o

& -.v~3

£

CALIFORNIA — BERKELEY

UNIVERSITY OF

RA

Qq;al

UCRL- g"gr}

UNCLASSH -

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

DIATION LABORATORY




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-839
Unclassified Distribution

UNIVERSITY OF CALIFORNIA
Radiation Laboratory

Contract No. W=7405-eng-48

THE METABOLISKH OF RADIOCALCTIVE COBALT (0060)

- IN NORMAL AND ALLOXAN DIABETIC RATS

Frank Ulrich and D, Harold Copp

August 10, 1950

Berkeley, California



UCRL-g39

Uncléassified Distribution

INSTALLATION

Argonne National Laboratory
Armed Forces Special Weapons Project
Atomic Energy Commission, Washington
Battelle Memorial Institute
Brush Beryllium Company
Brookhaven National Laboratory
Bureau of hedicine and Surgery
" Bureau of Ships
Carbide and Carbon Chemicals Div,,
Union Carbide and Carbon Corp. (K-25 Plant)
Carbide and Carbon Chemicals Div.,
Union Carbide and Carbon Corp. (Y-12 Plant)
Chicago Operations QOffice
Cleveland Area Office, AEC
Columbia University (J. R. Dunning)
Columbia University (G. Failla)
" Dow Chemical Company
H. K. Ferguson Company
General Electric Company, Richland
Harshaw Chemical Corporation
Idsho Operations Office
Towa State College
"Kansas City Operations Eranch
Kellex Corporation
Knolls Atomic Fower Laboratory
Los Alamos Scientific Laboratory
Mallinckrodt Chemical Works
liassachusetts Institute of Technology (4. Gaudin)
Massachusetts Institute of Technology (.A. R. Kaufmann)
Mound Leboratory
Natiocnal Advisory Committee for Aeronautics
. National Bureau of Standards
Naval Radiological Defense Laboratory
New Brunswick Laboratory
New York Operations Office
North American Aviation, Inc.
Oak Ridge National Laboratory
Patent Branch, Washington
Rand Corporation
Sandia Laboratory
Santa Fe Operations Office
Sylvania Electric rroducts, Inc.
Technical Information Division, Oak Ridge
USAF, Air Surgeon (R. H. Blount)
USAF, Director of Armament (C. I. Browne)
USAF, Director of Plans and Operations (R. L. Applegate)
USAF, Director of Research and Development
(F. W. Bruner and R. J. llason)
USALF, Eglin iir Force Base (4. C. Field)

No. of Copies

H 00D

HFEMFOHERPHRERERFAFENONNWHRFWNANRFDERWRFRO RN

[l AN



UCRL~839
-3=

THE METABOLISM OF RuDIOACTIVE COBALT (Co®0)
IN NORMAL AND ALLOXAN DIABETIC RATS.*

Frenk Ulrich and D, Harold Copp
From the Division of Physiology, University of California
lModical School, Radiation Laboratory, Berkeloy, Californis

Although therc are only trace amounts of cobalt in the body, it is
known that cobalt, in both plants and animals, is essential to the life
of the organisme. The role which this metal plays in the metabolism of the
body is not known., However, the advent of radiocsctive tracers and their
application to the study of minoral metabolism has brought forth new facts
which may eventually explain the processes by which cobalt is metabolized
in the body.

Copp and Greenbsrg (1) using radioactive cobalt showed that the chief
path of cobalt excretion in rats is the urine, and that after the adninistra-
tion of even minute amounts, most of the cobalt was rapidly eliminated from
the body. It was found by Greenberg, ot. al. (2) that bile also sorves as an
important route for the excretion of cobalt from the body. Sheline (3)
confimed this observation using dogs with bile and pancreatic fistulas.

He showied that after an intravenous injection of radiocactive cobalt,
appreciable amounts of the cobalt appeared in bile but not in pancreatic

juice.

