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FOREWORD
(Nontechnical summary)

The terminal phase of the gastrointestinal radiation syndrome ends in the col-
lapse of the blood circulation. This clinical picture resembles in many aspects shock
induced by injury, hemorrhage, dehydration, etc. The initiating and maintaining dete-
riorating factor due to ionizing radiation injury (at the dose level of 1500 rads whole-
body gamma-neutron radiation used in this study) is unquestionably the structural
breakdown of the small intestine. However, there is a lack of understanding about
those factors which modify and eventually cause irreversible clinical deterioration.
One of these suspected factors might be the disproportionately increased constriction
of blood vessels to the small intestine with a subsequent persistent low intestinal blood
flow state. Indeed, prolonged low intestinal blood flow itself can cause shock and
lethality.

In this study, the intestinal vasoactivity of blood vessel function and structure
during the postirradiation period was investigated. The resistance vessels of the dog
small intestine were challenged by sudden and gradual changes in blood pressure.
There were indications that during the development of the gastrointestinal radiation
syndrome the functional capacity of the intestinal blood vessels is altered. It seems
Justified to say that this altered integrity of the intestinal vasomotion could be the key

factor inducing cardiovascular collapse
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ABSTRACT

The functional vascular integrity of the small intestine in relationship to its
morphological alterations during the postirradiation period was examined. Dogs were
exposed to 1500 rads (midline tissue dosé) of mixed gamma-neutron radiation. Hemo-
dynamic parameters of an in situ intestinal loop were measured in response to the
systemic administration of norepinephrine, isoproterenol and gradual bleeding and re-
infusion. The results indicate that 48 hours postirradiation when the capillaries are
virtually intact and the systemic hemodynamic parameters are not altered yet, the func-
tional integrity of the intestinal vasculature is already significantly deteriorated. The
intestinal resistance vessels of the irradiated animals did not exert "autoregulatory
escape'’ as the controls did. After 72 hours the vasocompensation to the sudden blood
pressure changes was also markedly changed. The fluctuation of the intestinal resist-
ance values during the bleeding and reinfusion periods demonstrated neurohumoral
imbalance in the postirradiation period. On the basis of these results it is postulated
that the terminal cardiovascular collapse in irradiated animals might be due to the

development of intestinal ischemic shock.
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I[. INTRODUCTION
One of the hemodynamic features in the terminal phase of the gastrointestinal

radiation syndrome is the impairment of the small intestinal blood flow.?> 10

This
alteration is due to the disproportionately increased intestinal vasoconstriction com-
monly observed in states of hemodynamic deterioration leading to ischemia. The
significance of this observation is enhanced by the fact that development of small
intestinal ischemia has been connected with the irreversibility of different types of
shock.1 7,19 Although in the early part of the postirradiation period apparently the
systemic hemodynamic homeostasis is still maintained,1 nevertheless some factors
which might participate in the intestinal blood vessels' tone are already altered.

There is a general agreement that the radiation-induced loss of the epithelial
layer of the small intestine is responsible for the initiation and continuation8 » 14 of the
deteriorating sequence through impaired absorption, dehydration, electrolyte imbal-
ance, etc. However, considerable controversy exists about the contribution of the
altered intestinal vasomotion which induces the cardiovascular collapse and eventually
leads to the terminal phase of the radiation injury.

In order to measure the intestinal vasoactivity and the functional capacity of the
small intestinal circulation during the development of the gastrointestinal syndrome,
an in situ dog intestinal loop preparation was chosen as the experimental model.
First, the small intestinal resistance vessels were challenged by alpha and beta adre-
nergic agents in an attempt to alter immediately the intestinal pressure-flow relation-

ship. Then, the intestinal blood vessels were exposed to gradual hemodynamic

alterations by applying controlled blood withdrawal and reinfusion.



II. MATERIALS AND METHODS

Eighteen male beagles, 12 - 14 months old and weighing 9.5-11.5 kg were used
in this study. The animals were divided into three groups: irradiated, with 48- and
72-hour postirradiation periods, and nonirradiated controls. Food was withheld from
the dogs overnight before irradiation. Water was available ad libitum. At approxi-
mately 1 hour before irradiation the animals were placed in Lucite restraining cages
and transferred to the exposure room of the AFRRI-TRIGA reactor where they
received 1500 rads midline tissue dose of pulsed mixed gamma-neutron radiation.
The AFRRI-TRIGA reactor and the exposure room have been described previously .2
The methods as delineated by Pitchford and Thorp16 were used for dosimetry. The
irradiated animals were subjected to the experimental procedures described below at
48 and 72 hours postirradiation. All animals were free to consume food and water ad
libitum before the experimental procedure.

