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3.

INTERIM REPORT ON TWO-YEAR IXPERIMENTAL INHALATION STUDIES
OF BeSOq AT A LEVEL OF 4 pg Be/m®
By
Robert Root, C. J. Splegl, H., E. Stokinger et al. Tia

Abstract
i3 I

The f irst year (50 weeks) of the proposed two year BeSO«‘GHaO mist
W Sl
exposure at & desired concentration of h be Be/m? hes been completed. The
L LW J‘:
overall, spectrographically determined concentration for the first year was

Ty

3.8 ug Be/m with an extreme range of 2. 1 - 8 8 pg Be/m . .The animal data

dot; not indicate any poaitive results with the possible exception of tho

rat groups, The mortality of exposed rat greup (86%) was alightly higher
EOL0
than that of the control rat gronp (6&%)

- . A =t
RUgCE pEuH

Although data are incomplete in the two-year study of “the effectsz:
of a low level of BeSO4 in the atmosphere, it seems advisable to report-the
a

trends apparent after one year's (50 weeks) exposure.

Concentrat ion and Methods of Sampling: During the first 50 weeks>

of this experimenf, a concentration of BeSO4 mist was satisfactorily main-
tained at an atmospheric level of 3.8 ug .'Be/m3 with an extreme rangefofﬂ“f
from 2,1 to 8.8, Our goal of 4 ug Be/m® average for tne period of 2 years
thus appears to be easily attainable, ' . ounas

The primary standard for concentration is spectrograpnic analysis,
Two 3-hour samples are collected on filter paper during each 6-hour -day -
at an air-sampling rate of 14 liter-minute and are analyzed for total. Be::
content,

A .very useful secondary method has been developed. to obtain approxi-
mate concentrations rapidly and thus to permit adjustment of the aerosol- '
generating unit for hour-to-hour control. Samples are collected during

30 minutes of each hour by impingement of chamber atmosphere (2.1 cubic -

- -
v
! L
L
S d!
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feet/min) e.t sonic velocity on a metal plate coated with a water soluble
resin, 'The sample is then eluted with distilled water and analyzed colori-
metrically for Be by a method utilizing the formation of a Be naphthazarin
or alkanin 1ake (1). The mean of the colorimetric determinations was 2.0
ne .'Be/m with a range of 1.0 to 2, 9. Compared to spectrographic methods,
oo ‘the efficiency for this method weg only about 56% but nevertheleee fhe 3

LS

recovery was sufficiently constant for the purpoee of rapid chamber control.
 Animel Date: Glinical criteria of toxicity thus far ere either
negative or inconclusive. Only mortality ste.tietice for the rat appear to

&7

ehow a difference between experimente.ls and controls, but even in this case

S Ry

.....

the difference is questionable because it ‘mst be remembered the.t thie
species approaches the termination of its average life-span in about 18 to
20 monthe, In a group of.6Y4 rats exposed to BeSOs, 52 died (81%), whereas
26 of 40 control rats died (65%). One dog of 5 died during exposure, no:
control dogs; and 3 of 16 rabbite as compared with 4 of 12 control rabbits,
In no case could death be unequivocably attributed to the effects of Be; -
There ls.no sign thus far of typical acute Be poisoning, I

Clinical biochemistry and hematology are negative. Histologic ex=
aminations of tissues arenot yet complete. B

Diecueeion: Experimental difficulties in producing and controlling
an atmosphere containing the extremely small concentration of 4 pg Be/ma.-;'
im the form of BeSO¢ mist are being adequately handled and should present
no fcrther problems during the rest of the test,

The animal results of the past year, completion of ‘the data in pro-
cess, and the use of a suitable animal replacement schedule during the next
vear will, it is believed, give answers to-the questions propounded at-the

start of this 2-year experiment, .
13063
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1) Can L g Be/m® of a soluble-Beicompound be -considered as a
"minimal effect® level for inhalation?

2) Do any chronic 1esions develop in animals dnring a period of .

inhalation of Be that represente 8 coneiderable pe.rt of the life span?

i — o n R HECISPUPC SR

3) Wha.t ie the pattern of tissue deposition and. bodily retention' v

R A O B o 4 . J=RE S I Jo W a5 4 V.[m
d.oes a dyna.m:l.c equilibrium of 1ntake and. excretion 'become esta’bliahed when
— _ S Ju9I T L LiyaTaoT T tiewoxs 8yob

the intake is constant but not acutely overwhelming?
S 0D jatit

Bibliom
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1, Toribara, ’l‘ Y .and Underwood. A. Ia., Anal. Ohem., g_];, 1352 (19’49)
S0 gL 88y
Gucci M. V., Neuman W F., and Mulryan, B. J., Ana.l ch.em., 21,
1358 : (191;9) Dewsoney iAo sl . TR, L MLois? 38081
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6.

EXCRETION OF RADIUM BY DOGS AFTER A SINGLE INTRAVENOUS INJECTION
by

John B. Hursh
Abstract
Two adult dogs received 50 pc radium as an intravenous injection,
Daily urine and fecal samples were collected and analyzed. It was found that
dogs excreted respectively 45.7 and 46.5 per cent of the doge during the

first 10 days.

Background: In the course of preparing two dogs with radium burdens for
use in other experiments it was decided to collect and analyze daily urine‘and
feces samples. The measurement of the radium content of the samples is reported
below,

Method: Two adult beagle dogs sach received 50 pe radium chloride
solution as a single injection in the Jugular vein. Immediateiy before use
the injection solution was adjusted to pH 6.0. After the first injection an
amount equal to that injected was taken up into the syringe and discharged
into & bottle containing 20 ml of 5 per cent HCl. The contents of the bottle
were designated as the dummy injection. The value of 50 uc accepted as the
dose is based on analysis of this solution and is equal to 97 per cent of the
value calculated from the activity of the radium stock solution.

Tach dog was placed in a metabolism cage and daily urine and feces
sampleé were collected for a period of 12 consecutive days. Subsequently
spot samples were collected.as tabulated in the results, The urine drained
into a glass bottle containing 25 ml of 3,0 N HCl. The feces were scraped
from the stailnless steel bottle tray and transferred to tared pyrex beakers

conteining 200 ml 3.0 N HCIL.
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The total urine volume was measured and a suitable aliquot was

digested with 10-25 ml concentrated HNO The clear digested sample was

5°
transferred to a deemanation flask and analyzed for radium by the deemanation
method (1),

The fecal sample stood in acid for 24 hours and then was homogenized by
mechanical stirring, weighed,. and an aliquot (ca 25 gm) was transferred to a
tared Kjeldahl flask. The weight of the sample was determined by reweighing
the remainder in the beaker and checked by weighing the Kjeldahl flask plus
sample, The sample was digested with the concentrated nitric and perchloric
acid.technique (1). An aliquot of the digested sample was measured for radium
according to the same techniques used for the digested urine samples,

Results: The results are presented in table 1 (page 8 ) and Figures
1 and 2 (pages 9, 10). The data agree with those obtained by Forris and
Kisieleski (2) using rats in the sense that the experimental points fall along
a straight line on a log-log plot as shown in Figures 1 and 2. The rat

excretion was about 37 per cent of the dose at 10 days as compared with

45,7 per cent dose and 46.5 per cent dose for dogs No. 151 and 153 respectively.

Bibliography
1. Hursh, J. B., and Gates, A. A., Nucleonics, 7, Fo. 1, 46 (1950).

2. VNorris, W. P,, and Kisieleski, W., Cold Spring Harbor Symposia on
Quantitative Biology, Vol. XIII, 164 (1948).
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“11.
STUDIES ON THE QUANTITATIVE SEPARATION OF PROTEIN BOUND IODINE FROM IODIDE
W. B. Mason, S. ggco and K. Knight
Abstract
Citrated plasma obtained from & patient on the fourth and fifth days after
administration of 10 me. I-131 for hyperthyroidism has been used to study the

separation of protein bound iodine from iodide. The data indicate 93% (0=3) of the

plasma activity to be due to labeled PBI. Separation of proteins by dialysis, or by

precipitation with cold 5-15% trichloracetic acid, with acid ZnS0), + NaCH, with
CusSQy, + NadH, or with CuSQ) + Nééwoh results in no appreciable loss in PBI. Pre-
cipitation with ZnSOl + NaOH, with NasWOy + HoSO) or with trichloracetic acid at
room temperature appears to be incomplete. The most satisfactory separation of PBI
from iodide is by dialysis. Todide is easily removed from the trichloracetic acid
precipitate by washing with cold 4-10% trichloracetic acid, but after four washings
the loss of PBI amounts to approximately 8%. There is little loss of FBI when the
Zn(OH)g or CuWoO) precipitates are washed with water, but after four washings some
10% of added iodide remains.

