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FOREWORD

This is the first Annual Report to cover work performed undar our new <on-
tractual status as the Biology Depsrtment of the Pacific Northwest Lsboratory
operated by the Battelle Memoria) Institute. Previously operated by the
General Electric Company as a component of the Hanford Laboratories, the change-
over took place on January 4, 1965,

The change of contractors involved no personnel changes or immediate orgar’
zational changes. 1In mid-summer of 1965, however, there occurred a general
reorganization of the Biology Department. In addition to numerocus shifts of
personnel between previously existing Sections, two additional Sections were
created and s new position established of Senior Research Associate. These
changes are reflected in the listing of Biology Department Staff which follows
this Foreword.

In view of these changes it seemed an appropriate time to also make rather
extensive slterations in ocur Annual Report. Most immediately obvious will be
the changes in format and typography, which, within the limitations of economi-
cal publication, should do much to improve readability. These changes only par-
tially account for the decreased bulk of the document, for we have also made a
concerted effort to shorten the individual reports and to standardize their plan
of presentation.

Individusl reports are grouped to correspond spproximately with the USAEC's
Division of Biology and Medicine budget categories. Each of these categories is
introduced by a brief general discussion of our program in that category. Msjor
research accomplishments of the year are highlighted in these introductions. It
seems sppropriate, however, to add emphasis 2t this point to a few of the year's
significant events,

A msjor effort was involved, early in the year, in constructing temporary
facilities for much of our environmental studies program to replace those
destroyed in the fire of November 1984. This was accomplished in #s rapid and
inexpensive a manner as possible, in view of our anticipated move to new lahora-
tory aquerters in 1968 cor 1%69. With assistance from the Division of Riology and
Medicine and the AEC’'s Richland Operation Office, and the cooperation of many
people on the local scene, most of this work was completed before summer.

Two major symposia of international scope were held during the yesr—the
Hanfeord Symposium on Radiation and Terrestrial Ecosystems under the genersl chair-
manship of Dr. F. P. Hungate, May 3-5; and the Symposium on Swine in Biomedical

0012312



For g Al et g KB R T W, - A A S N
~ . L.

iv
BNWL- 280

Research, July 19-21, under the joint genersl chairmanship of Dr. L. K. Bustad
and Dr. R, 0. McClellsn. Scheduled for September 25-28, 1966, is a Symposium on
Gastroistestinal Radiation Injury under the general chairmanship of

Dr. M. F. Sullivan. Planned for 1967, May 15-17, is a Symposiue on Diagnosis and
Treztment o+ Deposited Radionuclides, to be cosponscred with the Hanford Occupa-
tionsl Heai*h Foundation under the joint general chairmanship of

Dr. H. A. Xornberg and Dr., W. D, Norwood.

Late in 1985, s rather thorough review of the Biology Department's objectives
resulted in the following listing of "priority sreas”™ in which we plan to expand
our activities st the expense of other less critical or less productive areas:

e Inhalation studies

o Chronic °9

St toxicity studies in swine
e Columbia River ecology studies

e Arid lands ecology studies

e Internal emitter metabolism and toxicity studies
e Gastrointestinal radiation damage studies,

These six major areas are not &ll inclusive. There is, for example, funda-
mental work at the cellular level in support of nearly all areas listed. We
feel that no life sciences laboratory can maintain a heslthy research prograas
without studies in progress at this basic level.

1f a single major research accomplishment were to be singled out for
emphasis, it would probably have to be the growing body of data on hematopoietic
neoplasms in our winiature swine chkronically exposed to gy, In addition to
their obviocus bearing on problems of hazard evaluation and permissible exposure

limits, these results suggest fascinating possibilities for basic studies on
leukemogenesis.

The major new ares of research endeavor during the past year has been that
associated with the evaluation of reentry hazards of radionuclide pover sources
and nuclesr propulsion systems in space. These studies, undertsken at the
request of the Division of Biology wnd Medicine are still preliminary, but are
represented by four reports in this document.