Anesthesia was induced by intravenous administration of 30 mg/ kg sodium pento-
barbital (Nembutal). After insertion of a tracheal tube, the abdomen was opened at
the midline. Figure 1 shows the experimental setup. A section of the jejunal part of
the intestine, usually weighing about 12 -15 grams, was chosen for the experiment.
The mesenteric vein draining the intestinal segment was cannulated with a heparinized
polyethylene tubing (Clay-Adams PE-320i.d. 0.106", o.d. 0.138") and the venous
outflow was registered by an electronic drop counter. The venous blood was collected
in a beaker and its volume was controlled by an electronic leveler which turned on a
peristaltic pump (Harvard Apparatus 1215) to return the blood to the animal via the

right femoral vein when the preset volume of 15 ml was reached. The beaker originally



contained 15 ml of heparinized saline solution in a total dose of 5000 units. The venous
outflow pressure was set continuously at zero. The wide cannula inserted into the
mesenteric vein was always introduced far enough distally so that it was well inside
the sealed opening thereby avoiding collapse of the vein by undue lateral pressure.

A small mesenteric arterial side branch near the intestine was catheterized by a hep-
arinized cannula (polyethylene tubing, Clay-Adams PE-50 i.d. 0.023", o.d. 0.038")
and the arterial inflow pressure to the intestine was measured by a Statham pressure
transducer (Model No. P23Db). During the surgical procedures great care was taken

to leave the vessels and the nerves intact.
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Figure 1. Experimental setup




Drying and cooling of the exposed parts of the intestine were avoided by covering
them with a wet gauze and a plastic sheet which also allowed visual observation. The
temperature was kept at 38°C with the aid of an infrared lamp connected through an
automatic thermoregulator to a temperature sensor. The temperature of the animal
was also maintained constant at 37.5°C with a heating pad.

The experimental procedures began 1 hour after anesthesia or about 30 minutes
(base-line period) after completion of the surgical procedure. The following parame-
ters were obtained (or calculated) and continuously recorded by an electronic recording
system (Brush Instruments Division, Cleveland, Ohio): (1) intestinal mean arterial
pressure (calculated from the diastolic blood pressure + 1/3 pulse pressure); (2) blood
flow (venous outflow of the intestinal segment calculated as milliliters per minute per
100 g of intestine after excising and weighing the intestinal loop at the termination of
the experiment; the mesenteric tissue was trimmed from the intestinal segments
before weighing them); (3) intestinal resistance (expressed in peripheral resistance
units as the ratio of the mean arterial pressure in millimeters of mercu-ry and the
blood flow in milliliters per minute per 100 g of intestine); and (4) heart rate. Histo-
logical sections of the jejunum were stained with hematoxylin-eosin. For capillary
preparations, the Microfil technique (Canton Bio-Medical Products, Swarthmore,
Pennsylvania) was used.

The experimental protocol consisted of the following procedures. To cause vaso-
constriction an alpha adrenergic agent, norepinephrine (5 ug/kg), was injected intrave-
nously and its direct and indirect hemodynamic effects on the intestinal segment were

registered and calculated. After 10 minutes, maximal intestinal vasodilation was



induced by intravenous administration of 5 mg/kg of isoproterenol hydrochloride as a
beta adrenergic agent and the intestinal hemodynamic responses were monitored again
for a 10-minute period. Both drugs were obtained from Winthrop Laboratories,

New York, N. Y.

In the second part of the experiment, the animals were bled at the rate of
40 m1/min until 200 ml of total volume (about 25 percent of the total blood volume)
were removed. When this was achieved, the blood was reinfused immediately at the
same flow rate. The rate of bleeding and reinfusion was controlled by a Harvard
peristaltic pump connected to the femoral vein. While the animals were bled or rein-
fused the aforementioned hemodynamic parameters were recorded.

Statistical analysis of the data obtained in this study was performed utilizing a
Scientific Data Systems 920 digital computer. This computer was programmed to
calculate means, standard deviations and correlation coefficients by the least squares
method and to perform a paired t-test analysis.

III. RESULTS

In the first part of the experiment the hemodynamic alterations of an in situ
jejunal loop after single intravenous injections of the alpha and beta adrenergic agents
were recorded. In Figure 2, the postinjection time sequence in 1-minute intervals
for the mesenteric arterial pressure, the intestinal blood flow (venous outflow from
the jejunal loop), intestinal res istancé, and the heart rate changes are plotted.

There were no significant differences in the mean arterial pressure of irradiated
and nonirradiated animals either initially or postinjection (Figure 2A). The initial

venous outflows of the intact and 48-hour postirradiation intestinal loops were still in




the same range, however the blood flow values at 72 hours postirradiation decreased
significantly (Figure 2B). After norepinephrine injection the sudden systemic blood
pressure change resulted in a transient increased intestinal blood flow in all groups.
Thereafter, the alpha adrenergic effect was manifested in a significantly sharp decline
in the intestinal blood flow in all groups with the largest response in the 48-hour post-

irradiation group. The beta adrenergic agent (isoproterenol) caused an approximately
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30 percent decline of the intestinal blood flow in all groups within the first 3 minutes
postinjection time. Thereafter, it increased steadily without returning to the original
preinjection values.