An excellent opportunity for evaluating various procedures for the separation
of PBI from 1odide recently arose due to the necessity of performing phleﬁotomy on a
patient receiving I-131 for hyperthyroidism. Roughly 170 mi of blood were removed
on the fourth day after oral administration of 10 me. I-131. The following day an
additional 460 ml were removed. In each instance, the blood was drawn into a regular
Baxter Bottle containing 2.94 gm dextrose, 1.64 gm sodium citrate, 0.60 gm citric acid
and 120 ml1 water. Due to differences in dilution, the clear supernatants had different
absoluté activities, but were otherwise indistinguishable so far as the present experi-
ments were concerned. Acfivity measurements were made with the aid of a sensitive
gamma counter recently developed by the Medical Physics Section for measuring the
activity of solutions contained in 25x150 mm test tubes. Without this instrument the
present study would have been impossible.

Based on the Poisson distribution for counting rates, the standard deviation

UR 01855



12.
(o) for the data reported in the following sections is roughly 3.

I. Dialysis:

Dialysis from a cellulose sausage against a slow stream of distilled water
(0.09 I/1) resulted in a 7% loss of activity in two hours. As shown in subsequent
sections, precipitation with various reagents carries down 92-93% of the initialv
activity. It may therefore be concluded that some 93% of the plasma activity repfesgnts
labeled PBI. '
S Dialysis for 2 hours removed 90% of the activity due to added iodide containing
. I-131 as iodide. Removal of iodide is roughly first order with respect to iodide
concentration.

Data are summarized in Table 1.

Table 1
Percentage Inltial Activity After

Dialysis For
30 60 90 120 1o0

Contents of Dialysis Sac min. min. min. min. min. e
3.00 ml plasma (Bottle I) 93 93 96 -- - S
duplicate i 91 97 92 - -
3.00 ml plasma {Bottle II) - e= -- 93 93
duplicate . - 96 - 93 91
3.00 ml plasma 375y iodide¥ 51 - 19 13 -
duplicate Ly - 17 5 --
3.00 ml plasma 0.11) iodide* Ls 25 15 7 --
duplicate 52 32 21 13 -

¥  Activity measurements corrected for activity due to labeled PBI

II. Trichloracetic Acid:

Precipitation from cold (5-8°C) trichloracetic acid in concentrations of S5-
15% give results in good agreement with those obtained by dialysis. Precipitation
is incomplete with cold trichloracetic acid in concentrations of 2-1/2%, 17-1/2% and

20%. Precipitation at room temperature is nearly complete from 5% acid, but incomplete ‘
from 10%. The precipitate may be washed equally well with cold 4-10% trichloracetic: o
acid, but the loss of activity totals 8% after four washes. Slightly more activity.
is lost when the precipitate is washed at room temperature with 5% acid. Activity‘

is rapidly lost when the precipitate is washed with water, or with cold 1-2%

P130bUE " UR 01856
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13.
trichloracetic acid.

The initial precipitation carries dowvn 12-22% of added.-iodids,
but this can be nearly completely removed by washing with dilute tri-
chloracetic acid.

Data are summarized in Table II-A and Table II-B.

Table II-A

Trichloracetic

Acid Conc.(%) Percentage of Initial Activity in
Temp. DPrecip- Wash Super- Precipitate after being washed

(C.) itation Sol. natant x Ix 2 3x Ix ' .
22-25 '5 0 - 92 8% 45 9 - |
duplicate - 9% 83 57 12 -

22-25 5 5 - 91 8 8 8 -
duplicate - & 91 719 8 -
22-25 10 10 - 8% 8 8 81 18 -
duplicate - 86 89 86 83 9 ,;
5-8 21/2 - 7 - - - - - |
5-8 5 - 4 92 - , - - - 5
5-8 5 1 7 - - - - 55 -
5-8 5 2 3 - - - - 67 —
5-8 5 L 3 - - - - 84
5-8 5 8 3 - - - - &
5-8 7 1/2 6 5 - - - - 84
5-8 10 - 5 95 - - - -
5-8 12 1/2 10 5 - - - - 8
58 15 . - 5 ®° - - - -
5-8 17 1/ - 7 - - - - -
5-8 22 - 9 - - - - -

Nojes: Initial activity measurement made om 3.00 ml plasma and 12 ml water
in a 25x150 mm pyrex test tube; and 15 ml trichloracetic acid having twice
the desired final concentration added slowly with constant mixing.  After 1
hour, solution centrifuged and supernatant aspirated into a second test
tube for activity measurement. Precipitate washed with 15 ml portions of
wash solution. Activity of precipitate measured after resuspension in 15
ml wash solution. Refrigerated centrifuge (5°C.) used for work with cold
solutions, '
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Trichloracetic
Acid Conc. (%)
Precip- Wash
itation Sol,

Temp.
(C.)

22-25 10 10
duplicate

22-25 5 10
duplicate

5-8 10 8
duplicate

1k,

Table II-B

JTodide Percentage Iodlde Remaining

Added After Precipitate Washed

@ Tx x &= x k&

0.11 12 6 4 2 -
13 b L 1 -

11. 18 Yy 2 Q -
18 4 2 1 -

0.16 22 10 6 4 3
21 9 5 4 3

Notes: Initial activity measurement made on 3.00 ml plasma and 12 ml

water in a 25x150 mm pyrex test tube.
" of-I-131 (as iodide) added and the solution made uniform.

Iodide containing a known amount

chloracetic acid having twice the desired final concentration added
After 1 hour, solution centrifuged and

slowly with constant mixing.

gsupernatant removed by aspiration.

wagh solution for activity measurement.
and activity measurements repeated, using 15 ml portions of wash

solution.
solutions.
PBT.

III. Zinc and Copper Hydroxides:

Precipitation from an acid zinc solution with sodium hydroxids

Precipitate resuspended in 15 ml

Centrifugation, aspiration

Refrigerated centrifuge (5°C.) used for work with cold
Measured activities corrected for activity due to labeled

gives results comparable to those obtained with trichloracetic acid

and by dialysis. The precipitate undergoes no appreciable loss in

acﬁivity when washed four times with diatilled water. The initial pre-
cipitation, however, carriea down 36-40% of added iodide, and this is

incompletely removed by subsequent washing with water,

cedures for precipitation with zinc hydroxide give less satisfactory

reqults, perhaps due, in part at 1east, to the relatively large amounts

of ciltrate and dextrose present in the plasma. Precipitation with

copper hydroxide appears to be complete.

Data are summarized in Table IIIT.

15 ml tri-

Two other pro-
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Table ITI

Iodide Percentage Initial Activity

Added After Precipitate Washed
Note Procedure (7) ox x =  x  Ax
A Acid ZnSO), + NaOH  -- 92 95 90 -- 91
duplicatd 88 %2 4 -- 9%
B Acid ZnSO + NaOH 11 6 18 12 -- 8
duplicate 40 20 11 -- 8
C  ZnSO, + NaOH g8y 8 - 178 -- --
duplicate 82 82 77 -- --
D ZnSo), + NaCOH - 81 67 66 66 -
duplicate , 5 69 7L T3 -
duplicate . 80 Th 73 - -
duplioate 80 h - -— -
E CusOy, + NaOH -- 94 92 87 - .-

91 -- 92 -- -
Notes:

A. 3,00 ml plasma and 24 ml acid ZnSOy solution (12.5 gm
ZnS0), *TH,0 and 125 ml 0.25 N E280) per liter) made uniform in a 25 x
150 mm pyrex test tube and 3.0 ml 0.75 N NaOH added slowly with constant
stirting. 50.0 ml -acid ZnSO, solution requires 6.72 ml NaOH to the
phenplphthalein end point. éolution centrifuged and the supermatant
removed by aspiration. Activity measurements made with precipitate
‘resugpended in 15 ml distilled water. Precipitate washed with 15 ml
portions of distilled water.

B. Procedure same as in A, except add iodide containing I-131
(as jodide) to serum and meske uniform before adding acid ZnS0y solution.
Activity measurements corrected for activity due to labeled FPBI.

C. 3.00 ml plaesma, 21 ml distilled water, and 3.0 ml ZnSOj
solution (100 gm ZnS0)°THoO per liter) made uniform and 3.0 ml 0.5 N
NaOH added slowly with constant mixing. 10.0 ml ZnSO) solution re-
quires 11.0 ml NaOH to the phenolphthalein end point. Balance of
procedure same a8 In A.