The most traumatic event of the year occurred when Dr. Leo K. Bustad, ocur
chief "sheepherder" for 16 years, left Hanford to become Professor ard Director
of the Radiobiclogy Laboratory, University of California, Davis, California. He
has our estees and best wishes for continued success,

H. A. Kornberg, Manager
Niology Department
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COMPARATIVE TOXICOLOGY SECTION

J. L, Palotay, D.V.M. - Manager
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Patricia C. Lee - Secretary

Professional Staff Technical Staff
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D. Tucker
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Millwright -

E.

E. Root

Pipefitters - R. R. Brodaczynski
D. L. Dudley

Specialist - G.

Technical Staff

L. C. Cronk

B. T. Didway
Yvonne W. Hendrickson
R. F. Howatd

Edith B. Kin%

Judi K. Lund(1l)

G. J. Powers
Patricia H. Ray
Sarah K. Richards
Dercthy A. Ricketts
W. W. Roberts

Helen M. Reobinscn

RADIATION MOMITORING

M. Rolph

Rediation Menitors - W, W, King

(1)

Summer employec
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SOMATIC EFFECTS OF RADIATION
RADIATION EFFECTS - GENERAL

Of the ten reports included in this category, five are con-
cerned with the mechanism and treatment of gastrointestinal
radiation effects. Long an area of special interest in our
laboratory, this effort has now expanded to include more
basic studies, as evidenced by the reports on '"transport

and potential measurements'" and on "ultrastructural” effects.
This effort will he stimulated in 1966 by the holding at
Richland, September 25-28, of an International Symposium on
Gastrointestinal Radiation Injury.

Included in this category are three other areas of investi-
gastion. The program on skin irradiation effects has for
several years been principally concerned with the develop-
ment of the HManford Miniature Swine, whose skin is parti-
cularly well adapted to skin studies, but which has an
obviously much wider applicability as an experimental ani-
mal. This latter point was attested to by the Symposium
on Swine in Biomedical Research, held at Richland, July
19-21, 1965, which started out to be a small gathering of
investigators using swine as experimental animals and

ended up with an attendance of over 150 off-site partici-
pants. The proceedings of this symposium, including 72
papers, will be available in hook form by mid-summer, 1966.

Studies on the combined effects of chemical carcinogens
and radiation, pursued on a limited scale for several
years, will probably be terminated in 1966 when the plan-
ned preliminary survey is completed. Our continuing pro-
gram of radiation effect studies on the flour beetle is

represent2d this year by a single report on the combined
effects of radiation and DDT,
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SODIUM AND WATER TRAMSPCRT IN THE

In vivo perfusion studies _show that vater and eodium
absorption from the small and large intestine of the
rat are deoreased to about half normal values three
Novement of there conatituents
from blocd etream to tntestinal lumen is similarly
depressed in the amall bowel but not in the large
Decreased absorption ts the privcipal

daye after 1500 R.

intestine,
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IRRADIATED INTESTINE

Investigator:

M., F. Sullivan
Technical Assistance:
Alma L. Croaby

factor responsible for excessive fluid and slectro-~
lyte losser aasociated with the intestinal radiation

syndrome.

The excessive losses of water and
sodjum from the gastrointestinal tract
have been tacitly accepted as the
proximate cause of death in the radia-
tion syndrome termed "intestinal
death."

views, however, concerning the mecha-

There have been conflicting

hiswm by which these losses occur.

These conflicts have arisen because of
the differing methods employed in
studying the phenomena and because only
part of the functions involved in
maintaining homeostasis have been
studied in any single investigation,
Observations

Rats were exposed to either 1000 or
1500 R of X-irradiation to the abdomi-
nal region, the remainder of the body
being protected by a lead shield.

Three days after irradiation, when fluid
loss is most apparent, the animals were
snesthetized and their small or large
intestines perfused in vivo with ise-
tonic phosphate buffer, Tritium oxide
(SHZO) and ZZN. tracers were either con-

0012324

tained in the perfused buffer or in-
jected intravenously and collected in
the perfusate., A minimum of five ani-
mals were studied in each treatment
group.