The initial peripheral resistance values of the intestinal loops in the irradiated
animals were higher than those of the normal controls (Figure 2C). After norepineph-
rine injection the control peripheral resistance balanced out within 2 minutes and
remained stable contrary to that of the irradiated animals where the resistance con-
tinued to rise. However, even at these increased intestinal resistance values, the
response to isoproterenol to reach maximum vasodilation appeared to be the same in
all groups. Furthermore, the immediate change after 1 minute postinjection also
showed the same steep slope of response.

The heart rate curves (Figure 2D) showed the characteristic responses to the
adrenergic agents. Compensatory vagal reflex activity slowed the heart, overcoming
the direct cardiac accelerator action of norepinephrine. The direct chronotropic
action of isoproterenol was also well expressed in all groups. Although the irradiated
animals' initial response average values were higher than the normal controls per-
centagewise (taking the initial values as 100 percent), the magnitude of the chrono-
tropic responses in all groups was similar.

When blood pressure was plotted against intestinal blood flow it was possible to
gain a better insight into the intestinal vasoactivity induced by the two adrenergic
agents. In Figure 3 the percent change of the average blood pressure was plotted
against flow changes, grouped at minute intervals. It is important to point out that

both adrenergic agents first altered the intestinal blood flow immediately by a sudden
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change of systemic blood pressure and only thereafter their local effects were mani-

fested. The intestinal vessels of the intact and 48-hour postirradiation groups showed

a gradual response after the first minute (Figure 3A,B) however the slope of the

increased blood pressure to blood flow ratio of the 72-hour postirradiated intestines

was followed immediately by a similar slope in the opposite direction without any com-

pensation (Figure 3C).

When the so-called vasoactive compensation for the first

2 minutes norepinephrine postinjection time was calculated, the values listed in

Table I were obtained by using the following formula:



- (AR)

vasoactive compensation = A X 100
where A (action) and R (reaction) of the intestinal blood flow changes (in percentage
of the initial blood flow) were calculated for 100 mm Hg blood pressure change.

Table I. Percentage Vasoactive Compensation of the Intestinal Resistance
Vessels after the Administration of Norepinephrine

Time Change in Change in | Percent blood flow change Vasoactive
Groups intervals | blood pressure | blood flow per 100 mm Hg compensation
(min) (mm Hg) (percent) blood pressure change (percent)
Control 0-1 +74.6 +26.4 +35.39 +75.2
1-2 - 47.8 - 4.2 - 8.78
48 hours 0-1 +80.2 +50.0 +62.34 +42.4
postirradiation 1-2 - 60.2 -21.6 - 35.88
72 hours 0-1 + 83.0 +57.4 +69.16 - 0.10
postirradiation 1-2 -59.3 - 41.3 - 69.65

When the bleeding part of the experiment was started the slope of the blood pres-
sure to blood flow regression lines of the irradiated animals (Figure 4A) was shifted
significantly down to the vasoconstrictor side compared with the control. At these
lower levels, the induced intestinal blood flow changes by the gradual decrease of
blood pressure were similar or even somewhat better (less steep slope) than in the
intact, nonirradiated animals. However, it is important to note that the control intes-
tinal vessels showed reactive hyperemia during reinfusion which was completely
missing in the irradiated intestinal resistance vessels (Figure 4B). When the intesti-
nal peripheral resistance percentage changes were plotted against the blood pressure
changes (Figure 5) during the blood withdrawal (Figure 5A) and reinfusion (Figure 5B)

periods, it became clear that the intestinal blood vessels of the irradiated animals




demonstrated a considerable fluctuating vasoactivity, indicating a less coordinated
vascular regulatory process. The fluctuation of the intestinal peripheral resistance

was more apparent in the earlier postirradiation period, at 48 hours.
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IV. DISCUSSION

In the present study, experiments were performed on intestinal segments which
were not separated, had intact vasoconstrictor fibers and vagal innervation. Further-
more, to avoid metabolic shifting, the animals were not starved. Since the venous
outflow pressure was set at zero, it is justifiable to say that the intestinal resistance
was caused by the resistance vessels beginning morphologically at the arterioles and
extending to the precapillary sphincters.

The present study is concerned with the functional capacity of the irradiated
intestinal resistance vessels to respond when they are challenged by rapid or gradual
alterations of the arterial blood pressure. In the first case apparently the reflexly
mediated regulatory processes are involved. Sarnoff and Yamada17 described potent
baroreceptors in the mesenteric vasculature. The pressure alterations cause activa-
tion of afferent nerve impulses from these baroreceptors with a resultant negative
feedback effect. Maloroval? reported that irradiation can produce an inhibition or
total reduction of the biopotentials (nerve conductivity).

Therefore, the possibility exists that the nerve conductance disturbance was
manifested at 72 hours postirradiation when the intestinal resistance vessels appeared
to be passively altered by the abrupt change of the arterial pressure.

