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Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owed rights. Reference herein

to any specific commercial product, process, or service by 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. The views and opinions of
authors expressed herein do not necessarily state or reflect those of
the United States Government or any agency thereof.
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THE EFFECTS OF X-RAYS ON THE MITOTIC

ACTIVITY OF HMOUSE EPIDERMIS

Norman P, Knowlton, Jr., Louis H. Hempelmann, and Joserh G. Hoffman¥*

"This document is based. on work performed under Contract
No. 7405-eng-36 for the Atomic Energy Commission".

With the increased interést'in various types of ionizing
radiation as a result of the Atomic Energy Program, there is
a great need for a practical method for the quantitative eval-
uation of the effects of sublethal doses of such radiation.
Many ihvestigators have shown that small doses of radiation
ﬁregult in a temporary but marked depression of the mitotic

activity of lower animal, plant, embryonal, and tumor cells.

This suggests that similar studies of mitosis in mammalian
tissues might lead to a relatively simple and reasonably simple
and reasonably specific method‘of expressing radiation damage.
The usual technique of determining the mitotic index of a
tissue involves the actual counting of many thousands of in-
dividual cells. Since this is extremely laborious, considerabie
effort has been devoted to developing simpier, more expeditious
wethods., This preliminary repért describes a simplified tech-
nique of obtaining the mitotic index of mouse skin and indicates
the surprising sensitivity of the mitotic activity of mouse
epitﬁelium to the effects of X~rays, ' _
Groups of animals (CFl strain white mice, 6-8 weéks of age)

were exposed to specific dosed of 250-KV peak voltage X-rays

at the rate of 50 r/min and then autopsied at definite time in~

tervals after eiposure. Immediately after the animal had been
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killed by crushing the cervical sbine, the ears were removed
and placed in 1% acetic acid. After 16 hrs at 5° C; a homo-~
geneous léyer of epidermis two cells thick was separated from
the dergis according to the tecﬁnique mentioned by Hoepke(3)
and described in detail by Cowﬁry(z)° The section of epidermis
was then stained with Mayer's hematoxylin and mounted on slides
for study. The cells in.mitosis (a:bitrarily defined as the

period between the breakdown of the nuclear membrane in pro-
phase and the complete separation of the cytoplasm in telophase)
in a given number of microscopic fields outlined by a/Whipple
disc were then counted. The number of epidermal cells in the
field delimited by each Whipple disc was carefully determined for
animals of the strain and age used in this study so that the
final value of thé mitotic index can be expressed in terms of
mitoses/100,000 cells. Variation in cell numbers from field
to field is statistical in nature and introduces an error of
1-2% not encountered when individual cells are.counted. The
much larger number of cells which can be examined practically
by the field method compensates for this .error by reducing the
over-all statistical error. It has been shown that X-ray dosage
up to 325 r does not significantly alter the number of cells
per field, so this method. is valid for mouse skin after radia-
tion exposure,

The change in mitotic index of mouse epithelium produced
over a range of sublethal doses of X—réys from 5 to 325 r has

been studied. The graphic response of the mitotic index in
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animals receivihg 35 and 325 r is shown if Fig, 1, Rach point
oh the experimental curve represents the average mitotic index
obtained by examining a total of approximately 200,000 epit-
helial cells in 4~5 experimental énimals° The diurnal variation
in mitotic activity has beéﬁ taken into:account'in the exposure
groups, since there is twice‘as much mitotic activity during the
morning as there is in the eveﬁingez This has been previoﬁsly re-
ported(l) and confirmed in our laboratéry by means of the control
animals for the above experiments.

In both of the experimental groups the minimum point of mitotic
activity is less than 1 mitosis/100,000 cells. This minimum was
reached in less than 2 hrs after exposure. On the other hand, the
time required for the mitotic index to réturn to normal varies from
5 hrs at 35 r to 6 days at 325 r. An "overcompensation" phenamenpn
i; quite evident at the 325-r dosage level, with the mitotic act-
ivity more than double that of normal on the 8th day after irra-~
diation. This phenomenon is being studied.at the 35-r dosage lev-

el.

