminis t ra t ion is a widely used technique  in 
animal models  to evaluate the toxicological ,  psychological ,  
and pharmacologica l  propert ies  of  chemicals and drugs. 
Techniques  for drug adminis t ra t ion should allow the 
invest igator the abil i ty to adminis ter  the test drug in 
specific doses at specific t imes by the desired route  with 
minimal  emot iona l  and physical  stress to the animal. 

Oral adminis t ra t ion techniques  which are now used 
include incorpora t ing  the drug in the animal 's  food or 
water,  naso-gastic in tuba t ion  and gastic cannulat ion.  Some 
drugs are not  readily accepted orally by animals because of  
taste. A t t empt s  to mask the taste of  these drugs in food and 
drinking water  have not  been satisfactory and have inherent  
difficulties,  especially when scheduled dosing is required.  

Naso-gastic in tuba t ion  requires physical  restraint to hold 
the animal during the procedure .  This produces  exc i tement  
and emot iona l  stress which may  alter early behavior and /or  
pharmacological  effects  of  the test drug. 

To overcome these diff icult ies some investigators have 
developed a cannula t ion technique  to bypass the m o u t h  
and deposi t  the substance direct ly  in to  the s tomach.  This 
me thod  allows an effect ive me thod  of  administer ing drugs 
orally with li t t le restraint  to the animal as well as possible 
self-administrat ion of  drugs. However ,  the intragastric 
cannulat ion technique  requires well-developed surgical skills 
and considerable postsurgical care. If the cannula is not  
proper ly  sutured to the s tomach wall or is pulled loose, 
gastric juice will leak into  the abdominal  cavity producing 
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peri tonit is  and probable death.  The extensive abdominal  
adhesions, which develop with this procedure ,  involve in 
many cases the intestines,  spleen, and liver [ 1 ]. 

Cannula t ion of  the esophagus has the advantages of  the 
intragastric technique  but requires only general surgical 
skills and a m in imum of  postsurgical care [2] .  

METHOD 

Eight male rhesus monkeys ,  Macaca mulatta, were used 
in this s tudy.  The animals were housed in a sound-proof  
chamber  ( 9 1 . 5 c m  × 9 1 . 5 c m  × 1 2 4 c m )  with an expanded 
metal  f loor  for 1 week prior to surgery. The animals were 
f i t ted with restraining harnesses which were connected  to 
the back of  the chamber  by a flexible arm. This equ ipment  
allows free movemen t  within the chamber  but  prevents 
escape when the chamber  is open. The animals were given 
free access to water  and fed Purina m o n k e y  chow (8 chows 
twice a day). Food  was withheld the morning of  surgery. 
Animals were fed as usual fol lowing recovery f rom anesthe- 
sia. 

Cannula Construction 

The esophageal cannula was made from a 60 cm length 
of  silicon rubber  tubing (Siltube i . d . -  0.031 cm, o.d. 
0.093 cm, Rodhe lm Reiss, Inc.). A strand of  5 - 0  stainless 
steel monof i l amen t  wire was looped and tied 5 cm from the 
tip of  the catheter  with enough tension to indent  the tubing 
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but  no t  close the  inside d i ame te r  of the  tube.  The cannula  
was t h e n  au toc laved  and  was ready for use. 

Surgical Pro cedure 

Anesthes ia  was induced  by Ke tamine  HC1 10 mg/kg  IM 
(Vetalar ,  Parke-Davis)  and  ma in t a ined  wi th  th iamyla l  sodi- 
u m  IV (Suri tal ,  Parke-Davis).  The hair  was r emoved  f rom 
the neck  and thorac ic  back  using electr ic  hair  cl ippers 
(Model  A 5 0 s t e r )  equ ipped  wi th  a size 40 blade.  A 
presurgical  scrub using p rov idone- iod ine  (ACU-dyne  skin 
cleanserR,  ACME Uni ted  C o r p o r a t i o n )  was given to the 
skin of  the  cl ipped area. A p rov idone- iod ine  prep so lu t ion  
was then  applied to the surgical area. 