Wallentin19 demonstrated that the vasoconstrictor fiber effect on the intestinal
capillary resistance vessels is strongly counteracted by a local vasodilator mecha-
nism. This causes an "autoregulatory escape' from the constrictor fiber influence,
so balanced that in the steady-state phase of constrictor fiber activity the intestinal

flow resistance is only modestly increased. Shehadeh et a1.18 confirmed this

11




phenomenon with prolonged interarterial infusion of vasoactive drugs. The present
data concerning the normal, control animals substantiate these observations. However,
in the irradiated animals this so-called "autoregulatory escape' was not manifested
after norepinephrine injection. The intestinal resistance continuously increased dur-
ing the postinjection period with a concomitantly decreasing intestinal blood flow.

During the postirradiation period the increased resistance in the intestinal ves-
sels (down to the precapillary sphincters) due to sympathetic activity or vasoactive
agents might render ineffective the autonomous microcirculatory regulation of pres-
sure and flow patterns within the exchange vessels. This phenomenon is not a specific
hemodynamic feature of the gastrointestinal radiation syndrome since it certainly can
be observed in different pathological states. It is well known however that the irradi-
ated animals' blood vessels develop extreme reactivity to constrictor s’cimuli.11

It was reported that in the dog and cat little or no increase in mesenteric resist-
ance is usually seen following hemorrhage .5 The present data confirm this observation
when in the second phase of the study the intcstinal vasculature was exposed to gradual
hemodynamic changes. During the blood withdrawal and reinfusion periods only a fine
oscillation appeared in the resistance of the normal intestinal vessels. However, the
vasomotor regulatory processes of the irradiated vessels show a marked fluctuation
during the hemodynamic adaptation.

Zweifach21 and Windmueller et al.20 indicate that the intestinal blood flow de-
pends on the well organized local metabolic and/or some of the circulating humoral
factors. A general change in the content of epinephrine and norepinephrine of various

tissues was recently reported in irradiated animals.13
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Goodall and Long6 showed that the physiological demand for epinephrine and
norepinephrine is so great after irradiation that the adrenal gland is partially or com-
pletely depleted of its catecholamine; however, the biosynthesis of these hormones
does not decrease; if anything, it increases. Similar observations were made about

4 concerning production of glucocorticoids. Furthermore, Zweifach

the adrenal cortex
and Kivy—Rosenberg22 indicated that after whole-body irradiation, responses of ter-
minal arterioles and precapillaries to epinephrine and norepinephrine are exaggerated.

The present data concerning the fluctuating intestinal resistance values when
gradual blood withdrawal and reinfusion were performed substantiate the existence of
the neurohumoral imbalance during the postirradiation period.

During blood reinfusion in control dogs there was a proportionately higher in-
crease in the blood flow compared with the blood pressure increase (reactive hyper-
emia). This phenomenon was completely missing in the irradiated intestinal vessels.
Instead, their tone was steadily shifted to the vasoconstriction side. It is necessary
to point out, however, that during the development of the gastrointestinal syndrome
the increased peripheral resistance has two other but less significant components;
namely, increased viscosity and the formation of plugs in the capillaries (cell debris),
besides active vasoconstriction.

Everhard et al.® showed recently that decreased intestinal blood flow leads to a
progressive vasoconstriction with a persistent refractory intestinal ischemia. This
process, the altered integration of the intestinal vasomotion, might be one of the
determinant factors in the syndrome. The progressive alterations of the hemodynamic

regulation lead to hypotension, intestinal ischemia and the terminal cardiovascular

13




collapse, regardless of whether the electrolyte and water balance is maintained.
Therefore, it seems justifiable to conclude that the terminal phase of the gastrointes-

tinal radiation syndrome resembles the pattern of intestinal ischemic shock.

14



o2}

10.

11.

REFERENCES

Caster, W. O., Armstrong, W. D. and Simonson, E. Changes in the cardiovas-
cular system following total body X-irradiation. Am. J. Physiol. 188:169-177,
1957.

Dowling, J. H. Experimental determination of dose for the monkey in a reactor
pulse environment. Bethesda, Maryland, Armed Forces Radiobiology Research
Institute Scientific Report SR66-3, 1966,

Everhard, M. E., Regan, J. A., Veith, F. J. and Boley, S. J. Mesenteric
vasomotor response to reduced mesenteric blood flow. Physiologist 13:191
(Abstract), 1970.

Fleming, K., Geierhaas, B., Hemsing, W. and Mannigel, U. Strahlenwirkungen
und Nebennierenrinde. IV. Untersuchungen an Ratten tiber den 'ersten Cortico-
steroidanstieg' nach Ganzkorper-Rontgenbestrahlung. Int. J. Radiation Biol. 14:
93-105, 1968,

Friedman, J. J. Mesenteric circulation in hemorrhagic shock. Circulation Res.
9:561-565, 1961.