From the data presented_above it is evident that the mitotic
activ;;y_éf<§gqge;sk;n.is_e;tragrdina;ilyhsensitive to the effects
of X-rays. Between the two dasageg.reported hgre.it_ab@ears_that
the~best‘index_ef»damage»iSmtheutime for -the mitotie index to re-
turn to normal. Both the extent of the drop from normal and poss-
ibly the time in reaching the minimumiboint appear to be quite
similar at these two extremes of dosage. However, the fi:st point
could have been reached earlier. By the usé of this biological

criterion of radiation effect our present program is to compare
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the relative destructiveness of different types and different
energy ionizing radiations,

It seems possible to postulate from the datea at the dosage
level of'35 r that the degree of depression of mitotic activity
from normal may servé as, an index of tissue damage at very low
dosages., Experiments now';n progress indicate that 5 r of 250~
KV X-rays decreases mitotic activity to less than 25% of normal
in 60-90 min.

The above work on the mitotic index in skin is being par-

alleled by similar studies in the jejunum, adrenals, and lymph

nodes, but at the present time it appears that the skin is by
far the most sensitive of the organs studied.

Experiments are :in progress to determine the effect of rate
of irradiation and of single or divided doses for various types
of ionizing radiation on ﬁhe mitotic index of mouse skin and other
tissues. It is hoped that comparisons of the change in mitotic
index and the shape of the recovery curve will be of value in

evaluating these radiation effects.

* With the technical assistance of Norma Lanter, Clare Morrison,
Joan Thrap, ahd-Julie Wellnitz., The writers gratefuliy acknow-
ledge the personal help given them by Dean Robert A, Moore,
Washington University, St. Louis, and Zola K. Cooper, University
of Oklahoma School of 1\"*ed:‘l.g:ij:ua, in:érganizing this experimental

program.
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THE EFFECT OF X-RAYS ON THE MITOTIC ACTIVITY OF THE ADRENAL 13

GLAND, JEJUNUM, IYMPH NODE AND EPTDERMIS OF THE MOUSE

©

Norman P. Knowlton, ;‘J’rog and Louis H, Hempelmann
Radicbiology Section of the University of California
Los Alamos Scientific Labora‘boryﬁ s Los &lamos, NM.
In 'bhe search for a sni'bable metnod of determining quantitatively the effects |
on mammalisn 'bi's'sﬁe of -subi'efbh'al-f do'jeeé"of ionizing radiation, the following study |
of the mitotic indices o,i‘ various mouse tissues following whole body irradiation
was undertakeno It was hoped that by finding quantitative changes in the mitotic
index of various tissues that it would be possible to use these changes as &
meagure of the relative effects of different types and different energies of

ionizing radiation., The response of mitotic activity of fou.r tissues was deter-

mined at intervals after exposures of groups of" animals to doses ranging from 5
to 325 roentgens of 250 KV X-rays. The edrenal gland, lymph node, jejumum and
epidermis were selected for"'—thie st'udy 'beeau_se of their nornallj high mitotic
activity and because of the simplicity _'or their structure‘which lends itself to
the development of quanbitative methods of comnting mitoses. The effect on the
' epidermis at the 35 roentgen and 325 roentgen dosage level has been prenously ‘
repor’bedg(l) and is *presented again ‘o give contimity to the results reported

(1) Enowlton, NoP., Ty Hempélma’nns ~LoHo and Hofﬁnan9 JoGoy The Effects of -
X-reys on the Mitotic ketivity of Mouse Epidermiss SCIENGE 107, 625 (1948)

X

in this article, - o
EXPERTENTAL, MFTHODS: a1 animals uged. in this experiment were Gy strain femele .

..........

1, With the technical assistance of Norma Lanter, Clare Morrison, Joan Thrap
' and Julie Wellnitz,
2o This document is based on work performed et the Los Alamos Scientific
Iaboratory of the University of California under Government. contract -
. W7405-eng=36, and the information contained herein will appear in
Division V of the National Nuclear Bnergy Series (Manhattan Project
- Pechnical Section) as part of the con'bribution of the Los Alamos Iab-
oratorye :
3, The authors wish to acknowledge the assietance and advice of Gerold
‘Tenney and his' staff in the development of irradiation techniques and
dosage measm'ementso
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mice between 6=8 weeks of age from Gorvorth Ferms, Inc., New York, Only thosbdl
mice were used which appeared entirely health after 10 to 1/ days acclimation
at thie 1afbo?e.'boryo Lnimals in the control groups were subjected to the same
handling procedures as. the irradiated mice,