The dissppearance of 3“20 and 22Na
from the perfusate, measured at 15 or
30 min intervals for 2 hr, is shown in
Figure 1. The data demonstrate the
parallelism between the sbsorption of
sodium and water from the small and
large intestine and the dose dependent
inhibition of absorption after
irradiation,

Movement of intravenously injected

Na into the small intestine (Figure 2)
was decreased following irradiation to
about half the normal value, but 3HZD
exsorption was reduced by only about
208, In the large bowel, the excretion
of neither 3Hzo ner 2255 was appreciably
affected by prior irradiation,
Conclusions

21

These in vivo perfusion studies
demonstrate a severe depression of the



3
BNWL-280

absorptive function for water and sodium
in both the small and large intestine
following irradiation of the abdominal
region. The outflux of sodium and

water from the blood into the lumen of
the intestine is in no case increased--
it Is substantially reduced in the small
intestine and maintained at spproxi-
mately normal levels in the large intes-

tine. These results indicate that the
loss of water and sodfum which charac-
terizes the intestinal radistion syn-
drome must be primarily attributed to a
decressed reabsorption of fluids and
electrolytes normally reaching the
intestine by wey of the bile and other
secretions.

28

Large Intestine

1500 1 3K

-"'4

=rcent of Perfused Dose

Small Intestine

60 90 120

Perfusion Time, ain

FIGURE 1. 32

Na and B Ingorption from

the Perfused Intestine 3 Days After

I'rradiation
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FIGURE 2. %

Na and >y Exsorption into

the Perjused Intestine & Days After

Irpadiation

TRAHSPORT AND POTENTIAL MEASUREMENTS IN ISOLATED RAT INTESTINE

Sedium, potaesium, chloride, cesium, and uvater
tranapoert were studied in vitro. Resulte ob-
tained suggestad that there was active chloride
abeorption and potassium séaretion by the {leum.
Cesium transport and accumulation resembled that
of potassium, Preliminary resulis demonatrated
deletarious effects of X-irradiation on the bic-

#lectric and traneport characteristics of the
tleum,

In vitro techniques were used to
study electrolyte absorption by the
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jejunum and ileum of young adult rats
to obtain control data for studies of
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the effects of fonizing radiation on
intestinal function. The electrolytes
studied were sodium, potassium, cesium,
and chlorvide, Measurements were also
made of net water and tritisted water
transport and the bioelesctric poten-
tial generated across thas intestinas)

wall. The results of the experiments
on chloride transport were of particu-

lar interest because of the sbsence of
definitive data in the literature re-
garding the mechanism of chloride gb-
sorption, Preliminary data sre re-
poerted on the effects of X-irradiation

on these transport and bicelectric
prope~ties of isclated ileum.
Observations

Nine intestinal segments were
usually taken from each rat, everted,
and mounted in apparatus for bio-

electric potential and radioactive
flux measuremegts.(l) Z‘Na, 42[, 13723,
and SbCl, and "HOH were used as
radicactive labels for their respec-
tive stable isotopes and water. Re-
peated, direct measurements were made
of the "absorption permeability”
(Kms’ unidirectional mucosal to sero-
sal flux of radioactive label/concen-
tration of radioactive label in muco-
sal solution) together with a single
measurement of the net transport and
steady state ratio of the serosal and
mucosal concentrations (S/M) for each
intestinal segment.

OQuring the experiments, the seg-
ments were immersed either in inorganic
phosphate-buffered solution oxygensted
with 100% 0, at 37 °C or in a bicar-
bonate-buffered solution aerated with
95% O, and S% €O,. The composition of
the normal media was 1 mM CaCl
1 mM MgS0,, 5 mM KC1, 5 mM

2’
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Na HPO,/NaH,PO,, snd 15 =M glucose,
plus 25 mM Nano3 for bicarbonate
buffered medis, and NaCl to 310 milli-
The pH was 7.4 to 7.7.
Choline chloride, mannitel, snd Nazso‘
were substituted for NaCl o obtaln
the altered concentrations to be
described,

Bioelectric Meqeurements

osmolar.