Goodall, McC. and Long, M. Effect of whole-body X-irradiation on the adrenal
medulla and the hormones adrenaline and noradrenaline. Am. J. Physiol. 197:
1265-1270, 1959,

Gurd, F. N. Metabolic and functional changes in the intestine in shock. Am. J.
Surg. 110:333-336, 1965.

Hager, E. B., Ferrebee, J. W. and Thomas, E. D. Damage and repair of the
gastrointestinal tract after supralethal radiation. Radiobiol. Radiother. (Berlin)
4:1-11, 1963.

Janossy, Gy. Intestinal blood flow in gastrointestinal irradiation syndrome in the
rat. Acta Med. Acad. Sci. Hung. 26(1):13-21, 1969.

Janossy, Gy. Cardiac output and its distribution in the terminal stage of the gas-
trointestinal irradiation syndrome (''radiation shock'). Acta Med. Acad. Sci.
Hung. 26(1):23-29, 1969.

Kivy-Rosenberg, E. and Zweifach, B. W. Microcirculatory effect of serotonin
on hemostasis following whole-body X-irradiation. Am. J. Physiol. 211:730-
734, 1966.

15



12,

13.

14.

15.

16,

17.

18.

19.

20.

21.

22.

Majorova, N. F. Investigation of the bioelectric activity in the mesenteric nerves
of the cat in the case of whole-body and local x-irradiation. Radiobiologiya 9:
764-766, 1969,

Minaev, P. F. and Musagalieva, G. M. Change in the content of adrenalin and
noradrenalin in various tissues of irradiated animals. Radiobionlogiya 9:625-
628, 1969.

Osborne, J. W. Prevention of intestinal radiation death by removal of the irradi-
ated intestine. Radiation Res. 4:541-546, 1956.

Palmerio, C., Zetterstrom, B., Shammash, J., Euchbaum, E., Frank, E. and
Fine, J. Denervation of the abdominal viscera for the treatment of traumatic
shock. New Engl. J. Med. 269:709-716, 1963,

Pitchford, T. L. and Thorp, J. W. The acute mortality response of beagles to
pulsed, mixed gamma-neutron radiations. Bethesda, Maryvland, Armed Forces
Radiobiology Research Institute Scientific Report SR68-15, 1968,

Sarnoff, S. J. and Yamada, S. I. Evidence for reflex control of arterial pressure
from abdominal receptors with special reference to the pancreas. Circulation
Res. 7:325-335, 1959.

Shehadeh, Z., Price, W. E. and Jacobson, E. D. Effects of vasoactive agents
on intestinal blood flow and motility in the dog. Am. J. Physiol. 216:386-392,
1969.

wallentin, I. Studies on intestinal circulation. Acta Physiol. Scand. 69 (Supple-
mentum 279):1-38, 1966,

Windmueller, H. G., Spaeth, A. E. and Ganote, C. E. Vascular perfusion of
isolated rat gut: norepinephrine and glucocorticoid requirement. Am. J.
Physiol. 218:197-204, 1970.

Zweifach, B. W. Vasoactive agents in the microcirculation. Fed. Proc. 27:1399-
1402, 1968,

Zweifach, B. W. and Kivy-Rosenberg, E. Microcirculatory effects of whole-body

X-irradiation and radiomimetic procedures. Am. J. Physiol. 208:492-498,
1965.

16



DISTRIBUTION LIST

AIR FORCE -

The Surgeon General, U, S. Department of the Air Force, Washington, D. C. 20333 (1)

Executive Officer, Director of Professional Services, Office of the Surgeon General, Hq. USAF (AFMSPA) T-8,
Washington, D. C. 20333 (1) ]

Headquarters, U. S, Air Force (AFMSPAB), Washington, D. C. 20333 (1)

USAFSAM (SMBR), ATTN: Chief, Radiobiology Branch, Brooks AFB, Texas 78235 (1)

Air Force Weapons Laboratory, ATTN: WLIL (1), ATTN: WLRB-2 (1), Kirtland AFB, New Mexico 87117 (2)

Chief, Nuclear Medicine Department, P. O. Box 5088, USAF Hospital, Wright-Patterson AFB, Ohio 45433 (1)

Officc of the Command Surgeon (ADCSG), Hq. ADC, USAF, Ent AFB, Colorado 80912 (1)

ARMY

The Surgeon General, U, S, Department of the Army, Washington, D. C. 20315 (1)

Surgeon General, ATTN: MEDDH-N, U. S. Department of the Army, Washington, D. C. 20315 (1)

USACDC CSSG, Doctrine Division, Fort Lee, Virginia 23801 (1)

CG, USCONARC, ATTN: ATUTR-TNG (NBC), Fort Monroe, Virginia 23351 (1)

Commanding Officer, U. S. Army Medical Research Laboratory, Fort Knox, Kentucky 40121 (1)

Commanding Officer, USA Nuclear Medical Research Detachment, Europe, APO New York, N. Y. 09180 (2)

Army Research Office, ATTN: Chief, Scientific Analysis Branch, Lifc Sciences Division, 3045 Columbia Pike,
Arlington, Virginia 22204 (1)