* This work was supported in part by the Atomic Energy Commission.
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Bortrand (4) demonstrated thut the couocentrations of oobalt and nickel
in insulin was often hundreds of times greateor than in the tissuos from which
it was extructed. Furthermors, after abel and his colloagues (5) succoeded
in isolating crystalline insulin, Scott (6) showed that this orystalline
natorial. was a salt of insulin in conbination with a divalent metal such
as cobalt, cadnium, nickel, or zinc., In & series of studies on rats and
cattle, Comar and his co-workers (7,8) observed that the liver and pancreas
took up reolatively large amounts of the injected cobalt in comparison: to
the other organs of the body. This suggested the possibility that the cobalt
in the pencreas night be related to the insulin ocontent of that organ,

The following series of experiments were carried out %o study the
distribution of cobalt in the rat during the first 24 hours after intraperi-
toneal injection. 4 further object was to detormine whether alloxan diabetes
would have any‘effaot on the uptekeo of radioasctive cobalt by the pancreas,

LETHOD

Rats with elloxan diabetes and normal controls wore used for these
oxperinents. The diabetic condition was produced by fasting meture fenale
rats of the Long-Lvans strain for 24 hours and then injeocting them intraperi-
toneally with a 5 percent aquoous solution of alloxan. The dose adninistered
wﬁs 150 milligrams per kilogran of body weight. If within tho first two days
an alloxan injected rit did not show at least a 1 plus Benodict reaction of
the urine, it was again fasted for é4 hours and given a second intraperitoneal
injoction of 150 milligrams of alloxan per kilogranm of body weight. If the
urine after this sccond dose did not show a 1 plus Benedict reaction, the
anirmal was discarded.

Two woeks after the initial alloxan injoctious had been made, five
alloxan diabetic rats and five normal controls wore anesthetized with

ether and injected intrdperitoneally with 52 nicro_rams of cobalt tagged

ven
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with Coeo. The cobélt was in the form of CoCl2 dissolved in 1 c.c. of &

0.9 percent solution of saline and contained approximately 1 microcurie of

Co80 per dose,

After injection each rat was placed in a large glass beaker which was
provided with a wire screen for scparation of the urine and feces. 4t
spacified time intervals - 0.5, 1, 2, 8, and 24 hours - after injection
each rat was sacrificed with chloroform. Blood was obtained by heart
puncture from the opened thoracic cavity. The spleen, pancreas, liver,
kidneys, carcass, and foces were taken for analysis of radioactive cobalt.
The inside of the beakers and the wire screens were thorou;hly rinsed with
2N HCl and the resulting washings were added to the previously ocollected
urine., After the bladder had been ligated and removed, it was washed oub
with 2N HCl, the contents being added to the rest of the urine,.

Tith the exsention of the blood, the othar tissues and qxcreta were
ashed; dissolved in hot 2N HC1l, and made up to volume with distilled water,
Suitable aliquots were placed in one-half ounce gold-lacquerced tin ointmsnt
capsules, dried, and the radioactive cobalt prosent was determined with a
Geiger-Muller counter.

Suitable aliquots of whole blood were placed in tin ointment capsules
and treated in & similar manner., The total amount of radioactive cobalt in
the blood wes oalculated from the value for blood volume of 4.59 cece por
100 grams of body weight given by Berlin (9). This figure was obtained for
normel rn#s using both Fo59 labellod rod blood cells and P52 labelled cells.

In order to study visually tho distribution of 0060 in thé pancreas of
the rat the following experiment was performed,.

Pioces of pancreas stained supravitally with neoutral red were removed

from normal and alloxau diabetic rats 1/2 and 1 hour after they had received
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an intraporitoneal injoction of 52 micrograms of labelled cob&lt. &4 modifi-
cation of tho Haist technique (10) was used for visualizing the islets of
Langerhans, Small pisces of the pancroas werc squashed betwevn a slide and
cover glass, #Agfa No-Soroen X-ray film was affixod to the preparation and
the film was déveloped 25 days later.

RESULTS

Table I is & summary of the data obtained, The figures repreosent the
average valus from 4 or 5 animals expressed as the percent of the injocted
COSO‘

The data shows that of the five tissues and orgens studied, the liver,
in absolute terms, took up the largest amount of cobalt. Next in order of
magnitudo is tho panoreas, although &t 8 and 24 hours the smount remaining
in this organ is almost tho samo as that in tho kidnoys and blood. Both of
theso tissues havo a very similer cobalt content throughout the 24 hour period
following injoction and are intormediate in magnitude botween the paﬁcreas
and splacen.