D, 3.00 ml plasma, 15 ml distilled water, and 2.0 ml ZnSO)
golution (100 gm ZnS0),° THoO per 1iter) made uniform and 2.0 ml 0.5 N
NaOH added. 10.0 ml ZnSOj solution required 10.8 ml FaOH to the
phenplphthalein end point. Balance of procedure same as in A.

E. 3.00 ml plasma, 21 ml distilled water, and 3.0 ml CuSOy
solution (10.0 gm CuSOy*5H,0 dissolved in 90 ml HaO) made uniform and

3.0 ml1 0.50 N NaOH added slowly with constant mixing. Balance of pro-
cedure same as in A.

13000
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IV. Tungstic Acid and Copper Tungstate:

Precipitation of PBI with copper tungstate is cdmplete and there
is little loss when the precipitate is washed with water. The initlal
precipitation, however, carries down 42-43% of added iodide. One washing
with wvater reduces this to 23%, but 11-12% remains after four washings.
Precipitatiqn with tungstic acid appears to be slightly less complete

than with copper tungstate. The precipitate can not be washed with

water.
Data are summarized in Teble IV,
Table IV
Todide Percentage Initial Activity
Added After Precipitate Washed
Note ) ® x o= & &
A CuS0), + NaoWO) -- 93 - 90 -- 91
duplicate 9k -- 92 - 91
B CuS0) + NagWo, 11 3 22 16 12 @ --
duplicate ko o4 18 11 --
c Na W0, + 0 -- 90 9L 91 T0 --
duplggateﬁes 4 91 91 80 58 --
Notes:

A. 3,00 ml plasma, 21 ml distilled water, and 3.0 ml CuSQj
(5.0 gm CuS0y,°5Ho0 per 100 ml) made uniform in a 25x150 mm pyrex
test tube and 3.0 ml Na WO (6.0 gm NagWOy,°2Ho0 per 100 ml) added
slowly with constant mixing. Solution centrifuged and the supernatant
removed by aspiration. Activity measurements made with precipitate
resuspended in 15 ml distilled water. DPrecipitate washed with 15 ml
portions of distilled water.

B. Procedure same as- in A except ilodide containing I-131
(as 1odide) mixed with serum and water before CuSOy solution added.
Activity measurements corrected for activity due to labeled FBI.

Co 3,00 ml plasma and 24 ml distilled water made uniform and
1.5 ml NagWOh solution (100 gm NaoW0), °2E50 dissolved in 1 liter Ho0)
slowly added with constant mixing. %.5 ml 0.66 N HgSOu added dropwise
with constant mixing. Balance of procedure same as in A.

P
<7
g
fon
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V. Summary:

Citrated plasma obtained from a patient on the fourth and fifth
days after administration of 10 mc. I-131 for hyperthyroidism has been
used to study the separation of protein bound fodine from iodide.

The data indicate 93% (0=3) of the plasma activity to be due to
ldbeled PBI. Separation of proteins by dialysis, or by precipitation
with cold 5-15% trichloracetic acid, with acid ZnSOy + NaOH, with
CnSOh + NaCOH, or with CuSO)y + Nagwoh results in no apprecisble loss

in PBI. Precipitation‘with ZnSOh + NaOH, with_Nhewoh +-H280h or with
trichloracetic acid at room temperatura appears to be incomplete. The
most satisfactory separation of PBI from iodide is by dlalysis. Iodide
is easily removed from the trichloracetic acid precipitate by washing
with cold 4-10% trichloracetic acid, but after four washings the loas
of PBI emounts to approximately 8%. There is little loss of FBI when
the Zn(CH)o or CuWoy, precipitates are washed with water, but after

four washings some 10% of added iodide remains.
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TEE PREVENTION OF X-IRRADIATION INDUCED HYPERGLYCEMIA
IN RABBITS BY MEANS OF INSULIN
by .

L. T. Steadman and 4. J. Grimaldi
Abstract

The hyperglycemia produced in rabbits by whole body x-irradiation
reaches a maximum in about 4 héurs after the start of the irradiation,
-For a dose of 2000 r the plasma glucose, which is normally about 130 mg
per cent, is elevated on the average to a value of 320 mg per cent with
occasional values over 500.mg per cent. When regular insulin is injected
subcutaneously, 5 units at the start of the irradiation and 5 units more
in 3 hours, the rise in plasma or cell glucose is prevented from occurring
in practically every instance. Smaller amounts of insulin are sufficient

to prevent the hyperglycemia for lower doses,

Background: In a previous Quarterly Technical Report Thompson
and Steadman (1) presented data on the temporary rise in blood glucose
levels in the rabbit following whole body x-irradiation. ‘The magni tude
of the dose administered varied from 65 to 2000 r. The radiation was
delivered by a Picker Industrial X-ray machine operated at 200 kv peak
and had a half-valus-layer of 1.6 mm of copper. An increase in plasma and
red blood cell glucose concentration was observed to occur almost immediately
after the start of the irradiation with a maximum elevation in about 4 hours.
Thereaf ter, the hyperglycemia subsided about as rapidly as it arose and in
24 hours the blood sugar level was back to a normal value. Xor a dose of
1000 r, for instance, thé plasme glucose level changed, on the average,
from a normal value of about 135 mg per cent to & maximum &t 4 hours of

about 300 mg per cent., The magnitude of the hyperglycemia increased with
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the dose of irradiation. However, there was considerable individual

variation in the response to irradiation and occasionally very much higher
values (500-800 mg per cent) were found, especially in subsequent experiments °
with doses above 1000 r. In some of the instances of large hyperglycemia the
animal succumbed immediately.

1t is, therefore, possible that an extreme hyperglycemia following:
irradiation may have some significance in the explanation of the so-called
initial shock state and early deaths in animals such as the rabbit.

The appearance of hyperglycemia in other laboratory animals was-
found by Kohn (2) to develop more slowly and apparently to be not as severes,
He found that with rats, irradiated with 600-900 r, the plasma glucose -level
rose to 210 mg per cent in 2 to 3 days. Guinea pigs hehaved much the same,
Prosser, Painter, and Swift (3) determined in a few dogs that a dose of.

350 r produced in 5 to 9 days a slow increase of only about 20 mg per cent
above the normal valus.

Since the importance of insulin in carbohydrate metabolism is well
known, and it has been stated (4) that the administration of insulin will
prevent or reduce a hyperglycemia from whatever cause, it was of interest to
determine whether the hyperglycemia induced by irradiation also could be
prevented by the use of insulin, Furthermore, should the lipemia which in.
the rabbit frequently appears on the first day after irradiation be related
to the previous disturbance in carbobydrate metabolism, then a study of the
sffects of insulin might have some bearing on'the explanation of the elevation
of lipids.

Methods: In order to test the effects of insulin administration the

experiments mentioned above (1) were first extended considerably in order to

[
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have more animals in the control series and to obtain a better evaluation

of the magnitude of the hyperglycemia as a function of the dose of irradiatiom,
The methods used were essentially as described in the previous report, and

the earlier results have thus been incorporated into the present data.

In the conduct of the first experiments two particular procedures
were used which require additional comment, namely, the use of anesthesia
énd the shielding of the head. It was found initially that, with the rabbit
fastened tc an animal board and irradiated with small doses (50-100 r), the
rise in blood glucose was much higher than was expected from extrapolating the
values obtained for higher doses to a zero dose of irradiation, that is, the
threéhold dose for elevated glucosé appeared to be very low. Subsequently,
it was found that some animals exhibited a considerable hyperglycemia merely
on being tied to the board without being irradiated. Therefore, in order to
have a reliable determination of the effect of small doses not complicated
by the effects of alarm stimuli, the procedure of anesthetizing with nembutal
was instituted, which proved to be satisfactory. Bowever, for a fundamental
study of the effects of insulin 1% did not seem advisable to give insulin
and nembutal at the same time and thus tests were made without nembutal for
the higher doses of ifradiation. The results, to be given later, show that
with high doses of irradiation the use of nembutal is not necessary, the
magni tude of the hyperglycemia found is not significantly affected by the
presence or absence of the anesthetic.