Division of Nuclear Medicine, Walter Reed Army Institute of Research, Walter Reed Army Medical Center
Washington, D. C. 20012 (5)

Commanding Officer, U. S. Army Environmental Hygicne Agency, ATTN: USAEHA-RP, Edgewood Arsenal, Mary-
land 21010 (1)

Commandant, U. S. Army Medical Field Service School, ATTN: MEDEW-ZNW, Fort Sam Houston, Texas 78234 (1)

NAVY

Chief, Bureau of Medicine and Surgery, U. S. Navy Department, Washington, D, C. 20390 (1)

Chief, Bureau of Medicine and Surgery, ATTN: Code 71, U. S. Navy Department, Washington, D. C. 20390 (1)

Director, Biological Sciences Division, Office of Naval Research, Washington, D. C. 20360 (1)

Commanding Officer, Naval Aerospace Medical Institutc, NAMC, ATTN: Research Director, Pensacola, Florida
32512 (3)

Head, Animal Behavioral Sciences Branch, Naval Aerospace Medical Institute, Naval Aerospace Mcdical Center,
ATTN: Dr. John S. Thach, Jr., Pensacola, Florida 32512 (1)

Commanding Officer, U. S. Naval Hospital, ATTN: Director, REEL, NNMC, Bethesda, Maryland 20014 (1)

Commanding Officer, Nuclear Weapons Training Center, Atlantic, Nuclear Warfare Department, Norfolk, Virginia
23511 (1)

Commanding Officer, Naval Submarine Medical Center, Naval Submarine Base, NL, ATTN: Medical Library,
Groton, Connecticut 06340 (1)

Commanding Officer, Naval Submarine Medical Center, Naval Submarine Base, NL, ATTN: Code 53, Nuclear Medi-
cine Training Division, Groton, Connecticut 06340 (1)

D, O, D,

Director, Defense Nuclear Agency, Washington, D. C. 20305 (1)

Director, Defense Nuclear Agency, ATTN: DDST, Washington, D. C. 20305 (1)

Director, Defense Nuclear Agency, ATTN: -Chief, Medical Directorate, Washington, D. C. 20305 (4)

Director, Defense Nuclear Agency, ATTN: Technical Library (APTL), Washington, D. C. 20305 (2)

Commander, Field Command, Defense Nuclear Agency, ATTN: FC Technical Library, Kirtland AFB, New Mexico
87117 (1)

Director, Armed Forces Institute of Pathology, Washington, D. C. 20305 (1)

Administrator, Defense Documentation Center, Cameron Station, Bldg. 5, Alexandria, Virginia 22314 (12)

OTHER GOVERNMENT

U. S. Atomic Energy Commission, Headquarters Library, Reports Scction, Mail Station G-17, Washington, D. C.
20545 (1)

U. S. Atomic Fnergy Commission, Division of Biology and Mcdicine, Washington, D. C. 20545 (1)

U. S. Atomic Energy Commission, Bethesda Tcchnical Library, 7920 Norfolk Avenuc, Bethesda, Maryland 20014 (1)

17




OTHER GOVERNMENT (continued)

National Aeronautics and Space Administration, ATTN: Lt. Col. Charles M. Barnes, USAF, DB-3, MSC, Houston,
Texas 77058 (1)

National Aeronautics and Space Administration, Manned Spacecraft Center, ATTN: Dr. B. D. Newsom, Mail Code
DA, Houston, Texas 77058 (1)

National Bureau of Standards, ATTN: Chief, Radiation Physics Division, Washington, D. C. 20234 (1)

U. S. Public Health Service, Bureau of Radiological Health, Division of Biological Effects, 12720 Twinbrook Park-
way, Rockville, Maryland 20852 (1)

U. S. Public Health Service, Bureau of Radiological Health, Library, 12720 Twinbrook Parkway, Rockville, Mary-
land 20852 (1)

U. S. Public Health Service, Northeastern Radiological Health Laboratory, 109 Holton Street, Winchester, Massa-
chusetts 01890 (1)

U. S. Public Health Service, Southeastern Radiological Health Laboratory, P. O. Box 61, Montgomery, Alabama
36101 (1)

U. S. Public Health Service, Southwestern Radiological Health Laboratory, P. O. Box 15027, Las Vegas, Nevada
89114 (1)

OTHER

Argonne National Laboratory, Library Services Department, Report Section Bldg. 203, RM-CE-125, 9700 South
Cass Avenue, Argonne, Iilinois 60440 (1)

Dr. Donald G. Baker, Radiobiology Department, Zellerbach Saroni Tumor Institute, 1600 Divisadero Street, San
Francisco, California 94115 (1)

Dr. J. T. Brennan, Radiology Department, University of Pennsylvania, 3400 Spruce Street, Philadelphia, Pennsyl-
vania 19104 (1)

Brookhaven National Laboratory, Information Division, ATTN: Research Library, Upton, Long Island, New York
11973 (2)

