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FOREWORD

One method of increasing the caloric density of field rations and reducing
the logistical burden of the individual is to raise the fat content, Since
splanchnic blood flow increases after eating a meal and fatty foods remain in the
stomach and intestines longer than low-fat foods, the question was rdised about
the effects of a possible prolonged high splanchnic flowrate on flow to the working
muscles, This study was designed to detect possible detrimental effects of a high-
fat diet on peripheral circulation and ultimately, on the performance of the
individual,

In conducting the research described in this report, the investigators adhered
to the "Guide for Laboratory Animal Facilities and Care" as promulgated by the
Committee on the Guide for Laboratory Animal Resources, National Academy of Sciences-
National Research Council.

This work was conducted under project IJO-61102-A7IC, Food Research.
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ABsrRACT 

To establish the effects of dietary fat on splanchnic and peripheral blood 
flow patterns, electromagnetic blood flow probes were chronically implanted on 
the coeliac and cranial mesenteric arteries and the abdominal aorta of four male 
beagle dogs. The dogs were fed meals of three sizes containing three concentra­
tions of fat. Blood flowrate in the three vessels was monitored, both at rest 
and running on a treadmill at moderate exercise. The combined flow of the coeliac 
and mesenteric arteries increased to a peak flow after eating. The velocity and 
time of peak flow were not affected by meal size or fat content, although the time 
of peak flow was slightly delayed by exercise. The average splanchnic flow was 
unchanged by meal size, fat content, or exercise. Average abdominal aortic flow 
was unchanged by meal size or fat content, and was consistently increased by 
exercise regardless of diet regime. 
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INTRODUCT IQN

The military is continually interested in increasing the caloric density of
field rations, thereby reducing the logisticai burden of the individual. This
can be accomplished by redu:ing the carbohydrate and protein fractions of the diet
vhile increasing the perc.entage of fats or other energy..dense compounds.

There are, however, problem:a associated with high-fat diets which have raised
questions as to their feaslbility for combat use. Fatty foods are released more
slotwly from the stomach than lav.-fat foods due to the action of enterogastrone and
the enterogastric reflex on gastric secretion and motility (1, 2)° It is generally
agreed that splanchnic blood circulation is increased by 30% or more after the
ingestion of a meal 13. 4), Some vorkers report that the increase is a result of
the diversior of flow; from other organs to the splanchnic bed (5), while others
believe it to be a result of arn increased cardiac output with all organs receiving
a proportionate s-are of flow (4 6" o :f splnchnic flow rises at the expense of
flow to the maj)r w:orking muscle masses, a prolonged increase during the post-
prandial state may impair the performance of an individual when under stress, as
in combat.

The purpose of this study is t. determine to what extent dietary fat level
affects postprandial blood flow at rest and during exercise, and at varying volumes
of fat const-med per meal.

METHODS

Three semi-purified diets containing 2., 30, and 70% fat were prepared (Table
1)0 The only variables were fats (lard and corn oil' and carbohydrates (sucrose,
dextrose, and dextrin). Four male beagle dogs weighing between 11 and 14 Kg0 were
trained to consume 50 l00, and 200 gram meals of the prepared diets within 5
minutes, The dogs were also trained to run on a treadmill and -;ere kept on the
treadmill during all the trials.

After sufficient trairingo slot-,key electro'-magnetic blood flow probes (Q
series, Statham Medical instruments, Los Angeles, Calif.) were implanted on the
coeliac and cranial me, enteric arteries at their aortic origin and a hinge-type
probe (K series, Statham) was implanted on th-, abdominal aorta irmmediately caudal
to the left renal artery. The caudal raesenteric artery has no direct digestive
function and uas considered negligible for this study0 The phase, balance, and
meter polarity of the precalibrated probes were determined in vitro prior to
implantation Rccording to the procedure c trined in the Statham manual (7)o A
left paracostal inc.ston 2 cam, behind the last rib was utilized for the implanta-
tion. Probes of this rype have a separare ground wire, the end of which was



sutured to the abdominal wall about 2 cm. from the probe heads. The probe readings
were then zeroed on the sine-wave flowmeter (Multiflow Model M-4000 Modular