As stated before, the heaﬁ and neck shield was employed because;
otherwiess, many of the animals receiving doses of 1500 to 2000 r developed
a nasal discharge in the first day or two and died of suffocation, which

trouble unduly interfered with the course of the experiment. The secretion
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would dry up around the nostrils and along with material picked up from-the
bottom of the cage gradually would seal off the nasal passages. Apparently
the rabbit has not learned to breathe through the mouth in such an emergency.
From subsidiary experiments on irradiating only the head it was concluded that
irradiation of the head made little contribution to the hyperglycemia following
whole body i;radiation. More recently, however, the nasal discharge hazard
has been eliminated somewhat by cleaning away the secretion periodically a;d.
by placing the animal on & wire mesh floor away from the beddiﬁg. The .
measurements to be given below show that the magnitude of the hyperglycemia
is essentially the same whether the head is shielded or not, .
Glucose determinations were made on a pre-irradiation sample obtained
a day or two before the irradiation and on samples taken at 2, 4, 6, and 24
hours after the start of the irradiation., The duration of the irradiation:
was epproximately one hour for each 1000 r. 3Blood samples were obtained by
heart puncture ueing heparin\as the anticoagulant. Both plasma and red blood
cells were separately analyzed. S e
Measuremente of the plasma total lipld wers also made on }he same - -
animals on samples taken at one and two days as a continuation of the = -
experiments of Steadman and Thompson (5). It is intended, however, that the
lipid studies will be discussed in a separate report. T et

Administration of Insulin , 158 AW

The rationale for the treatment with insulin for the purpose of
preventihg the hyperglycemia was arrived at from a consideration of the work
of Scott and Fisher (6). They found with fasted rabbits that the subcutanéous
inJection of 2 units of regular insulin per.kilogram produced a hypoglycemia

which was fully developed in 2 hours (plasma level of 50 mg per ceant), but the.

P130653
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effect of the insulin had about disappeared by 6 hours after the injection.
With the injection of the same amount of protamine-zinc insulin the maximum
depressioﬁ of the blood sugar occurred at about 2.5 hours and the effect
lasted for about 10 hours,

After some initial experiments using varying amounts of either type
of insulin administered by subcutaneous injection in the hind leg and injected
at different times relative to the start of the irradiation, it was found
that the hyperglycemia could be prevented if the regular insulin were
administered at the start of the irradiation. With the higher doses of
irradiation the hyperglycemia could be controlled more effectively by increas-
ing the insulin dosage and by giving a second injection at 3 hours after
the first. ’The protamine-zinc insulin seemed to have some effect in lowering
the plasma glucose, but its ability compared with the regular insulin was
small, Consequently, the insulin studies were carried on principally with
the use of the regular insulin. Since all of the rabbits were about the
same in weight (7.5 to 9 pounds) the insulin dosage was the same in each case.
The dose was 2.5 units for the 1000 r irradiation dose end for the 1500 r and
2000 r doses 5 units were injected at the start of the irradiation and 5 units
more were injected 3 hours later. The preparation used was Iqsulin Squibb,
40 units per cc, made from zinc-insulin crystals. The protamine-zinc insulin
was also made by the same company.

Rosults and Discussion: The data on plasma glucose levels following

different irradiation doses for the control rabbits and the insulin-treated
animals are presented in the main in summary form as averages for each experiment.
The number of animals in each experiment is given and the conditions of the

experiment are designated. However, the individual results for all of the
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animals in a series are shown in two instances to illustrate the typical
individual variation.

From table 1 (page 27) it is seen that the hyperglycemia has a maximum
at 4 hours and that the magnitude of the rise in glucose increases with the
dose. The accompénying graph, figure 1 (page 26), shows & plot of the maximum
elevation versus r dose. The maximum value for Experiment 3 wherein.the animals
were not anesthetized 18 indicated by a delta,/\, and 1t is observed to fall
on the curve for the other experiments showing that with relatively high doses
of irradiation it is not necessary to anesthetize the animal when determining
the effect of irradiation on the blood glucose levels. |

A comparison of Experiments 3 and 4 shows that'shielding the head gives
results which are not significantly different from irradiation of the whole
body. Also a comparison of the data from Experiments 5 and 6 indicates further
that anesthesia is not important as a depression of alarm stimuli when
relatively high doses of irradiation are employed.. Table 2 (page 28 gives
the results for the individual animals in Experiment 6 which was for a dose
of 2000 r, the head being shielded and the animal not anesthetized. Although
the simple numerical average gives the maximum glucose elevation as occurring
at 4 hours, an inspection of all of the individual data, including as well
the 500, 1000, and 1500 r values, indicates that the maximum effect may be
shifting somewhat toward an earlier time as the dose is increased.

In table 3 (page 29) is presented the results obtained with insulin
treatment. With the single injection of insulin at the start of the irradiation
(Experiments 7 and 8) there is the indication from the slightly elevated
values on the sixth hour that the insulin is losing its effect by this time.

The individual data and a few results obtained with single doses of insulin
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with 2000 r show this insufficiency more strikingly. When, however, the -insulin
dosage is prolonged there seems to be practically complete protection.

The individual values for Experiment 10 are given in table 4 (page 30).
With one exception, the No, 969 value at the second hour, the hyperglycemia is
under control and in many instances & hypoglycemia was produced. It may have
been that one or two of the animals in the experiments died in hypoglycemic
.shock but the evidence is mainly circumstantial. They had plasma sugar levels
below 50 mg per cent but died unobserved during the night without any other
apparent cause of death. On the other hand, no convulsions due to hypoglycemia
have been seen in any of the experiments when irradiation was involved.

Since a hypoglycemia has been produced in several instances with the
insulin after the fourth hour, it is postulated that the liver glycogen must
have been depleted during the first 4 hours and was the source of the excess
plasma glucose because ordinarily a demonstration of hypoglycemla by insulin
is effected with a fasting animal. As a matter of fact, Rother (7) measured
the glycogen content of the liver in the rabbit following irradiation and
found i% to have been markedly reduced. It seems plausible therefore that the
irradiation causes, somehow, a mobilization of the liver glycogen into glucose
and that the normal supply of insulin in the animal is not sufficient to
prevent the rapidly developing hyperglycemia although it is effective in
restoring the blood glucose to normal levels in 24 hours, otherwise there-:-
would be a permanent eslevation &s ina diabetic individual,

The average .values for the insulin-treated animals are alsé plotted
in figure 1 (page 26) for comparison. Three other animals were also treated
with insulin and irradiated with 2000 r dose without anesthesia and without

a head shield. The hyperglycemia was also prevented. This test serves as:

1 130b5b
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a check on the procedure in the case of whole body irradiation. The red
blood cell glucose levels in the above experiments with insulin were similarly
found to be maintained at a normal level. Thus the effect of the insulin on the
course of the hyperglycemia induced by whole body x-irradiation seems to be
wgll in accordance with its properties of reducing hyperglycemia caused by
other conditions or agents,

The effect of the insulin administration on the appearance of the
lipemia is not as definite or as marked. There seeme to be a reduction in
the total lipids but the variability of the data obtained in the above
experiments doeg not permit a reliable conclusion as yet.

The present experiments were not very well adapted to proving whether
or not the use of insulin, with the resulting absence of hyperglycemia, has
a beneficial effect on the clinical appearance or early mortality of the
animals. This is because several bl&od samples were taken in a short time,
and with the large doses of irradiétion, particularly, there was a high incidence
of death within 2 days due to damage from the heart punctures. In these, cases
of eariy fatality a severe hemorrhage into the pericardium or the chest

cavity was found which presumably was related to a long blood-clotting time,
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TABLE 2

PLASMA GLUCOSE IN MILLIGRAMS PER CENT
200 KVP X-RADIATION EVL 1.6 MM COPPER

(Controls - Experiment 6 - 2000 r)

Animal Time After Start of Irradiation im Hours
No. Pre-Irrad. 2 L 6 24
953 137 360 375 160 106
955 115 264 286 272 80
$58 160 210 214 152 105
959 122 222 202 - 135 104
962 122 230 236 234 214
966 120 340 305 230 190
970 135 256 216 260 145
o7l 162 365 540 510 ol
976 107 273
982 142 415 385 218 130
Average 132 294 307 2 130

30600
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PLASMA GLUCOSE IN MILLIGRAMS PER CENT
200 KVP X-RADIATION HVL 1.6 MM COFPEIR

(Insulin Treated - Experiment 10 - 2000 r)

30.

