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Introduction 

During the life of this contract a number of objectives were 

accomplished: 

1. A technique was devised for quantitatively measuring re

gional blood volume in thes gut in-vivo. (1) 

2. A quantitative technique was designed to measure regional 

blood flow in the intestine. (2) 

3. The mathematical models developed can be applied to the 

measurement of regional circulation in other regions of the 

body using the concept of a definable geometry and suitable 

detectors. (2) 

A. Circulatory measurements have been made in human diseases 

of the colon and in-vivo normal values established. (3) 

The effect of radiation in the colon on regional circulation 

has been made. (3) 

A report on the effect of graded doses of radiation on the 

dog colon is enclosed and will be published. 

5. The effect of various drugs on intestinal circulation has 

been studied and published. (4) 

6. The use of solid state detectors to reach remote areas of 

the bowel and other areas has been proposed but never 

developed sufficiently because of cancellation of the 

contract. 
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7. A study of regional blood flow in the heart and regional 

and its relation to localization of calcium ion and to the 

contractility process was proposed but not developed because 

of the cancellation of the contract. 

In summary I believe that substantial progress on methodology 

was made during the course of this contract. Some progress was 

made in application of the methods to animal and human problems 

relevent to the relationship of circulation to physiological 

function and disease. I think this has been a substantial beginning 

in a field that is just now ripe for the orderly collection of in

formation in both animals and human subjects. I regret the can

cellation of the contract as it cuts off further work in this rel

atively neglected area of research. 



REPORT 

Regional Blood Flow Studies in the Gut 

The radioisotope technique we have developed for measuring re

gional blood flow in the intestinal tract is being applied to the 

study of the relationship of in-vivo colon circulation and colon 

pathology. Investigations in progress are: 

I. Animal studies 

Effects of graded doses of radiation to the dog colon on re

gional colon blood flow and function. 

Control colon blood flow and cardiac output determinations 

made in mongrel dogs. A barium enema is done to accurately 

locate the colon and then it is irradiated through two late 

ports from a cobalt source. The dogs are divided into 3 

groups receiving 600r, lOOOr, and 1200r. Repeat studies ar 

made A days post irradiation at the height of the inflamato 

response. A 3rd colon flow measurement is made 6-10 weeks 

when the inflamation has subsided and healing is presumed t 

be completed. Colon flow may increase as a result of an in 

crease in cardiac output or by a decrease in local vascular 

resistance or both. Each of the three studies therefore in 

an evaluation of the effect of water loading (500 ml 5% Dex 

and water rapidly infused intravenously to augment cardiac 

output) in order to appraise the effect of increasing cardi 

output on local colon blo'od flow assuming that local vascul 

resistance remains unchanged. In addition each study inclu 

evaluation of the effect of instilling 50 grams of glucose 
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the stomach via a gastric tube to examine possible reflex or 

humoral effects of gastric absorption on colon circulation as 

well as the effects of radiation on this parameter. 

Results 

Controls. Normal colon blood flow in anesthetized dogs averages 

1.21 ml blood/ml tissue/min (range 0.84 - 1.68). Loading with 

water increases both cardiac output and colon flow. Colon flow 

after 500 ml water load averages 1.97 ml blood/ml tissue/min 

(range 1.15-2.50). Glucose instillation in the stomach appears 

to affect cardiac output very little but does appear to lower 

colon blood flow. We have as yet no explanations for the effect 

but are planning further studies to clarify this observation. 

Post irradiation: inflamation phase. 4 days after irradiation 

sigmoidoscopy shows the colon to be acutely inflamed. There is 

a decrease in cardiac output which we believe is related to 

dehydration due to poor food and water intake after irradiation. 

Despite the decline in cardiac output there is an increase in 

colon blood flow related to the inflamatory response of the 

tissue. There is a clear dose dependent effect i.e. the higher 

the radiation dose the higher the colon flow. The increase in 

colon flow after water loading is greatly augmented probably 

because the dehydration which diminishes cardiac output is 

partially compensated. Water loading causes a sharp increase 

in cardiac output and a proportionally greater increase in regional 

colon blood flow than is observed in the pre-irradiation study. 