Electro-magnetic Flowmeter, Statham) by temporary occlusion of the vessels at the
time of implantation, The wires were then brought out of the abdomen at the most

dorsal aspect of the incision and extended subcutaneously to a point on the dorsal
midline 2 cm. behind the caudal borders of the scapulae. At that point, the wires
and connector plugs were exteriorized through the lumen of a teflon-coated hub and
washer apparatus (Cardiovascular Instrument Corp., Wakefield, Mass.) which was
sutured into the skin incision to minimize continued irritation of the site.

After approximately a 10-day recovery period, the subjects were placed on the
schedule found in table 2. Blood flow yelocity was recorded on a polygraph (Model
7, Grass Medical Instrument Co., Quincy, Mass.) calibrated to the flowmeter with a
M-4000 Calibrator (Statham). The polygraph baseline and sensitivity were checked
daily and only one trial was conducted per day. Before the feeding trial began,
the flow was recorded for 15 minutes0 The dogs were then fed and flow was recorded
continuously during feeding and 1 hour afterward. Five-minute recordings were made
at 15-minute intervals during, the next 2 hours, and at 30-minute intervals during
the following 3 hours, for a total of 2 hours and 10 minutes actual recorded flow
over the 6-hour period.

The dogs were kept on the treadmill at a room temperature of 25*C. for both

running and resting regimes. When running, the treadmill was set level at a
speed of three mph., and during each 6-hour period the dogs ran the equivalent of
10.5 miles. Water was available ad libitum on both running and resting days.

Controls were run on the same 6-hour schedule with the exception that no food

was given until after all recordings were made for the day. Both running and
resting controls were taken before, after, and in the middle of the series in
order to establish a control flow value for the non-digestive state. From these
controls, changes in flow velocity due tc treatment effect were calculated. The
combined flow of the coeliac and cranial mesenteric arteries represent the
splanchnic circulation and the flow in the abdominal aorta at the point monitored
gives an indication of the flow available to major working muscle masses.

RESULTS

The outstanding feature of the data was the variation in flow velocity, both
among the dogs and within each dog. Flow in the vessels studied varied continually
throughout each 6-hour trial, seldom maintaining a constant rate for more than a
few minutes, It was observed that aortic flow would increase or decrease almost
instantaneously from environmental stimuli such as sights and sounds which attracted
attention and all effort was made to minimize these stimuli.
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Average values for each of the three vessels during each regimen were calculated
and compared to the average fasting, or control values. Analysis of variance and
subsequent multiple linear regression tests applied to the data indicated no signi-
ficant changes in flow due to either fat concentration or amount fed per meal.
Postprandial splanchnic flow increased during each feeding trial to a peak velocity
occurring from a minimum of one-half hour to a maximum of three hours post-ingestion.
Neither the time nor velocity of peak splanchnic flow could- be attributed to either
the fat content or the size of the meal involved.

Treadmill running did influence flow values obtained regardless of size or
composition of the mealo Aortic flow in the fasting9 or control state was
increased during treadmill exercise by an average of 112.3% or 389 cc/min. over
the 341 cc/min average at rest. A similar relative increase in aortic flow
occurred during each of the running trials regardless of meal size or composition.
The combined coeliac and craniai mesenteric flow was reduced during the running,
non-digestive state by an average of 13.5% or 37 cc/min from the 274 cc/min.
resting average. There was no significant decrease im'splanchnic flow during the
feeding trials due to exercise, There was no change in peak postprandial splanch-
nic velocity due to exercise, although the time of peak velocity was delayed
slightly, Peak flow occurred at an average of 1.24 hou_'s after feeding during
resting trials and a 1i:53 hours average after feeding during treadmill running, an
average delay of O29 hours or 17 minutes.