TAB

IE 4

Animal Time After Start of Irradiation in Hours

No. Pre-Irrad. 2 L 6 2l
954 149 116 110 86 121
956 107 102

957 117 130 50 5k 51
960 131 140 135 140 56
961 110 82 67 53

965 119 104 85 102 145
969 120 - 2k8 160 129 59
973 187 126 86 123 121
975 110 118 120 95 97
981 173 135 118 117 118
Average 132 130 104 100 96

]
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PROTECTION OF THE-X IRRADIATED DOG WITH EXTERNAL ABDOMINAL SHIELDING
M. Coulter ng R. Miller
Abstract

Sixteen adult dogs that were survivors of 525 r 1 MEV x-irradiation wére
exposed 3 months later to 525 r of 250 KV x-irradiation. One-half of the dbgsniad'
their entire sbdomen shielded with 1/8 inch lead during exposure. None of tﬁe ;.
' ehielded dogs died, while all of the control dogs were dead by the 23rd day after
irradiation. The WBC count fell in the customary fashion in éhe control dog%;.5;¥ )
none of the shielded dogs developed WBC counts of less fhan 1500. It is evi&ent
that abdominal shielding will still protect a dog that has survived a previous LD S0

of total body rediation.

e
- aw =

Lead shielding of the exteriorized spleen during exposure increases.the:
survival rate of enimals expdsed to a lethel dose of x-irradiation. Jecobson:has
shown this to be trug in mice, rats and guinea pigs (1,2,3). A previous report from
thls laboratory indicates thaf lead shielding of the exteriorized spleen was. effective
in reducing x-irradiation mortality in dogs (4). o

It was felt that external shielding of the whole abdomen might provide.a more
practical approach to the prevention of the acute radiation syndrome. Further;nvith
this method, one could determine the totel cumulative dose of irrédiation from T
repeated exposures which a shilded animal could survive and study the hematologic
changes accompapying repeated doses.

In this study 16 adult dogs which were survivors of 525 r 1 MEV x-irradiation
vere re-exposed 3 months later to 525 r of 250 KV x-irradiation. One-half of the
dogs had their entire abdomens shielded with 1/8 inch lead during the exposures.
Animals were radiated in pairs comprised’of one non-shielded and one shielded dog.
The dogs were anesthetized and laid on their backs during the radiation.

Results: None of the shielded dogs died, while all of the control dogs were

dead by the 23rd day post-radiation.' The gross pathology in the control dogs that
UR 01875



32.

died was typical of that found in the acute radiation syndrome; severe hemorrhage of
the lungs and/or gastro-intestinal tract being the predominant cause of death.

The average white blood cell count of the dogs at the beginning of this
experiment was lower than that obtained before the dog had received any radiation.
The average count was approximately 11,000 when the dogs were received into the cdlohy
and approximately 7,000 before the 2nd radiatioﬁ; which was 3 months after the firsf
radiation. Therefore, it may be possible that hematopoietic recovery'was still
incomplete 3 months after the first expoéure.

Following the second exposure, the white blood cell count fell: to lower levéis
in the control than in the shielded dogs as shown in Graph I (page'3h). None of '
the shielded dogs had a white blood cell count below 1500 in the post-irradiation
period. There was no significant difference in the platelet values between the 2
groups, Graph II (page 3h). No significant differences in the hematoerit values
were noted between the groups for the first 9 days post-radiation. From this time -
on the values were much lower in the controi group. During this period the gremtest
mortality in the control dogs occurred.

Discussion: This method of external abdominal shielding does not give one
any definitive data regarding the mechanisms and organs involved in the protection
afforded the animal. Usips'this technique, some vertebrsl marrow, as well as the
abdominal orgens, is shielded. However, it will be of practical interest to determine
how many exposures to a large dose of x-irradiation a dog can sﬁrvive. It is planned
to re-expose the survivors of this study at approximately 2 to 3 months intervals

to the same dose of x-irra@iation and, to protect them with abdominal shields.
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Preliminary Report on some Clinical Features of

the Radiation Syndrome Complicated by Induced Infection
. o
Miller, R. W. and Coulter, M. P.
ABSTRACT

A preliminary study of the effects of induced sepsis and peri-
tonitis in the radiated (1D5O) dog is presented. 100% of the animals
infected died and the morbidity rate was very high. The WBC count, and
hematocrit did not reflect the presence of infection. A high incidence
of terminal unrestrained growth of bacteria in the blt;od stream ocpuzired.
The gross pathology of the animals with sepsis showed changes indisting-
uishable from those of the uncomplicated radiaticn syndrome except for the
severe hemorrhages in the kidney cortex. This anatomic area was much
more extensively involved than usual. The value of a prophylactic broad
spectrum antibiotic is discuésed..

The human radiation casualty is apt to suffer concomitant
infection as a consequence of wounds, burns, epidemics, or from dormant
pre-existent foci of infection. The purpose of these studies 1is to
determine some of the clinical and pathologic features of the radiation
syndrome when combined with infections of varlous types.

A. Induced sepsis:

Methods: A group of mongrel dogs consisting of 12 males and 13

 females was divlided and treated as follows:

(1) 9 dogs: x-irradiated plus intravenous staphylococcus aureus

intermittently post-irradiation.
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(2) 9 dogs: radiated controls.
(3) 7 dogs: injected as in group (1). No irradiation.

X-ray factors: 250 KV 15 ma planocconvex aluminum filter with 0.5

mm copper, 7.6-8.0 r/minute, 450 r total dose.

Bacteriologic factors: 4.5-18.0 x 1010 pacteria*x were injected into

a jugular vein on the 2,6,9,13 and 16th days following lrradiation.

One cc of blood was drawn for culture before the bacteria were injected
and 1 cc of blood was obtained for culture 24 hours later. Coloﬁies
were counted 24 hours after the pour plates were made.

Hematology:

3 control hematocrits and white blood counts were secured.

These dsterminations were repeated on the 2,6,9,13 and 16th days post-
radiation.

The white blood count was determined 1/2, 1,2,3,4, and 24 hours |
after the first two bacterial injections (2 and 6th days) in 4 radiated
dogs and 4 non-radiated animals.

Pathology:

Autopsies included an examination of all organs but the brain.

Sectlons were taken for microscopic study but have not yet been revieved.

EEG's:

Leads used were AVR, AVL, AVF, and two precordial leads: one from
the 3rd interspace Jjust to the left of the sternum and the other was
in the 5th interspace in the midclavicular line. 3 control records were
ocbtained. Following the day of irradiation all dogs had daily EKG's
until all the infected radiated animals had succumbed. Then EEKG's were
. sBecured every other day on.the radiated controls.

* Staphylococcus aureus, American type culture collection #9801.

11300679
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Results: Mortallty:

Treatment No. of dogs treated # died Day of death
Radiation + sepsis 9 9' 6 - 18
Radiation 9 3 T, 15, 27
Sepsis T i 0 @ =« =
Bacteriology:

All dogs recelving the intravemous bacteria had positive blood
cultures during the experiment. 4 of the radiated infected animals.had
500 colonies or more per cc of blood, usually Just before death, while
only one controi had more than 200 colonies (500). 3 radiated infected
dogs died 36-60 hours after their last blood culture had been obtained.
The possibility exists that thelr colony count would have been higher
had the blood been cultured at & time closer to their deaths. el |
Hematology: . , ¢ rep

(a) Hematocrit: There was a gradnal linear dscline in the hemtécrit
levels beginning the 6th day post-irradiation (Graph I). The values of
the infected non-radiated animals fell too, so that until the 9th day,
at least, no difference could be found in the hematocrit levels for any
of the three groups. However, there was r;o summation of depressant
effects in the dogs who were both irradiated and infected.

(b) WBC:' The usual exponential decline in white blood cell conn;.s
of both the radiated controls and the radiated infected animals was
demonstrated (Graph II). No difference b-etween the two groups was
detectable.

Neither the infected conmtrols nor the infected radlated dogs
dispiayed. a leukopenia or leukocytosis within the first four honrs_ of

the injection of the bacteria. The infected controls did have a marked
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leukocytosis 24 hours later, which was not displayed by the radiated in-
fected animals (Graph III).
EEG: |

The table summrizes the markedly positive findings. More subtle
changes will be reported after further studlies of the records obtealned

have beenr-mads.

EKG changes Radiated-infected dogs Radlated dogs Infected dogs
S - T displacement L/9 3/9% 6/7
Tncreased QRS tims . 2/9 ) 0 0

* 2 of these dogs had gross pathologic changes of severe infection.
Pathology:

All but one infected radiated dog had very markéd. hemorrhages in
the renal cortex, & finding that is rare in radiated animals in which
sepsis has not been induced. The gross cardiac lesions in the radiated
and infected dogs were no more extensive than they are in non-septic
radiated animals.

B. Induced peritonitis:

Methods: A group of 12 mongrel dogs were divided and treated as follows:
(1) 6 animals were 1£radiated. On the Tth day after irradiation

an intraperitoneal injection of staph aureus was given.
(2) 6 non-irradiated dogs received staph aureus as did those

animals in Group I.
(These animals had survived a previous total body irradiation (350 r LD10)
administered two months previously.)

X~-ray factors: Same as dogs in the sepsis experiment'except that the

dose rate was 8.2 r/minute.