The effect of glucose instillation in the stomach after irradia

tion is not consistant. 
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Post irradiation: Healing phase (6-10 -weeks after irradiation). 

This has been carried out in only 4 dogs because of a distemper 

epidemic which caused a great mortality among our convalescing 

dogs. A second series has been prepared and follow up data on 

this group will be added. Among the 4 survivors there was a 

sharp decline in colon blood flow significantly below the normal 

control values. Moreover these animals have a markedly diminished 

response to intravenous water loading. Water loading increases 

cardiac output but colon blood flow nevertheless remains unre-

sponsively low. This suggests an anatomic decrease in the vas

cular bed due to post-irradiation scarring of the colon. Not 

one animal (of 18) developed diarrhea after irradiation despite 

doses of up to 2000r. We believe that the diarrhea associated 

with bowel irradiation is therefore a result of effects on the 

small intestine which we avoided by accurately localizing the 

target with a barium enema. We are now adding a series with small 

bowel irradiation to test this idea. 

II. Studies on Human Subjects 

A. The effect of bowel irradiation on colon blood flow. 

Women who receive radiation therapy for carcinoma of the cervix 

almost always suffer radiation colitis because of the proximity 

of the colon to the irradiated region. In an effort to investigate 

the effect of irradiation on local colon blood flow we studied a 

group of such patients at the University of Minnesota Hospital. 

These women routinely received a combination of cobalt ir

radiation followed by local radium implants. 
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Lelie Zieve and Alex Sloan. To date we have studied 6 patients 
with ulcerative colitis, 1 regional enteritis, 1 malabsorption 
syndrome, 1 diverticulosis, 2 peptic ulcers and 3 unclassified 
patients with diarrhea. 

One striking finding was made in the patients with ulcera
tive colitis. All but one of the patients have a markedly 
abnormal increase in colon blood as well as A-V shunts in the 
bowel. 
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7. A study of regional blood flow in the heart and regional 

and its relation to localization of calcium ion and to the 

contractility process was proposed but not developed because 

of the cancellation of the contract. 

In summary I believe that substantial progress on methodology 

was made during the course of this contract. Some progress was 

made in application of the methods to animal and human problems 

relevent to the relationship of circulation to physiological 

function and disease. I think this has been a substantial beginning 

in a field that is just now ripe for the orderly collection of in

formation in both animals and human subjects. I regret the can

cellation of the contract tlisZSt cuts off further work in this rel

atively neglected area of research. 
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Regional Blood Flow Studies in the Gut 

The radioisotope technique we have developed for measuring re

gional blood flow in the intestinal tract is being applied to the 

study of the relationship of in-vivo colon.circulation and colon 

pathology. Investigations in progress are: 

I. Animal studies 

Effects of graded doses of radiation to the dog colon on re

gional colon blood flow and function. 

Control colon blood flow and cardiac output determinations are 

made in mongrel dogs. A barium enema is done to accurately 

locate the colon and then it is irradiated through two lateral 

ports from a cobalt source. The dogs are divided into 3 

groups receiving 600r, lOOOr, and 1200r. Repeat studies are 

made 4 days post irradiation at the height of the inflamatory 

response. A 3rd colon flow measurement is made 6-10 weeks later 

when the inflamation has subsided and healing is presumed to 

be completed. Colon flow may increase as a result of an in

crease in cardiac output or by a decrease in local vascular 

resistance or both. Each of the three studies therefore includes 

an evaluation of the effect of water loading (500 ml 5% Dextrose 

and water rapidly infused intravenously to augment cardiac 

output) in order to appraise the effect of increasing cardiac 

output on local colon blo'od flow assuming that local vascular 

resistance remains unchanged. In addition each study includes an 

evaluation of the effect of instilling 50 grams of glucose into 
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the stomach via a gastric tube to examine possible reflex or 

humoral effects of gastric absorption on colon circulation as 

well as the effects of radiation on this parameter. 

Results 

Controls. Normal colon blood flow in anesthetized dogs averages 

1.21 ml blood/ml tissue/min (range 0.84 - 1.68). Loading with 

water increases both cardiac output and colon flow. Colon flow 

after 500 ml water load averages 1.97 ml blood/ml tissue/min 

(range 1.15-2.50). Glucose instillation in the stomach appears 

to affect cardiac output very little but does appear to lower 

colon blood flow. We have as yet no explanations for the effect 

but are planning further studies to clarify this observation. 