CONCLUSIONS

Results indicate that the combined postprandial flow of the coeliac and
cranial mesenteric arteries reaches a peak one and one-quarter to one and one-half
hours after feeding, and the time of that peak flow is not affected significantly
by the fat content or size of the meal eaten. Fasting splanchnic flow during
exercise increased 59% to reach the same postprandial peak velocity attained by a
36.5% increase from fasting splanchnic flow at rest, This would se'em to indicate
that there is a certain splanchnic flowrate required for the processes of digestion,
absorption, and motility, and that flowrate is not significantly altered by either
moderate exercise or by changes in the fat content or size of the meal eaten.

Since postprandial aortic flow was unchanged from fasting aortic flow both at
rest and rutining, the increased demand for splanchnic circulation in the postprandial
state is met by some compensation other than a reduction in abdominal aortic
flowrateo

3



TABLE I

Percentage composition of diets

Ingredients 2% Fat 30% Fat 70% Fat

Casc-n 22.0 22.0 22.0

Glucose 22.2 12.9 --

Sucrose 22.2 12.9 --

Dextrin 22.2 12.8 --

Lard -- 22.5 51.45

Corn Oil 2.0 7.5 17.15

Salt Mix 4.0 4.0 4.0

Vitamin Mix 1.0 1.0 1.0

Chioline 0.4 0.4 0.4

Cellulose 4.0 4.0 4.0

Flavoring* 5 ml/lO00 grams mixed in all diets before feeding

* "Kitchen Bouquet", Grocery Store Products Co., West Chester, Pa.
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TABLE II

Daily schedule

ist Wko 2nd Wk. 3rd Wk. 4th Wk.

Mon. T control T-50-30 T control T-200-30

Tues. R control R-200-30 R-100-2 R-100-70

Wed. T-100-2 T-100-70 T-50-2 T-50-70

Thurs. R-50-2 R-50-70 R-200-2 R-200-70

Fri, T-200-2 T-200-70 T-100-30 T control

Sat. R-100-30 R control R-50-30 R control

LEGEND: R = resting
T = running on treadmill

Amount fed in grams = 50, 100, and 200

Percentage of fat in diet =-2, 30, and 70

5



LITERATURE CITED

1. Cannon, W. B. The passage of different foodstuffs from the stomach and
through the small intestine. Am. J. Physiology, 12: 387 (1904).

2. Quigley, J. P., Zettleman, H. J. and Ivy, A. C. Analysis of factors involved
in gastric motor inhibition by fats. Am. J. Physiology, 1084 643 (1934).

3. Altman, P. L., and Dittmer, D. S. Biological Handbooks - Blood and Other
Body Fluids. Federation for American Society for Experimental Biology, pp 492
(1961).

4. Reininger, E. J. and Sapirstein, L. A. Effect of digestion on distribution
of blood flow in the rat. Science 126: 1176 (1957).

5. Wilson, To H. Intestinal Absorption. Saunders, Philadelphia#

6. Hamilton, W. F., and Dow, P. Circulation - Sec. 2, Vol. IIP Handbook of
Physiology. American Physiological Society. Waverly, Baltimore. pp 1452-
1453 (1963).

7. Instruction Manual, Multiflo Model M-4000 Modular Electromagnetic Research
and Clinical Blood Flow, Blood Pressure, and Temperature Meter. Statham
Instruments, Inc. Los Angeles, California.

6



)r

FOOD LABORATORY DISTRIBUTION LIST - NUTRITION

~Cop ies Copies

1 - Commanding General 1 - Commanding Officer
US Army Medical Research and US Amny Medical Nutrition
Development Command Laboratory

ATTN: MEDDH-SI Fitzsimons General Hospital
Washington, D. C. 20315 Denver, Colorado 80240

2 - Commanding General 1 Commander
US Army Test and Evaluation Defense Personnel Support Center
Command ATTN: Directorate of Subsistence,

ATTN: AMSTE-BC DPSC-STS
Aberdeen Proving Ground, 2800 South 20th Street
Maryland 21005 Philadelphia, Pennsylvania 19101

