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The Distribution of Blood Flow Along the Small Intestine of The Dog (40060) 
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The presence of a blood-flow gradient 
along the small intestine is disputed. Geber 
(I), using electromagnetic flowmeters in dogs, 
and Steiner and Mueller (2) using the indi- 
cator fractionation technique in rats demon- 
strated that blood flow per unit weight was 
highest in the duodenum and then decreased 
progressively along the jejunum, ileum, and 
colon. On the other hand, Grim and Lindseth 
(3) using direct collection of venous outflow 
isolated loops of intestine in the dog, and 
Delaney and Custer (4) using the indicator 
fractionation technique in dogs did not ob- 
serve a blood flow gradient. The negative 
view has also been supported by a more 
recent study of Goodhead ( 5 )  using the indi- 
cator fractionation technique in the dog. 

This paper presents evidence that a blood 
flow gradient does exist in the small intestine 
of the dog when it is studied under basal 
conditions of anesthesia. 

Materials and methods. Eighteen mongrel 
dogs weighting 15-30 kg were given water 
but no food for 24 hr in the preparation 
period. General anesthesia was then induced 
and maintained with intravenous pentobar- 
bitone sodium (30 mg/kg). Blood pressure 
and heart rate were monitored from a femoral 
artery catheter and body temperature was 
kept at 37.5". Care was taken to perform all 
blood flow measurements when these func- 
tions were stable. 

Intestinal blood flow was measured by the 
indicator-fractionation technique with 42K 
(15 pCi/kg) as the indicator. The 42K was 
injected into the inferior vena cava and tissue 
42K content 100 sec after the injection was 
used for all blood flow calculations (5-8). 
The cardiac output was measured by the 
conventional dye dilution technique (9) im- 
mediately prior to the injection of the *%. 
Cardiac arrest was produced by a rapid injec- 
tion of saturated magnesium sulphate into 
the inferior vena cava and this enabled re- 
moval of 3-5 cm sleeves of intestine for 42K 
assay from the third part of the duodenum, 

the jejunum (10 cm distal to the ligament of 
Trietz), and the distal ileum (30 cm proximal 
to the ileo-caecal valve). Additional 3-5 cm 
sleeves of intestine were also taken from the 
jejuno-ileum in eight of these dogs. The mes- 
entery and excess fat were removed, the in- 
testine tissue weighed and then 42K was mea- 
sured in a Baird atomic y-well counter. 

All animals were studied under anesthesia 
with no attempt to vary the intestinal blood 
flow. Seven dogs were studied without prior 
laparotomy but eleven dogs had a midline 
laparotomy to enable identification of intes- 
tinal regions before the blood flow measure- 
ments were made. In these dogs, the midline 
incision was held closed by metal clips to 
permit rapid removal of intestinal tissue fol- 
lowing cardiac arrest. 

Results. Table I shows the blood flow per 
100 g tissue in the intestine of the 18 dogs 
studied. On a two-way analysis of variance 
there was a significant difference of blood 
flow in the duodenal, jejunal and distal ileal 
sites (P < O.Ol),  and on Scheffe multiple 
comparison tests the mean blood flow in the 
distal ileum was significantly lower than in 
the duodenal site (P < 0.05) or jejunal site 
(P < 0.05). There was no significant differ- 
ence of blood flow between the duodenal and 
jejunal sites. In the 8 studies in which jejuno- 
ileal blood flow was also measured, the mean 
blood flow in the distal ileum was signifi- 
cantly lower than in the jejuno-ileal site (P 
< 0.01). Blood flow in the jejuno-ileal site 
was lower than in either the duodenal or 
jejunal sites but this difference was not sig- 
nificant (P > 0.05). 

In the 18 studies the mean intestinal blood 
flow to all sites was significantly higher (P 
< 0.05) in those with cardiac output > 10 
ml/min per 100 g. This is reflected by a 
generally higher blood flow to specific intes- 
tinal regions in the seven dogs without lapa- 
rotomy since the cardiac output was some- 
what higher in these animals (14.1 ml/min 
per 100 g, s.d. 3.2 ml) than in the 11 with 
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TABLE I. INTESTINAL BLOOD FLOW MEASURED BY THE INDICATOR FRACTIONATION TECHNIQUE IN 

ANESTHETIZED DOGS (ml/min per 100 g INTESTINAL TISSUE). 