Complex chenges occurred in the
biocelectric potentisl scross intestinal
segments both upon altering the scdius
concentration and following X-irrsdia-
tion. Dasta for segments from portions
of the §loum thet were shielded with
lead during the exposure as well as
that for nonshielded ileum expoused to
1500 R sre shown in Figure 1. When
intestinal segments were in normal
media, thelr serosal surface was pesi-
tive with respect to their mucossl sur-
face, However, following either cho-
line chloride or mannitol substitution
for NaCl, when sodium concentrstion
was reduced to 50 mM in both the
serpsal and mucosal wedia, the polarity
of the voltage difference often re-
versed so that the serosal surface was
negative., This bioelectric response
cccurred with the shielded ileal seg-
ments, but, as shown in Figure 1, was
less evident with the irradiated ileal
segments,

During more extensive studies with
nonirradiated rats, results similar to
those described above were obtained
with either jejunal or ileal segments
in bicarbonste-buffered med'}.

Using an inorganic phosphate-buffered
media, s similar but reduced negative
voltage response occurred with ileal

segments. In jejunal segments, how-
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FIGCURE 1. Voltage Differences Acrose
Irpadiated and Shielded Ileal Segmenta
from Rats 3 Days Following 1500 R
X-Irradiation (Each plot represents the
average of data for adjacent {rradiated
or shielded segments from three rate.)

ever, there was an initial negative
transient followed by a return to val-

ileal segments, and with either bicar-
bonate or inorganic phosphate-buffered

ues only slightly lower than those
observed in normal medis,

Further studies demonstrated that
eliminstion of glucose from the muco-
sal media caused appreciably larger
negative voltages. This effect was
observed upon lowering the sodium con-
centration, with either jejunal or

0012328

media.
Chloride and Sodium Transpert and
X~Irradiation Effecte

A series of experiments were per-
formed to evaluate the possibility of
a chloride transport mechanism.
Chloride-36, ‘Na, 424 and 3HOH trans-
port were studied simultaneocusly,
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employing intestinal segments in nor-
mal bicarbonate or inorganic vhosphate-
buffered media; following selective
reduction of the chloride concentration
to 20 mM {a condition that did not
appreciably alter the voltage differ-
ences); and following reduction of both
the sodium (50 mM) and chloride

(20 mM) concentrations so that the
bioelectric potentials were either
altered in polarity or greatly
depressed,

The jejunum and ileum had very dif-
ferent transport characteristics for
c¢hloride. In normal media the values
of Kms for chloride were about 1/2
those for tritiated water, for both
jejunal and ileal segments, and S/M
ratios were close to 1.0. However,
following selective reduction of the

chloride concentration, K_ _ for chio-

ride, with ileal segmentsTsincreased
in magnitude to values nearly twice
those for tritiated water, and S/M
ratios approached values of 2.0, In
contrast, Kms and S/M values for jeju-
nal segments increased only slightly.
Inclusion or elimination of bicarbonate
in the media did not markedly affect
chloride transport, and similar results
were obtained with either normal or re-
duced sodium concentrations.

These results indicated that chle-
ride is actively transported in the
ileum. The possibility that solvent
drag was responsible for the large $/M
values for chloride is negated by the
fact tiat simultanecus net water sb-
sorption was less than 1/5 the Kms val-
ues for tritiated water. The existence
of a chloride transport mechanism in
the rat ileum is further supported by

the large values of Kms cbtained for

0012329

chloride relative to those for triti-

ated water.
For sodium, in normal media, values
obtained for Kms were 3/4 those for
tritiated water and the values for 5/M
were near 1.0. Following reduction of
the sodium concentration, the values
of Kos approached or slightly exceedcd
those for tritiated water and values
for 5/M were between 1.1 and 1.6, with
the larger values usually obtained for
The data from these
experiments support those summarized
by Curran!

ileal segments.

indicating that sodium is
actively absorbed. However, in the
present experiments, the effects on
sodium transport, observed upon reduc-

ing the sodium concentration or inclu-

sion of bicarbonate in the media, couid

not be explained independently of cer-
responding effects on the voltage dif-
ferences. The marked differences des-
cribed between jeiunal and ileal seg-
ments for chloride were not zpparent
for sodium,

Following X-irradiation, sodium and
chloride transport characteristics by
Sodium
and chloride transport by the shielded
segments for which bioelectric poten-

ileal segments were altered.

tials are shown in Figure 1 were simi-
lar to that described for nonirradiated
intestine. However, in agreement with
the altered bioelectric response, s50-
dium and chloride transport hy the
irradiated segments were depressed,