The anes the t i zed  m o n k e y  was t h e n  placed on  the  
surgery table  which  was covered by  4 layers of  sterile 
musl im drape.  The an imal  was pos i t ioned  and draped  for  
surgery. 

The an imal  was pos i t ioned  on its back wi th  its head over  
the  end of  the  table  a l lowing the an t e r io r  surface of  the  
neck to be ex tended .  A 5 cm skin incis ion was made  on the  
midl ine  beg inn ing  a p p r o x i m a t e l y  1 cm an te r io r  to  the  
m a n u b r i u m  of  the  s te rnum.  The bodies  of the  s terno-  
hyo ideus  muscles  were separa ted  by b l u n t  dissect ion.  The  
t rachea  lies media l  to the  s t e r n o h y o i d e u s  muscles  and the  
esophagus  immed ia t e ly  b e n e a t h  it and to the  an imal ' s  left.  
By moving  the  t rachea  to e i the r  side and b l un t l y  separa t ing  
the loose connec t ive  tissue the  esophagus  was grasped wi th  
Allis tissue forceps and raised to the  surface of the  incision.  
A small hole (1 /2  cm) was made  in the  long i tud ina l  muscles  
of the  esophagus  by  placing the  sharp po in t s  of  Iris scissors 
in to  the  muscle and spreading the  points .  Small r a t - t oo thed  
forceps were placed in be t w een  the  separa ted  muscles  to  
pick up the  mucosa l  l ining of  the esophagus.  The mucosa  
was ident i f ied  by  its ye l lowish-whi te  color.  A small  hole  
was cut  in the  mucosa  and the  cannu la  passed in to  the  
esophagus unt i l  the  stainless steel wire was f lush wi th  the  
muscles of  the  esophagus.  A purse-s t r ing  suture  using this  
wire was made  t h r o u g h  the  muscles  of  the  esophagus.  Two 
mat t ress  sutures  were made  t h r o u g h  the  esophageal  muscle  
a round  the  cannu la  wi th  5 - 0  stainless steel wire, inver t ing  
the  muscle a round  the  cannula .  Stainless steel wire was 
chosen  over  o t h e r  available suture  mater ia l  because of  its 
low tissue i r r i tabi l i ty  and n o n a b s o r p t i o n  qualit ies.  

The cannu la  was passed unde r  the skin f rom the incis ion 
to the  prefer red  exi t  po in t  on the back.  The cannu la  exi ted  
at a po in t  a long the  midl ine  of  the  back  be tween  the  level 
of the  shoulder  blades,  which  al lowed c o n n e c t i o n  of  the  
cannula  to  the  infus ion  needle  con ta ined  in the  res t ra in ing 
harness.  This was accompl i shed  by b l un t l y  dissect ing the  
s u b c u t a n e o u s  tissues wi th  hemos ta t i c  forceps f rom the  
incision to a po in t  jus t  over the  ex te rna l  jugular  vein. The 
free end of  the  cannula  was c lamped in h e m o s t a t e s  and 
pushed  u n d e r  the  skin to the  desired po in t  on the back.  A 
small incis ion was cut  over the  po in t  of  the  h e m o s t a t s  
t h r o u g h  the  skin and the  cannula  pulled th rough .  

The s t e rnohyo ideus  muscles  were su tured  back  t oge the r  
and the  cannula  a n c h o r e d  wi th  5 - 0  stainless steel wire in 
the suture  line of  the  muscle tissue. Care was taken  to 
insure tha t  no  unusua l  t ens ion  was placed on the cannula  as 

it was ancho red  in place as this  would al ter  the n o r m a l  
pos i t ion ing  of  the  esophagus.  