Post irradiation: inflamation phase. 4 days after irradiation 

sigmoidoscopy shows the colon to be acutely inflamed. There is 

a decrease in cardiac output which we believe is related to 

dehydration due to poor food and water intake after irradiation. 

Despite the decline in cardiac output there is an increase in 

colon blood flow related to the inflamatory response of the 

tissue. There is a clear dose dependent effect i.e. the higher 

the radiation dose the higher the colon flow. The increase in 

colon flow after water loading is greatly augmented probably 

because the dehydration which diminishes cardiac output is 

partially compensated. Water loading causes a sharp increase 

in cardiac output and a proportionally greater increase in regional 

colon blood flow than is observed in the pre-irradiation study. 

The effect of glucose instillation in the stomach after irradia

tion is not consistant. 
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Post irradiation: Healing phase (6-10 weeks after irradiation). 

This has been carried out.in only 4 dogs because of a distemper 

epidemic which caused a great mortality among our convalescing 

dogs. A second series has been prepared and follow up data on 

this group will be added. Among the 4 survivors there was a 

sharp decline in colon blood flow significantly below the normal 

control values. Moreover these animals have a markedly diminished 

response to intravenous water loading. Water loading increases 

cardiac output but colon blood flow nevertheless remains unre-

sponsively low. This suggests an anatomic decrease in the vas

cular bed due to post-irradiation scarring of the colon. Not 

one animal (of 18) developed diarrhea after irradiation despite 

doses of up to 2000r. We believe that the diarrhea associated 

with bowel irradiation is therefore a result of effects on the 

small intestine which we avoided by accurately localizing the 

target with a barium enema. We are now adding a series with small 

bowel irradiation to test this idea. 

II. Studies on Human Subjects 

A. The effect of bowel irradiation on colon blood flow. 

Women who receive radiation therapy for carcinoma of the cervix 

almost always suffer radiation colitis because of the proximity 

of the colon to the irradiated region. In an effort to investigate 

the effect of irradiation on local colon blood flow we studied a 

group of such patients at the University of Minnesota Hospital. 

These women routinely received a combination of cobalt ir

radiation followed by local radium implants. 
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Control cardiac output and colon blood flow determinations 

are made before the patients are irradiated. The studies are 

repeated immediately after the radium is removed 2-3 weeks later 

when the colitis is at its height and then again 6 weeks to 3 

months later when healing is presumed to be complete. Colon 

blood flow may be altered by a change in local vascular resistance 

or both. Each of the 3 studies therefore includes an evaluation 

of the effect of water loading (to increase cardiac output (500 

ml 5% dextrose in water rapidly infused intravenously) in order 

to appraise the effect of increasing cardiac output on local 

colon blood flow. It is assumed that local vascular resistance 

remains unchanged. Eighteen patients have been studied but a 

complete series has only been made on six patients. In these 

patients colon blood flow has followed a pattern similar to that 

described in the dogs. Four of the six patients had an increase 

in flow after irradiation, while in 2 patients colon blood flow 

declined. The 6-10 weeks follow up was consistant in that there 

was a significant decline below the control level in every patient, 

The water loading data was was similar to the effects found in the 

dogs, namely that after healing had taken place, colon blood 

flow no longer increased in response to water loading. We 

wish to add additional patients before these data are published. 

B. Studies of human colon disease. 

We are engaged in studying the effects of a number of intestinal 

diseases upon colon circulation. These studies are being carried 

out in the University of Minnesota Hospital and in ^the Veterans 

Administration Hospital in Minneapolis in collaboration with Drs. 
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Lelie Zieve and Alex Sloan. To date we have studied 6 patients 

with ulcerative colitis, 1 regional enteritis, 1 malabsorption 

syndrome, 1 diverticulosis, 2 peptic ulcers and 3 unclassified 

patients with diarrhea. 

One striking finding was made in the patients with ulcera

tive colitis. All but one of the patients have a markedly 

abnormal increase in colon blood as well as A-V shunts in the 

bowel. 
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