Potgssium and Cesium Transport

Potassium and cesium transport by
the intestine were nearly identical and
S/M values indicated that both of these
electrolytes were secreted in the ileum
and to a lesser extent in the jejunum,
With normal media, potassium absorption

ke



permeabilities for jejuns)l and fleal
segments were, respectively, only asbout
2/5 and 1/5 those for tritiated water,
Concluysions

The voltage difference across the
intestine wall is clexrly a complex
function inveolving the coabined trans-
port mechanisms for sodium, chloride,
potassium and bicarbonate, Mechsnisms
were demonstrated for the transport of
chloride and potsssium in the fleus and
they may be present to s lesser degree
in the jejunum, Cesium transport sud
accumulation were nearly identical to
that of potassium, Biczrbonste efferts
upon the bloelectric and transport
characteristics of i{szolated intestine
were complex and require further de-
tailed study.

Following irradiation,
tric snd transport charact
the {leus are altered. Fu
ts required to correlate t
with sorphological alterat
intaptine, Such studies w
help iIn elucidating the me
irradistion damage, but m:
bute to s better urderstar
transport and biocelectric
tics of the normal intest!
Referencas

i. Desoription of the app:
cedwres used during th
{¢ being prepared for
Por more immediate ref
J. B. MoKennay. Digse
vol. 28, p. 1181. 136,

. P, F. Curran.
PP' ”-‘-’p’.

Fed, Pr
1965,

EFFECT OF NILE AND RADIATION ON [KTESTINAL FLORA

Coliform baoterial vcounts are inoreaeed in the
small intcatine of rate by e{ther bdile Juot T.
The imflu-
¢noce of these faolicors om the bacterial flora

dannulation or erposure to I rays.

appear te be additive.

The elinmination of Hile salts {rom
the intestine has been shown to prevent
diarrhea in the X-irradiated rat. Since
the products of bacrerial action on bile
salts are particularly damaging to the
mucose, it was anticipated that bile
might nlso influence the bacterial count
and leocation within the luzen of the
irradisted intestine.

Obsarvattons

At various times after bile duct

cannulstion and/or exposure of the gb-
domen of sdult femmle rats to 1000 or

*Comsultant Pathologist

0012330

Investigat
D, Mah:
M. F. Sul.

Technical
Almag L. C:

15C0 R of X-irradiation,
killed snd the small inte
inte three equal parts.
ples of the bacterial fic
by mechanically shaking ¢t
ments in sterile saline,
luted snd cultured for 2.
in mcConkey's agar. Res
from animals sacrificed
bile duct cannulation an
are shown in Figure 1.
middle segment, which we
termediate betwesn those
the end segaments, are om
simplicity.

These data show that
small intestine is almos
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form bacteria. Increased counts by
orders of magnitude were observed in
all parts of the intestine after either
irradiation or bile duct cannulation.
The highest counts were observed in
animals that were both cannulated and
irradiated.
Conclusions

It is apparent that the absence of
bile promotes the movement of bacteria
into the small intestine. Irradiation
of the intestine is also followed by a
proximal movement of the bacterial flow.
It is not known whether this local

effect of radiation is caused by de-
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creased intestinal motility or by dimin-
ished phagocytic activity resulting

from the exposure. The protective ac-
tion of bile duct cannulation against
intestinal radiation injury could be

due to the absence of the degradatioen
products of bile salts produced by
bacteria which have invaded portions of
the tract from which they are normally

absent. Drug sterilizatien of the gut,
however, has thus far been shown to have

little effect on the intestinal radia-
tion syndrome. Further study is neces-
sary to clarify these inter-related
phenomena.

ULTRASTRUCTURAL STUDY OF INTESTINAL RADIATION DAMAGE

The mucosa of bile duct cannulated, irradiated rats Investigators:
wae compared with that from rata that were irra- T. P. Mahony*
diated only. UVltrastructural differences were noted J. D. Beriinm

in the columnar cells that might indicate an action
of bile and/or radiatien on their aecretory activity.

The influence of bile salts on the
intestinal radiation syndrome in the
rat has been studied in this laboratory
and effects on the histological appear-
ance of t