The skin was closed wi th  5 - 0  stainless steel wire. The 
cannu la  was t h e n  a t t ached  via the  stainless steel  harness  and 
res t ra ining arm to  an in fus ion  pump .  An in jec t ion  of  
600 ,000  uni t s  of  b e n z a t h i n e  penici l l in  G and proca ine  
penici l l in  G (Bicillin C-R, Wye th  Labora tor ies ,  Inc.)  was 
given fo l lowing surgery.  

RESULTS 

In the  eight  rhesus m o n k e y s  used in the  expe r imen t ,  two 
had func t iona l  cannulae  af te r  six weeks of daily dosing. 
Two died dur ing  the  first week post  surgery f rom drug 
overdose.  On necrops ies  of  these an imals  it was found  t ha t  
a very s t rong adhes ion  developed a round  the cannu la  as it 
enters  the  esophagus.  The adhes ions  p reven ted  food or 
o the r  subs tances  escaping the  esophagus  in this  area. The  
mucosa l  l ining of  the  esophagus  was no t  grossly a l tered by  
the  cannula ,  no r  was i n f l a m m a t i o n  or swelling a p p a r e n t  at  
the  site where  the  cannu la  en te red  the  esophagus.  Two 
m o n k e y s  gained access to  the  distal  end  of  the  cannulae  and  
the  cannu lae  b roke  in situ. An a t t e m p t  was made  to remove 
the p rox ima l  po r t i on  of  the  cannula  and replace it wi th  a 
new cannula .  It was found  tha t  the cannu la  was still 
securely in the  esophagus,  bu t  due to the  adhes ions  which  
developed be tween  the  esophagus  and su r round ing  tissues 
r ecannu la t ion  was m u c h  more  diff icul t .  The cannu lae  were 
r emoved  f rom these animals  and  u n e v e n t f u l  recoveries  
fol lowed.  One o t h e r  an imal  was able to  remove  his cannu la  
in tac t  and suffered no  adverse effects.  The  last an imal  was 
removed  f rom the  e x p e r i m e n t  af ter  4 weeks of  daily dosing 
due to sores developing  on the  shoulder  unde r  the  harness  
shoulder  s t rap;  however ,  the  cannula  was still func t iona l .  

DISCUSSION 

This  e x p e r i m e n t a l  p rocedure  for  oral admin i s t r a t i on  has 
several advantages.  (1) Scheduled  admin i s t r a t i on  of  drugs 
can be given w i t h o u t  regard for  taste,  food c o n s u m p t i o n ,  or 
wate r  in take .  (2) Drugs can be given in solut ion.  The 
d isso lu t ion  t ime  may  be an i m p o r t a n t  cons ide ra t ion  in 
pharmacolog ica l  or p h a r m a c o k i n e t i c  s tudies  in which  the  
la tency  of  the  drug effect  is a p r ime  factor .  (3) It is possible 
to c o n n e c t  the  cannu la  to tub ing  outs ide  the  c h a m b e r  
t h rough  the  res t ra in ing arm,  which  allows dosing of the  
animals  w i t h o u t  expe r imen t e r - i nduced  stress. This  proce-  
dure  provides  a m e t h o d  for the  chron ic  oral admin i s t r a t i on  
of  subs tances  w i t h o u t  t r aumat i z ing  the an imal  repea ted ly  as 
would occur  if nasal  i n t u b a t i o n  were used. The researcher  is 
the re fore  b e t t e r  able to evaluate  the  acute  and chronic  
effects  of  drugs on  ongoing  behavior .  F u r t h e r m o r e ,  this  
p r o c e d u r e  of fers  a m e t h o d  for developing  self- 
admin i s t r a t ion  s tudies  for  drugs wi th  oral abuse  potent ia l .  

The s impl ic i ty  of the surgical p rocedure  makes  this  
t e chn ique  available for  use by  mos t  l abora to r ies  working  
with s u b - h u m a n  pr imates .  If the subjec t  manages  to remove  
this  cannu la  there  is very l i t t le  l ike l ihood of  in fec t ion  or 
debi l i ta t ing  compl i ca t ions  occurr ing.  
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