The oxcretion of coblat by the kidneys is vory rapid, almost 70 porcent
of the injectod doso being recovered in the urine at the ond of onc day.

In contrast to this, not more than 2.5 percent of the injeoted dose is found
in the facos at the ond of 24 hours.

Thore does not soem to bo any significant statistioal difforence betwoen
the cobalt content of the pancreas in tho alloxon diabetic animals and tho
norra 1 controls. Neither do the liver, kidnoys, sploen, and blood show any
significant diffoerence in the cobalt uptake botween tho two groups. This is
also truo of the urine and fecas.

Figure 1 gives a graphic ropresentation of the distribution of labelled

cobalt in the liver, pancreas, blood, kidneys, spleon, urince, and caroass



TABLE I

Distribution of Co in Various Organs end Excreta of Normal and Alloxan Diabetic Rats

Time of sac- 1/2 hr. 1 hr. 2 hrs. 8 hrs, 2k hrs,

rifice after} —

inJection Alloxan |Control | Alloxsn { Comtrol | Allcxen |Control (Alloxan [Control | Alloxen | Coatrol
Liver 31.242.8%127.6+4.5) 28.3+1.8] 34.743.8] 19.841.7%21.243.3% |11.041.1% [9.340.5 | 5.040.9 | 6.340.8
" [Pancreas 8.5+1.9%| 9.340.7] 7.840.2| 8.941.5| 3.640.3%| 3.740.4% | 1.640.1% [1.640.1 | 0.540.0 | 0.5+0.0
Spleen 0.440.0%] 0.640.0] 0.440.0 | 0.3+0.0} 1.740.4%%| 1.940.3%| 0.140.0%[3.140.0 | 0.140.0 | 0.140.0
[Kidneys 3.240.3% | 3.040.3| 3.340.6 | k.2 40.3} 3.2:0.7#| 1.740.1%| 1.140.0%|1.140.0 | 1.340.5 | 0.840.2
Blood 3.040.3*| 2.140.3] 1.840.3 | 1.740.2 | 1.540.1%| 1.640.3*| 0.940.2%|1,540.2 | 0.540.0 | 0.640.0
Urine 6.842.8% | 8.5+1.3[22.3+2.1 | 19.5+1.4 | 28.346.6¢[37.645. 7% |52.41. 244 .343.1 188.045.2 | 65.142.1
Feces 0.040.0% | 0.140.0; 0.040.0 | 0.240.1 | 1.240.k*} 0.540.2%| 0.6:0.4%10.840.3 | 1.340.L | 2,541.0
Carcass 45,5+ . 7* [ h7.243.6133.343.1 [ 31.645.1 | 22.842.8#/18.342.5%113.542.1%|11.140.6{ 8.0+41.1 | 8.3+0.7
Total
Recovery 98.642.2% 198.7T41.4196.842.7 101.142.5 | 82.1+3.7%|86.5+3. 4% |B81.7+1.0%|90.143.1| 84.7+3.4 84.541.8

Values given are expressed as percent of the injécted Co60 for 5 animals + the standard error.

*Average value for 4 apimals,

6£8-~THOM
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at 1/2, 1, 2, 8, and 24 hours after injection, each point on the graph being
the average value from 4 or 5 animals.

From this giaph it can be seon that tho gonoral shape of tho curves for
tho distribution of Cof0 in the liver, panoreas, kidnoys, and spleon is vory
similar, Thore is & rolatively rapid deorsaso in the oobalt contont of those
organs within the first two hours aftor injection, This decroase gradually
becomes less repid from 2 %o 24 hours, the ourves for the kidneys and sploen
loveling off at around 8 hours,

Although the curve for blood rosemblos that of tho other orgens, thero
is a tendency for tho curve to fall extremely rapidly during the first hour.
Only the pancreas exhibits & similar rapid fall within the samo time interwval.