Cardiac output 
(ml/min per 100 

Dog No. g body wt) Duodenum Jejunum Jejuno-ileum Distal-ileum 
No laparotomy prior 42K injection 

1 11.0 58 59 30 
2 9.6 60 59 42 
3 14.3 68 72 47 
4 13.5 71 70 48 
5" 18.8 78 80 175 
6 16.6 92 92 64 
7 15.0 99 93 47 

Dogs 1-7 Mean (s.d.) 14.1 (3.2) 75 (16) 75 (14) 65 (49) 
Dog 5" excluded 

Mean (s.d.) 13.3 (2.6) 75 (17) 74 (15) 46 (11) 

8 7.1 36 36 25 21 
9 7.6 39 35 33 31 

10 9.2 41 43 44 37 
I 1  7.5 46 48 32 
12 6.5 47 45 44 35 
13 8 .O 53 61 57 34 
14 6.6 56 50 45 38 
15 11.8 56 73 38 
16 10.7 64 75 57 42 
17 11.8 78 76 71 42 
18 15.0 103 110 52 

Laparotomy prior to 42K injection 

Dogs 8-18 Mean (s.d.) 9.3 (2.7) 56 (20) 59 (23) 47 (14) 37 (8) 
a Ileal sample heavily bile stained (see text). 

laparotomy (9.3 ml/min per 100 g, s.d. 2.7 

In these studies only one animal (Dog 5) 
had a large amount of bile in the distal ileum, 
and this was the only animal in which blood 
flow in the distal ileum was greater than in 
either the duodenal or jejunal sites. If this 
animal was excluded from analysis, then the 
difference between blood flow in the distal 
ileal site and the duodenal or jejunal sites was 
even more significant ( P  < 0.00 1). 

Discussion. The experiments show that 
when intestinal blood flow is measured under 
basal conditions in the dog there is a defrnite 
gradient of blood flow down the intestine. 
Flow is highest in the duodenum and je- 
junum, and diminishes progressively in the 
jejuno-ileum and distal ileum. In the distal 
ileum the mean flow is only 65% of that in 
the duodenum or jejunum. This gradient was 
observed whether or not the abdomen had 
been opened prior to the measurement. In 
one dog the blood flow gradient was reversed, 
the distal ileum having more than twice the 
blood flow (per unit weight) of the duodenum 
and jejunum. In this study, bile was observed 

n-4- 
in the lumen of the distal ileum, and since 
bile salts are absorbed in this region by a 
highly specific, energy dependent, active 
transport mechanism (10) it is possible to 
speculate that bile salts may stimulate blood 
flow in this region. 

In the seven studies in which laparotomy 
was not performed, the duodenal and jejunal 
blood flow averaged 75 ml (s.d. 14) per min 
for 100 g tissue. This is very similar to the 
figure of 72 ml/min reported by Delaney (1 1) 
in dogs and the 68 ml/min noted by Ross 
(12) in cats. In the 11 basal studies in which 
laparotomy had been performed, the duo- 
denal and jejunal blood flows averaged 58 ml 
(s.d. 21) per min for 100 g tissue. This reduc- 
tion in intestinal blood flow is of the same 
magnitude as the reduction in gastric blood 
flow noted by Delaney and Grim (13) as an 
effect of laparotomy. The blood flow figure 
of 58 ml/min per 100 g when the abdomen 
had been opened is very similar to the figure 
of 60 ml/min per 100 g noted by Grim (14) 
using a direct bleed-out technique in isolated 
loops of intestine in the dog. 

In previous studies several authors (3-5) 
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have not observed a blood flow gradient 
down the intestine when measurements were 
made under basal conditions. However, these 
papers are a little misleading, since Good- 
head ( 5 )  did observe differences but was not 
able to demonstrate statistical significance 
because his measurements showed a s.d. of 
50%. In the paper by Delaney and Custer (4) 
the blood flow was measured in only two 
sites, the duodenum and the rest of the small 
intestine as a whole; in these sites the blood 
flow figures of 70 ml and 72 ml/min per 100 
g tissue were not significantly different. Since 
blood flow in the jejunum, jejuno-ileum and 
distal ileum was not measured separately, the 
differences which we report might well have 
been obscured. Finally, the study of Grim 
and Lindseth (3) measured jejunal and ileal 
blood flow by direct collection of venous 
outflow from isolated loops of intestine. The 
operative manipulations involved in prepar- 
ing an isolated loop, and in particular the 
cannulation of blood vessels may have mod- 
ified blood flow and thus prevented differ- 
ences from being observed. 

Whatever the problems may have been in 
these earlier studies, the data presented in 
this current paper clearly support the obser- 
vation of Geber (1) and Steiner and Mueller 
(2) that under basal conditions there is a 
blood flow gradient down the intestine, with 
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blood flow (per unit weight) highest in the 
duodenum and lowest in the distal ileum. 
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