Dr. J. S. Burkle, Director of Nuclear Medicine, York Hospital, York, Pennsylvania 17403 (1)

Director, Radiobiology Laboratory, University of California, Davis, California 95616 (1)

University of California, Lawrence Radiation Laboratory, Library, Bldg. 50, Room 134, Berkeley, California
94720 (1)

University of California, Lawrence Radiation Laboratory, Technical Information Division Library L-3, P. O. Box
808, Livermore, California 94551 (2)

University of California, Laboratory of Nuclear Medicine and Radiation Biology, Library, 900 Veteran Avcnue,
Los Angeles, California 90024 (1)

Cdr. William H. Chapman, USN (Ret.), Bio-Medical Division L-523, Lawrence Radiation Laboratory, University of
California, P. O, Box 808, Livermore, California 94551 (1)

Director, Collaborative Radiological Hcalth Laboratory, Colorado State University, Fort Collins, Colorado 80521 (1)

Dr. L. W, Davis, Radiology Department, University of Pennsylvania, 3400 Spruce Street, Philadelphia, Pennsyl-
vania 19104 (1)

Professor Merril Eisenbud, New York University, Tuxedo, New York 10987 (1)

Dr. T. C. Evans, Radiation Research Laboratory, College of Medicine, University of Iowa, Iowa City, Iowa 52240 (1)

Dr. Arnold Feldman, Institute of Radiology, School of Medicine, Washington University, 510 South Kingshighway,
St. Louis, Missouri 63110 (1)

Mr. Orin Gelderloos, Division of Literature, University of Michigan, Dearborn Campus, Dearborn, Michigan 48124 (1)

General Dynamics/Fort Worth, ATTN: Librarian, P. O. Box 748, Fort Worth, Texas 76101 (1)

Gulf General Atomic Incorporated, ATTN: Library, P. O, Box 608, San Diego, California 92112 (1)

IIT Research Institute, ATTN: Document Library, 10 West 35th Street, Chicago, Illinois 60616 (1)

Dr. R. F. Kallman, Department of Radiology, Stanford University, Palo Alto, California 94305 (1)

Dr. L. S. Kelly, Donner Laboratory, University of California at Berkeley, Berkeley, California 94720 (1)

Los Alamos Scientific Laboratory, ATTN: Report Librarian, P. O. Box 1663, Los Alamos, New Mexico 87544 (1)

Director, Nuclear Science Center, Louisiana State University, Baton Rouge, Louisiana 70803 (2)

Lovelace Foundation for Medical Education and Research, Document Library, 5200 Gibson Blvd., S. E., Albuquerque,
Ncw Mexico 87108 (1)

Dr. Ross A. McFarland, Guggenheim Professor of Aerospace Health and Safety, Harvard School of Public Health,
665 Huntington Avenue, Boston, Massachusetts 02115 (1)

Dr. J. I. Marcum, Rand Corporation, 1700 Main Street, Santa Monica, California 90401 (1)

Massachusetts Institute of Technology, M.I.T. Libraries, Technical Reports, Room 14 E-210, Cambridge, Massa-
chusetts 02139 (1)

18




OTHER (continued)

Dr. Charles W. Mays, Physics Group Leader, Radiobiology Division, University of Utah, Salt Lake City, Utah
84112 (1)

Ohio State University, Nuclear Reactor Laboratory, 1298 Kinnear Road, Columbus, Ohio 43212 (1)

Dr. Harvey M, Patt, Laboratory of Radiobiology, University of California, San Francisco Medical Center, San
Francisco, California 94122 (1)

Purdue University, Nuclear Engineering Library, Lafayette, Indiana 47907 (1)

Dr. S. M. Reichard, Director, Division of Radiobiology, Medical College of Georgia, Augusta, Georgia 30902 (1)

University of Rochester, Atomic Energy Project Library, P. O. Box 287, Station 3, Rochester, New York 14620 (1)

Dr. H. H. Rossi, 630 West 168th Street, New York, N. Y. 10032 (1)

Dr. Eugene L. Saenger, Director, Radioisotope Laboratory, Cincinnati General Hospital, Cincinnati, Ohio 45229 (1)

Sandia Corporation Library, P. O. Box 5800, Albuquerque, New Mexico 87115 (1)

Scientific Committee on the Effects of Atomic Radiation, ATTN: Library, United Nations Room 3267, United Nations
Plaza, New York, N. Y. 10017 (1)

Scope Publications, Franklin Station, P. O. Box 7407, Washington, D. C. 20004 (1)

Dr. Arthur R. Tamplin, Biophysicist, Information Integration Group, University of California, Lawrence Radiation
Laboratory, L-612, Livermore, California 94550 (1)

Texas A. and M. University, Radiation Biology Laboratory, Texas Engineering Experiment Station, College Station,
Texas 77840 (2)

Texas Nuclear Corporation, ATTN: Director of Research, Box 9267 Allandale Station, Austin, Texas 78756 (1)