Bacteriologic Factors: Same as in sepsis experiment except that 5.28 x

lOlo bacteria were injected into the left upper quadrant of the abdomen

P 130060 ~ UR 01883
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instead of the I.V. injectioms. Blood cultureé were taken before injection
and &, 1, 5, 24 and 48 hours after injection. Heart's blood and cultures
of the serosal surface of the gut were obtained at post mortem.

Hematology:

2 control white blood counts were obtained on éach dog. This determina-
tion was repeated following radiation on the same schednle as the blood cul-
tures.

Pathology: : . _ B

Post-mortem exams were done on the enimals as in the sepsis experiment.

Results: °= Mrtallty;

Treatment | # dogs treated # dled Day of Death
Raaiatioxi + peritonitis .6 6. 1,1,1,1,2%3*
Peritonitis 6 0 ———

* Gross pathology showed no peritonitis. Blood cultures showed that 2 were
probably inJjected I.V. while pathology showed that 3> were in,jected into
the rectum muscles.

Hematology:

Graph IV shows the WBC counts of the 2 groups of dogs on the

Tth day post-irradiation following the inmtraperitoneal injection of-

staph aureus.

Pathology: . : ‘ ~

Changes in all radiated animals were typical of the usunal path-
ology found in the radiation syndrome except that the four animals in
vhich I.P. injections were accomplished , showed erythema of the

entire bowel serosa, with bldody fluld free within the abdomen. The

one animal had gangrene of the terminal ileum. The animal which was

presumed to have been ;njected intravenously showed no gross evidence

of peritonitig. Another dog had a hemorrhagic necrosis of the muscles
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and subcutaneous tissue covering the left side of the abdomen and lower
chest suggesting that the intended I.P. injection had actually been
deposited intramuscularly. This dog had no gross pathology indicative
of peritonitis.

Discussion:

Aureomycin has recently proved in our laboratory to be in-
effective in the treatment of the uncomplicated radlation syndrome in
dogs (1) . The increased lethality of the syndrome when infection 1s
superimposed, as shown above in the studies on induced infection, points
out the benefit that may come from the pfophylactic use qf a broad
spectrum antibiotic for the human victim of an atomlc catastrophe. .
Thus, even though such a drug may not decrease the mortaiity of the
pure bred radiation disease, it may prevent the superimposition of in-
fection, the severity of which is heightened when the host has been
irradiated. Experiments are now under way to determine if an antibiotic
will reduce this induced infection - radiation mortality.

The presence of infection in these experiments was not reflected
in the white blood count even on the second day post-irradiation. The
hematocrit was equally unrevealing. The gross pathology of the septic
radiated dogs was simllar ﬁo that of non-infected radiated dogs. _These
findings suggest that the signs of infection might be masked by the
radiation sickness to soms extent, and that delayed recognitlon of in-

fection would compromise the individual's chances for survival.
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Summary:

A preliminary study of the effects of induced sepsis and peri-
tonitis in the radiated (ILD50) dog 1s presented. 100% of the animals
infected .died, and the morbidity rate was very high: The WBC, and
hematocrit did not reflect the presence of infection. A high incidence
of terminal wnrestrained growth of bacteria in the blood stream
occurred. The gross pathology of the animals with sepsis showed changes
indistinguishable from those of the uncom;;lica.ted radiq.tion syndrome
except for the severe hemorrhages in the kidney cortex. This anatomic
area was much more eﬁemiveb involved than usual. The value of a .
prophylactic broad spectrum antiblotic 1s discussed.

Bibliography
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STUDIES RELATIVE TO THE PHAGOCYTIC ACTIVITY OF LEUKOCYTES IN IRRADIATED DOGS
M. Ingram :gd M. Adams
Abstract
A convenient in vitro method of studying the phagocytic activity of leukocytes
by incubation whole heparinized blocod with saccharated irom is described. -
Preliminary interpretation of studies relative to the phagocytic actifity of
leukocytes of irradiated dogs and irradiated dogs treated with Pyromen‘after exposuée
indicates that: | B
1. Irradiation with 300 r produces a decrease in phagocytic activity of
leukocytes one week after exposure. This effect is not observed in'Pyromem'treated
dogs exposed to & like dose. |
2. Phagocytic activity returns to normal before the beginning of hgmatoﬁoiefic
recovery as indicated by leukocyte counts.
3. The magnitude and direction of post-exposure trends of the leukocyfé

counts are similar in the two groups of dogs.

The phagoeytic activity of leukocytes is generally considered to be of
central significance in combatting infection and tissue damage, andvin clearing away
debris, whether it be produced by normal wear and tear or by sudden trauma.. In.this
respect there has been considerable speculation regarding 1) the effects of whole
body irradiation on phagocytosis and 2) the possible contribution of altered

phagocytic activity to the.géneral picture of radiation induced damage aend subsequent

" recovery. The present repor% is intended primarily as a description of a convenient

method fof direct study of the phagocytic activity of leukocytes. Certain preliminary
observations which have been made in initial experiments are presented briefly.
Methods of studying phagocytosis generally fit inﬁb one of three categories,
namely 1) histologicél studies in which tissues are observed with special regard for
the presence of phagocytes containing debris or injected material, 2) studies of the

fate of injected particulate materials which may or may not be labeled with radio-
UR 01892
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active isotopes and which are known to be readily phagocytized, and 3) studies of
phagocytes incubated with bacteria or similar particles, as in the opsonocytophagoeytic
test. The method described in this.report belongs in the third category ana appears
to be unusually well suited to direct evaluation of phagoecytic activity of white

blood cel;s.

Specifically the method consists of incubating freshly drawn heparinized ﬁhole
~ blood with saccharated iron* which is readily taken up by granulocytes and monocytgs.
This materiai has seéveral advantages of which the most notable are 1) low toxicit&di
for leukoeytes, 2) the rate and extent of uptake are not influencéd by prior specific
sensitization of the snimal to the phagocytized substance, and 3) the presence og ‘
saccharated iron in the cells.may be beautifully demonstrated by the Prussian Blue |
reaction. -

The procedure is carried out at 37.5° C. % approximately 0.1° C. A water bath
equipped with an electric stirrer and cold water cooling coils as well as electrical
heating units and a thermoregulator permits maintenance of tﬁe temperature within .
these limits. The reaction vessél is a 10cc volumetric flask with a snugly fitting
rubber stopper. A solid glass rod runs from the bottom of the flask through the
stppper and fits into the chuck of an electric stirrer. A long #20 needle with
stylet also runs through the stopper and is long enough to reach the bottom of the-
flask. A second short #20 needle without stylet is inserted through the stopper fo‘
permit excape of air when blood is injected into the otherwise closed system.

Before a run is made, the water bath is brought up to the desired temperature
and observed for a period of time sufficient to assure tﬁe observer that temperaturé
is maintained within the desired limits. During this warm-up period’the stirrer
holding the volumetric flask is lowered so that the flask is immersed approximately‘to '

the calibration mark in the water bath. A small Scc bottle containing dried heparin

* The commercial preparation Proferrin, kindly supplied by Sharp and Dohme Co.,

has been used in these studiles.

¢
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and a measured amount of saccharéted iron is also suspended in the
water bath. When the temperature has stabilized at 37.5° C., 1Occ of
venous blood is drawn quickly using a syringe and needle which have been
previously warmed to body temperature in a hot air oven. This blobd
is immediately discharged into the heparin-saccharated iron bottle
which in turn is held in the water bath where mixing is accomplished
by rotating the bottle by hand in the horizontal plane for 30 seconds.
The mixture is then aspirated into a second warmed syringe aﬁd trans-
fered quickly to the volumstric flask through a long needle. The stylet
1s replaced, the stirrer holding the flask started, and set at the low-
est speed indicated on the rheostat control dial. Blood can be sampled
at any time by stopping the stirrer, removing the stylet and a?taching
a syringe to the long needle; The sampling procedure réquires 15-26”
seconds. The equipment and procedure are illustrated in Figures I and II.
Coversllp blood smears are pulled from the blood sample aspirated
from the flask. These smears are later stalned by immersion for’
approximately 12 seconds in a mixture of equal parts of freshly prepared
10% potassium ferrocyanide and 10% HCL at 55-60° C. A 0.3% solution
of basic fuchsin in 95% ethyl alcohol is used as & cquntérstaiq. The
bagic fuchsin stalns nuclel deep pink, erythrocytes and cytoplasm.
of leukocytes pale pink. The ingested iron ls ldentified by the vivid
Prussian Blue color which makes even single granules of 1ngested_iron
stand out sharply.
Colls which contain iron are classed as "marked", those which do
not as "unmarked”. In reading smears, the lymphocytes are consldered
to be non-phagocytic, all other leukocytes as phagocytic. ILeukocytes
are classified as 1.) marked phagocytes, 2.) unmarked phagocytes, or
3.) lymphocytes. The extent of phagocytosis is then expressed as the

percent of phagocytes which contain ingested iron.
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Preliminary observations utilized the blood of a dog with
20,000 - 30,000 leukocytes per cubic millimeter. Three tenthé of a
cc of saccharated iron was found to be sufficient to mark a large per-
centage of the phagocytes 1n 10cc of this dlood in half an hour of
incubation. JIarger amounts of saccharated lron resulted in negligible
increases in the uptake. Accordingly, thils proportion of 0.3cc
saccharated iron/10cc blood has been used in all experiments carried
out to date.