1 - Commanding General 1 - Commandant of the Marine Corps
US Army Combat Development Code A04D
Command Washington, D. C. 20380

Combat Service Support Group
Fort Lee, Virginia 23801 1 - Commandant of the Marine Corps

Code CDE
1 - Corm-manding General Washington, D. C. 20380

US Army Combat Development
Command 2 - Director

ATTN: CDCMR-O Development Center
Fort Belvoir, Virginia 22060 Marine Corps Development and

Education Command
I - Commanding General ATTN: Combat Service Support

US Army Materiel Command Division
ATTN: AbICRD-JI Quantico, Virginia 22134
Department of the Army
Washington, D. C. 20315 1 - Director

Division of Biology and Medicine
2 - Commanding Officer US Atomic Energy Commission

Edgewood Arsenal Washington, D. C. 20545
ATTN: SM1jEA-TSTI-TL
Edgewood Arsenal, Maryland 21010 1 • Director

US Army Advanced Materiel Concepts
I Commanding Officer Agency

US Army Combat Development Command Washington, D. C. 20315
Supply Agency
ATTN: CDCSA..R
Fort Lee, Virginia 23801



UNCLASSIFIED
Security Clessificaton

DOCUMENT CONTROL DATA- R & D
(Security classlication of title. bcdy of abstract and indexing annotation must be entered when the oerall report Is classified)

I. ORIGINATING ACTIVITY (Corportte author) 20. REPORT SECURITY CLASSIFICATION

U. S. Army Natick Laboratories UNCLSSIFIED
Naticks Massachusetts 01760 2b. GROUP

3. REPORT TITLE

The Effect of Dietary Fat Level on Postprandial Gastrointestinal Blood Flow Patterns

4. DESCRIPTIVE NOTES (71ype of report and Inclusive dates)

S. AUTHOR(S) (First name, middle Initial, last name)

Joe L. Mauderly and Jerry A. Lawrence

S. REPORT DATE 7s. TOTAL NO. OF PAGES 17b. NO. OF RFS

August 1969 6 7
S. CONTRACT OR GRANT NO. ".-ORIGINATOR'S REPORT NUMBERS)

b. PROJECT NO. 1JO 61102 A7iC 70-9-FL

C. 9b. OTHER REPORT NO(S) (Any other numIbers Muat may be assigned
this report)

CFL-95

S0. DISTRIBUTION STATEMENT

-This 'document has been approved for public release and sale; its distribution is

unlimited.

I. SUPPLEMENTARY NOTES I12. SPONSORING MILITARY ACTIVITY

U. S. Army Natick Laboratories
_Natick, Mazsacftu.etts 01760

1. ABSTRACT

!o establish the effects of dietary fat on splanchnic and peripheral blood flow
patterns, electromagnetic blood flow probes were chronically implanted on the coeliac

and cranial mesenteric arleries and the abdominal aorta of four male beagle dogs. The

dogs were fed meals of three sizes containing three concentrations of fat. Blood

flowrate in the three vessels was monitored, both at rest and running on a treadmill

at moderate exercise. The combined flow of the coeliac and mesenteric arteries

increased to a peak flow after eating. The velocity and time of peak flow were not

affected by meal size or fat content, although the time of peak flow was slightly

delayed by exercise. The average splanchnic flow was unchanged by meal size, fat con-

tent, oi exercise. Average abdominal aortic flow was unchanged by meal size or fat

content, and was consistently increased by exercise regardless of diet regime.

DD ,oM 14 REPLACE$ D FORM 147,. I JAN 64. WHICH ISDDINov *S. 47j3 OOLKTE FOR ARMY USE. UNCLASSIFIED
Scrity CISS2IIIcUon



UNCLASSIFIED
Sacutity Classification

14. LINK A _LINK 0 INOK -C
KEY WORDS

ROLE WY ItOLI' -WT ROLIE WT

Fats 6

Volume 6

Meals 6,9

Diet :, 9

Gastrointestinal system 0

Blood flow 7

£Military feeding 10

UNCLASSIFIED
Security Classification