Western Reserve University, Department of Radiology, Division of Radiation Biology, Cleveland, Ohio 44106 (1)

Mr. Lionel Zamore, 601 Brightwater Court, Brooklyn, New York 11235 (1)

FOREIGN

International Atomic Energy Agency, Karntnerring 11, Vienna I, 1010, Austria (1)

European Atomic Energy Community, C.E,E.A., Library, 51 rue Belliard, Brussels 4, Belgium (1)

Dr. L. G. Lajtha, Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester, England (1)

Dr. L. F. Lamerton, Biophysics Department, Institute of Cancer Research, Surrey Branch, Belmont, Sutton,
Surrey, England (1)

National Lending Library for Science and Technology, Boston Spa, Yorkshire, England (1)

Directorate of Medical and Health Services, FAF (Federal Armed Forces), Bonn, Ermekeilstrasse 27, West
Germany (1)

Abteilung fur Strahlenbiologie im Institut fiir Biophysik der Universitdt Bonn, 53 Bonn-Venusberg, Annaberger Weg
15, Federal Republic of Germany (2)

Prof. Dr. H. Langendorff, Direktor des Radiologischen Instituts der Universitit, 78 Freiburg im Breisgau, Albert-
strasse 23, Germany (1)

Priv. - Doz. Dr. O. Messerschmidt, Radiologisches Institut der Universitat, 78 Freiburg im Breisgau, Albertstrasse
23, Germany (1)

Dr. Helmut Mitschrich, Akademie des Sanitats- und Gesundheitswesens der Bundeswehr, Spezialstab ATV,
8 Miinchen, Schwere Reiterstrasse 4, Germany (2)

Prof. Dr. F. Wachsmann, Gesellschaft fiir Strahlenforschung m.b.H., 8042 Neuherberg bei Miinchen, Institut fiir
Strahlenschutz, Ingolstadter Landstrasse 1, Miinchen, Germany (1)

Col. Joachim Emde, Direktor, Spezialstab ATV, ABC-und Selbstschutzschule, 8972 Sonthofen 2/Allgiu, Berghofer-
strasse 17, West Germany (1)

Dr. M. Feldman, Section of Cell Biology, The Weizmann Institute of Science, Rehovoth, Israel (1)

Dr. G. W. Barendsen, Radiobiological Institute TNO, Rijswijk, Netherlands (1)

Puerto Rico Nuclear Center, ATTN: Reading Room, College Station, Mayaguez, Puerto Rico 00708 (2)

Dr. H. Cottier, Pathological Institut der Universitat, Bern, Switzerland (1)

# U. S. GOVERNMENT PRINTING OFFICE : 1971--483-530/40

19




UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA-R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)
1. ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION
Armed Forces Radiobiology Research Institute UNCLASSIFIED
Defense Nuclear Agency 2b. GROUP
Bethesda, Maryland 20014 N/A

3. REPORT TITLE

ALTERATION OF INTESTINAL VASOACTIVITY DURING THE DEVELOPMENT OF THE
GASTROINTESTINAL RADIATION SYNDROME

. DESCRIPTIVE NOTES (Type of report and inclusive dates)

IS

o

. AUTHORIS) (First name, middle initial, last name)

J. Kabal, S. J. Baum and L. J. Parkhurst

6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS
September 1971 23 22
Ba, CONTRACT OR GRANT NO. 98. ORIGINATOR®'S REFPORT NUMBERI(S)

b prosecT no. NWER XAXM AFRRI SR71-11

<. Task and Subtask C 903 b OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)

d. Work Unit 06

10. DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Director

Defense Nuclear Agency
Washington, D. C. 20305

13. ABSTRACT

The functional vascular integrity of the small intestine in relationship to its
morphological alterations during the postirradiation period was examined. Dogs
were exposed to 1500 rads (midline tissue dose) of mixed gamma-neutron radiation.
Hemodynamic parameters of an in situ intestinal loop were measured in response
to the systemic administration of norepinephrine, isoproterenol and gradual bleed-
ing and reinfusion. The results indicate that 48 hours postirradiation when the cap-
illaries are virtually intact and the systemic hemodynamic parameters are not altered
yet, the functional integrity of the intestinal vasculature is already significantly
deteriorated. The intestinal resistance vessels of the irradiated animals did not
exert "autoregulatory escape' as the controls did. After 72 hours the vasocom-
pensation to the sudden blood pressure changes was also markedly changed. The
fluctuation of the intestinal resistance values during the bleeding and reinfusion
periods demonstrated neurohumoral imbalance in the postirradiation period. On
the basis of these results it is postulated that the terminal cardiovascular collapse
in irradiated animals might be due to the development of intestinal ischemic shock.

DD f°3..1473 UNCLASSIFIED

Sccurity Classification




UNCLASSIFIED
Security Classification
14. LINK A LINK B LINK €
KEY WORDS
ROLE wT ROLE wT ROLE wT
UNCLASSIFIED

Security Classification