Although interpretation of the results of initlal stundies of
phagocytic activity of the leukocytes of normal and irradiated dogs 18
not yet completed, certaln interesting observations can be made on the
basis of & preliminary survey of results. Representative preliminary
data from an experiment utilizing four dogs are presented in Table I.
"7 . In this experiment, % dogs received wholé body exposure to 300
r of 250 KVP x-rays. Two of the dogs received 2 micrograms of Pyromen*
1.v. three times a week. The other two dogs received no Pyromen.
Phagocytosis studies on each dog's blood were done once a week for I
weeks, and one last run was made six weeks after exposure. These
studies consisted of serial sampling of incubated blood-saccharated
iron preparation over a period of 40 minutes. The protocol called fér
classification of 1000 _leukocytes for each dog for each interval
sampled. Table I, however, represents only the final interval (1.e.

after 40 minutes incubation) and the figures are subject to moderate

* Pyromen ls a non-proteln bacterial component which, among other effects,
is belleved to stimlate the reticulo-endothelial system. The Pyromen
for these experiments has been supplied through the courtesy of the

mamfacturers, Travenol Iaboretories, Inc.
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revision since in some instances fewer than 1000 cells have been

classified.

The more noteworthy aspects of results obtained to date are as follows:

1.

Phagocytic activity of the leukocytes of heavily irradiated dogs
1s depressed transiently during the first post-exposure week.
Phagocytlic activity returns to approximately normal levels two
weeks after exposure despite the fact that leukocyte counts
remain zlna.rkedly depressed until much later and are still below
normal six weeks after exposure.

The post-exposure administration of 0.2 cc of Pyromen three times
a week appeers to have prevented the post-exposure depression of
phagocytic aétivity of dog leukocytes.

The post-~exposure adminlstretion of 0.2 cc of Pyromen three timss
a week did not alter the direction or magnitude of the trend of
leukocyte counts durlng the post-exposure period. Specifically,
the production of granulocytes appears to have had no higher

priority in Pyromen-treated dogs than in untreated dogs:.
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Table I

Leukocyte Phagocytic Activity Expressed
as % of Pre-exposure Phagocytic Activity

(Preliminary Survey of Results)

(fre-.

Post Exposure.

 exposure . (1 we , 2wks , 3wks 4 wke
Radlated
(2 dogs) 100% 63% 1144, 108% 111%
Radlated
plus
Pyromsn
(2 dogs) 100% 107% 123% 121% 107%

P 130500
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Teble IT

Phagocytlic Activity of Leukocytes of Irradiated Dogs

Irradiated Trradiated + Pyromen
% granulocytes* 78% 8k4,
Pre -exposure
Phagocytic activityx 100% 100%
% granulocytes 84% - 85%
1 wk. post-
exposure Phagocytic activity 63% 107%
: % granulocytes 7% 79%
2 wks. post~-
exposure Phagocytic activity 114¢ 123%
% granulocytes 64% 75%
3 wks post-
exposure Phagocytic activity 108% 121%
% granulocytes 83% 80%
4 wks post- »
exposure Phagocytic activity 111% 107%

* As determined on routine differential WBC counts.

*# Expressed as % of pre-exposure phagocytic activity, or

% phagocytes containing ingested iron after 40 minutes
incubation during post-exposure period

X 100

% phagocytes containing ingested iron after 40 minutes

incubation during pre~exposure period

UR 01898



f
)
Riin

Figure 1.

UR 01899



56.

LR WA A o

HOD < rena T e

-,

Figure 2,

5

UR 01900



P ....uLl e d . . . b et g it

57.

EFFECT OF RUTIN ON THE X-IRRADIATED DOG
by
M. Coulter and F. Furth
Abstract
A group of 24 normal dogs were exposed to 450 r of 250 KV x-irradiation. This

dose has been producing a mortality of 60-70% in dogs in this laboratory. The dogs

were divided into four groups of 6 animals each.

- Group ' . Mortality
I Controls iOO% -
II Rutin, 50 mgm t.i.d. orally for 1 week prior to radiation 83%
IIi Rutin, 50 mgm t.i1.d. orally for L weeks post-radiation ‘ 83%

IV Rutin, 50 mgm t.i.d. orally for 1 week prior and It weeks post-radiation 83%
There was no significant differences in the rates of mortality or in the post
mortem findings between the groups.

One of the major factors contributing to the mortality of the acute radiatioﬁ
syndrome is an hemorrhagic diathesis. Several.factors may play a role iﬁ.thé
production of this hemorrhagic tendency including bone marrow depression with result-
ing thrombocytopenis, hyperheparinemia, and loss of vascular integrity.

There is conflicting evidence in the litéfature regarding the effectiveness
of the "Vitamin P" compounds in protecting animals exposed to ionizing radiation
from this bleeding tendency.

Field and Rekers (1) report a mortality of 60% in control dogs exposed to
350 r of 250 KV x-irradiation. Rutin administered following the irradiation had no
effect on mortality, whereas its administration of 1 week prior to irradiation reduced
the mortality in 6 dogs to 33%, and when given for 1 week prior and h'weeks-posg-
radiation reduced the mortality in 27 dogs to 11%. When a dose of 450 r was used,
this therapy was ineffective; the mortality in 5 control dogs being 80% end in k

dogs treated before and after radiation with rutin, 75%.

n] { ?‘5 Iy
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Sokoloff has reported a reduction in mortality in rats exposed to 800 r x-
irradiation when vitamin P substance was administered in a dose bf 5 mgm/day for 30
days (2). The control mortality was 80% and in the treated animals 10%.

In this laboratory a group of 60 rats were exposed to 750 r of 250 KV x~
irradiation. One half of the rats received 5 mgm rutin orally daily for 1 week pre
and 4 weeks post-irradiation. The 28 day mortality was 47% in both control and
tregted‘animals. However, the incidence of diarrhea post-radiation was markedly )
diminished in the rutin treated rats as compared with the controls. The effect haé;
been noted frequently with antibiotic therapy of the irradiated rat (3).

Kohn and his associates have reported 6n the failure of rutin to protect rats
exposed to an LD 50 of 250 KV x-~irradiastion (%), and Cronkite has reported on the
ineffectiveness of this drug in protecting mice which had been exposed to lethal
doses of ionizing irradiation (5).

In view of the conflicting reports concerning the effectiveness of vitamin P
compounds in the therapy of the acute radiation syndrome, it was decided to reﬁeat
the studies on dogs as done by Field and Rekers, This is a preliminary report and
we are awvare that the number of dogs used in this study is too small to be
statistically significant.- _

A group of 24 normal dogs were exposed to 450 r of 250 KV x-irradiation. Tﬁis
dose has been producing a mortality of 60-70% in dogs in this laboratory. .The dogs

were divided into four groups of 6 animals each.

Group Mortality
I Controls 100%
IT Rutin, 50 mgm t.i.d. orally for 1 week prior to radiation 83%
ITT Rutin, 50 mgm t.1.d. orally for 4 weeks post-radiation 83%

IV Rutin, 50 mgm t.i.d. orally for 1 week prior and 4 weeks post-radiation 83%
There was no significant differences in the rates of mortality between the

groups. Minimal subcutaneous hemorrhage was noted, with no apparent difference

between the groups. The white blood cell and platelet counts and the hematocrits
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declined in a similar manmer in each of the groups. Gross pathological findings
revealed no differences in the extent of hemorrhage between the groups. As typically
seen in this syndrome, those dogs dying at the end of the first week post-radiation
frequently showed severe pulmonary hemorrhage while those dying in the 3rd and Lth
veeks frequently had severe gastro-intestinal hemorrhage.