The curve for tho carcass is invefsely roleted to the curve for urinary
gxoretion. In the latter thore is & rapid rise within the first two hours
which thon lovels off,

Table II is a summary of the specifio tissue s«otivity expressed as percent
of dosa of radioactive cobalt per grem of tissue. Valuos are givon for tho
liver, pancreas, kidneys, spleoen, blood, and oarcass at tho five timo intervals
studiod in the experiment. A graphic reprosentation of this deta is givon in
Figuro 2,

The pancreas has the‘highest speocific activity, with tho liver, kidneys,
spleen, blood, and carcass having valuos decreasing in that order. Tho wvalues
for the kidneys, liver, and - pancress although quite different up to 8 hours,
bagin to convorge from that time on and are practically idontical at 24 hours.

The radionutographs of tho pancreas failed to show any localization of
tho €080 within the islets. Vherover & givon portion of tho slido oontainod
some pancreatic.tissue from either a diabotio animal or & normal control, the
corrosponding section of tho autograph showed a diffuse blackoning with no

indication of any soloctivo localization. From this rosult togother with the

- i
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Specific Co Tigsue Activity of Various Tissues qu Orgens of Normal and Alloxan Diabetic Rats

TABLE II

Time of sac- 1/2 nr. 1 hr. 2 hrs, 8 hrs. 24 prs.
rifice after - .
injection Alloxan Control| Alloxan | Control | Alloxan Control Alloxan Control } Alloxan|Cont,
Liver 2.hx 2.0 2.3 2.5 1.6% 1.8% 0.9% 0.7 0.4 0.5
Pencreas 7.0% 7.1 6.1 6.9 3,0% 3.3% 1.hx 1.3 0.4 0.4
Spleen 0.6% 0.8 0.6 0.4 2.8% 3,1% 0.1* 0.1 0.2 0.1
Kidneys 1. L% 1.2 1.6 1.9 1.5% 0.8% 0.5% 0.5 0.6 0.3
Blood 0.15% 0.08 0.08 0.08 0.08% 0.08% 0,05% 0.08 0.02 0.03
Carcass 0.19* 0.19 0.15 0.13 0.10% 0.09% 0.,06% 0.05 | 0.0k }0.Ok
Unlese otherwise indicated, each figure represents the sverage value for 5 animsals.
*Average value for 4 animals.
]
o)
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rosults obtained from the general distribution studios, it appoars that the
oobalt content of the pancreas is not concentrated in any particular rogion of
that organ, nor is it affectod by tho action of alioxan.

DISCUSSION

Tho rapid oxcretion of cobalt in tho urino within tho first 24 hours
confirms tho obscrvations of Copp and Groonborg (1).

All of the organs investigatod showed a relatively rapid upt&ke.of tho
isotope and an equally rapid loss from thesc tissuos, suggosting & high turn-
ovar rate at this dose level, No quantitative estimations of those ratos
wore made becauso the numbor of oxperimental points on the graph wero too fow
to pornit accurate anéilysis of the curvos,

The pancroas, liver, and kidnoys showed a relativoly high specifﬁc tissuoe
activity which confirms tho findings of Comar &snd his co-workers (7,8) that
the livor and pancroas took up rolatively large amounts: of the injectod cobalt
in comparison to tho other organs of the body.

From the data it :would appear that alloxan diabetos had no significant
affect on the distribution and excrotion of radioactivo cobalt in thoso animals,
Furthormoro, the rcsults of the gonersl distribution study of cobalt in tho
pancreas and the redioautographs of that organ fail to provido any ovidenco
suggosting that this motal might bo concontrated in tho islets of lLangorhonse
It appéars probable, thercfors, that tho cobalt is distributed throughout the
acinar tissue of tho pancrosas,

SUMMARY

A study was nade of tho distribution of Co%0

in various tissueos and orgeans
of normal and alloxan diabetic rats during tho first 24 hours following injoctioné
No significant statistical differences were obscrved betwoon tho two groups ‘
of animals., Ralioautographs of tho pancreas in the two groups failed to provide

any evidonce that tho cobalt in this organ might be concontrated in the islots

of langorhans,
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