Discussion: Rutin therapy had no beneficial effect on the irradiasted dogs
in this study. It should be pointed out that Field and Rekers found no striking
ﬁenefit from this drug when the irradiation dose was 450 r. However, as noted
previously in this paper, this dosage was chésen as it has been found to produce
en LD 60-TO in this laboratory during the past 3 years. Further studies with this

drug and larger groups of dogs are contemplated.
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A METHOD FOR COMPLETE EXTRACTION OF EMBEDDING MATERIAL FROM
TISSUE SECTIONS FOR THE ELECTRON MICROSCOPE

by
Michael L. Watson
Abstract

A method for complete extraction of embedding material from butyl
methacrylate embedded sections for the electron microscope is described.
The extraction is carried out in the microscope by electron bombardment at.
high beam intensitiee.made possible by removing the condenser aperture. Little
or no distortion due to the method of extraciion is observed. Extraction is
not the result of simple heating but may be due to a depolymerization resulting
from electron bombardment.

Shrinkage normal to the section occurs and is greater in some tissue
components than in others. It is suggested that this observation mey make °
possible an'estimate of the relative water contents of different tissue

components,

Background: Claude and Fullam (1, 2) reported on & study of embedding
materials which might be removed from tissue sections by sublimation)nand.in
this work recognized the necessity for and difficulty of removal of embedding
material without distortion.

An obvious method for removal of embedding material consists in
extraction with a suitable solvent, Surface tension effects during drying and
possibly during the dissolving introducer serious distortion as pointed out
by Billier (3).

Partial sublimination in the microscope of paraffin-celloidon and of

butyl methacrylate has been noted (4). Under ordinary conditions, however,
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clearing is incomplete. In this laboratory near dirt particles on butyl
methacrylate embedded sections, it has been observed that there is often
complete clearing on exposure to the electron beam with little or no
distortion. It was thought that heat developed by the particle due to
electron absorption was reponsibdle for the-extraction. Exposure of sectione to
an incandescent tungsten filament in vacuo removed the embedding material
adequately (5). However, this often introduced distortiom whichcis: prasumably due
to boiling of the plastic. The presence of distortion in many sections -
cleared by simple heafing and its absence in sections cleared by the electron
beam near dirt particles suggested a difference in the mechanlsm of clearing.
Since incomplete extraction occurred on exposure to operating beam
intensities in the microscope, it appeared that gradual changes took place
in the plastic during exposurs to the beam which prevented all of it from
being extracted. Accordingly, much higher beam intensities were tried..
Removal of the condenser aperture from the microscope (RCA EMU-2A) increased
the available beam intensity by about 100 times. Exposure of sections.to
the highly intense beam resulted in almost instantaneous removal of embedding
material. ILittle or no distortion could be detected on comparison with ..
unextracted sections (figures 1 and 2, pagee 63 and 6h). R
Methods: To carry out this type of extraction the condenser aperture
is removed*. The specihen is placed in the usual position. The condenser
current is set at maximum before turning on the beam. This is necessary

because reflections of the beam apparently from the objective pole-piece -

*The microsbope should be monitored for excessive x-ray production. Our -
microscope produced about 80 mr per hour at 4 inches from the viewlng chamber
with the beam at cross-over when the condenser aperture was removed.
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make it difficult to control the illumination on the specimen if cross-over

is below the specimen. With the microscope in operation an area is selected

" for clearing, The condenser current is reduced at such a rate that the image

of the filament is brought into focus in about one-half a second. Before
this focus is reached the section should clear. The condenser cu#égn; ;;.
immediately returned to maximum,

Clearing occurs at lower beam intensity in the middle of a squaré and
is most satisfactory with 100 mesh rather than 200 mesh specimen grids.
Silica-coated colloidon substrates are used to provide adequate strength
for the extraction process. A certain amount of trial is necessary to find
the minimum amount of silica required. Experience has shown that thick
gections are much more apt to tear than thin ones.

Results: Figures 1 and 2 (pages 63 and 64) show views of a section.
before and after electron extraction. It is apparent that minute details
barely visible in the unextracted section are easily seen in the same
section after extraction.

An important advantage of complete electron extraction over partial
electron extraction lies in the fact that the section may be effectively
shadow-cast, Figure 3 (page 65) shows a view of the male rat germinal
epithelium after shadowing. It is apparent from this picture that shrinkage
normal to the substrate has occurred since some structures which originally
extended beyond the limits of the section cast shorter shadows than others.
These include the nuclear wall, the celi wall, and the microsomes. The
mitochondria are about three times as high as the microsomes. Thus we are
offered the possibility of estimating relative water contents of tissue

components on the basis of their relative shrinkage on electron extraction.
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A portion of the alveolus oﬁ,the rat before removing

Details are rather hazy and
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The same field as shown in figure 1 after extraction

Figure 2,

In the original print the

640 A bending of collagen fibers can eas

by electron bombardment.

ily be made

out, whereas it cannot be seen at all in figure 1.

10500 X.
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A view of the male rat germinal epithelium. A
portion of a young resting spermatid lies on the
left and on the right is a portion of the Sertoll
cytoplasm. Details of the spermatid cell wall and
nuclear wall are clearly vieible. This section was
shadow-cast with uranium after extraction of the
embedding material. Relatively greater shrinkage
of microsomes (m) over that of mitochondria (M)

in a direction normal to the section is apparent.
29200 X.
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Electron extraction has been in use in this laboratory for about a
year with satisfactory results. Ko trouble is experienced with poor resolution
due to inadequate extraction or dus to distortion arising from the extraction
method,
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A NEW MICROTOME FOR THIN-SECTIONING ROR ELECTRON MICROSCOPY
by

Michael L. Watson
Abstract
A new microtoms is described for the cutting of thin sections for the
electron microscope. The specimen is mounted on a# arm attachéd to a constant-
ly rotating shaft. The advance mechanism for the knife consists of a stiff
member supporting the knife which is bent by stretching a relatively flexible
spring attached to 1t. Very réproducible motion is claimed. BRibbons with

o
8 thickness of less than 300 A have been obtained.

Background: A conventional microtome adapted for thin-sectioning for
electron microscopy in this laBoratory prbved inadequate where extremely
thin sections were desired. A simplified mechanism more reproducible in
operation was designed and built.

Description: The tissue block is mounted on an arm ;ttached to a
rotating shaft, The cutting face is perpendicular to the axis of the shaft,
The shaft rotates at constant speed and end-play is satisfactorily controlled
by a disk attached to the rotor and turning in a spring-loaded thrust bearing.
Details may be seen in figures 1 and 2 (pages 68, 69 ).

The knife is mounted with its cutting edge perpendicular to the axis
of the rotor. It is supported at the centers of two parallel brass strips
which are in turn attached to the base-plate of the microtoms at their ends
(see figure 3, page 69). The knife is advanced by bending of the brass
strips due to the tension on the feed spring attached at their center'line.
The tension on this spring is varied through a worm-gear coupling to the rotor.

Relative motion of the two ends of the feed spring is a function of the

UR 01911
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An over-all view of the microtome.
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The thrust bearing is disassembled to show the
thrust plate.

A view of the motor coupling to the microtome.
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Transverse sections of eperm taile in the male germinal
epithelium of the rat. Uranium shadowed at an engle
of 5:1. 29200 X.
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stiffness of the brass strips and the characteristics of the spring. On the
unit described the relative motion is ebout a million to one. Demping of the
knife feed is necessary to prevent vibration and is obtained by the use of an
oil-soaked cotton stuffing in the feed spring and oil-soaked blotting paper
between the brass strips and the block supporting the kmife holder.

The specimen arm is screwed onto the end of the rotor-shaft which is
split to permit friction adjustment. A coarse setting of the.specimen relative
to the knife may thus be obtaihed. For finer adjustment a spring is held in

compression against the brass knife-mounting strips opposite the feed spring.

‘Phe degree of compression is controlled with a thumb screw.

The motor drive coupling (figure 3, page 69) is designed to reduce
traﬂsmigsion of longitudinal vibrations to the rotor shaft, The rotor is
driven at about 60 rpm.

Results: The mi;rotome has been in use in this laboratory for about
s8ix months., Using a glass knife we have been able to cut ribbons under
favorable conditions in which sections were too thin for tissue details to
be readily seen in the microscope without Cqulete removal of embedding
material and shadow-cesting. OCross-sections of sperm tails (figure 4, page T0)
which contain rather dense fibrils were made. Shadow-casting and subsequent
measurement of the shadows indicated a thickness of about 180 X. Allowing
for shrinkage during the extraction of the embedding material we estimate
thet the initial section thickness was probably less than 300 i.

The constant motion of the rotor allows much greater reproducibility
of motion of the specimen relative to the kmife than can be obtained with
reciprocating mechanisms., The type of advance used eliminates all of the

trouble experienced in conventional microtomes with starting friction. A

microtome of this type is relatively simple and easily built, -
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