The radiation was delivered ‘by a 250 KV peak voltage X-ray machine at ths
rate of 50 roentgens per mimite. No fﬂters were used ‘besides that inhevent in

the tube which was equivalent to’ approximtely two millimeters of aluminmim, The
average energy of the Xarays de]ivered by this nachine wes 168 Kﬁ‘g o. The api=
mals were contained in a .f,‘lat luoi'be cage (1/32 inch wall thickness) during the
exposure period, ZThe lucite cage was placed on & thick lead plate to minimizs
backscatter of the inéident radiation.: The exact dosage delivered :ho each
group of mice was determined by means of a 300 roentgen V"i@'b@reen ionization
chamber placed at the center of the cage; It‘ia's'sﬁoﬁn that the veriation iu
dosage delivered. to 'bhe area occnpiea, by the- -cage did not exceed eight. percento
The resultis of th:Ls var:iation in dosage due to the inherent geome‘bry of the

tu'be and ta.rget was minimiged f‘or eny group of mice by the free movement of

-the animals within this areao

Groups -of irradiated and control animals were sacrificed at varying tiumes
after edposure. An'aﬁte'ﬁpt'was made ‘to choose-ithose time inbervals after ex-

posure which would coﬁesﬁoﬁd to the mmimnn nitotic activity and to the perdod

when the mitotic rate was »returﬁ:lng to nomi The -animals were killed by crushe

‘ing the cerviecal vertebrae a:ad t.issues were removed in a defini‘be oxrder without

delay. 'The ears were removed first,, he inguinal lymph node was then dissected
out, a segment of- the Jojurmm. distal to a point 2 oent:lme‘bers below the pylorus
was excised, and finally the right adreml gland wag removedo Appro:dmately
tWo mimites were required for the complete autopsyq mphasis was plaoed on
speed of removal_of,ox_-gax_z‘s iz;_ ‘ord;er‘ to avoid the modification of ,mitotic ac=

. S e ()
tivity known to occur within a few mimutes after death of an enimal o

(2) THiringer, J.M. - Stuiles on Cell Division in the Humen Epidermis.-
11, (a) Rate of Cell Division in the Prepuce; (b) Influence of
Verious Factors on Cell Divisions - Ansto.Reco 40, 1 (1928)
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The adrensls, jejumm and Iymph nodes were fixed in Bouin's fixative in

21l insbances except in the first experiment in which the animels were exposed

to 325 roentgens. At this dosage level the lymph nodes and jejunum were fixed
in Zenkeragqetic acid, #4111 of the tissues were carried through routine histo-

logic procedures and embedded in paraffin, A1l sections were cut 6 microns

"bhlck and were stained w:.th Mayer“s acid hemtm:ylin and an aqueons solution

of eosin° ‘
. The epidermis was 'prepéred by placing the ears in-1% acetic acid for 16 . -
to 20 hours at 5° C. and then by blunt dissec'bion geparating the epidermis '

(33(4)(5)
from the dermis in the manner described by several. authors o The sheet

of epithelium was stained with Mayerls hezna‘bom’iin and taken up through alcohol

(3) Gowiry, -_E;;vo,‘ & Textbook of ma@m; Philadelphias .Le;a“& Febiger,

1938 ppo 530 = 531, - o ‘_

(4) Hoepke, Ho = In Nollendorfts Hendbush der Mikroskopiechen Gnatomie des
Menschen, 19279 Bd, 3, Teil 1, ‘

(5) Beunmberger, J P., Suntzeff, T, and CO'wdrys EcVo = Methods for the Sep-
aration of Epidermis from Dermis and Some Physiclogic and Cemical Pro
perties of Igolated Epﬁ.ciemiiss Jour, Nat. Cancer -'Insfto- 2, 413 (1942)

solutions of increaSiné strength to a‘bsdlu'be alcohol, The tissue was then .
cleared in me‘thylsalicylate and xylol and mounted in Canade balsam,

In an effort to standardize the techn.lque of counting mitot:i@ figures a
cell was considered to be in mi'bosis only between the 'bime in prophase of elon=
gation of the chromosomes before bree.kdom of the nuclear membrane and the time
in belophase of complete separation of the cytoplasm of the daughter cells, This
definition of mitosis was very sat:‘i.éfac'bory for all tissues except in the case |
of the epidemis in wh::.ch the muclear structures were distorted sla.ghtly by
treatment with acidg therefores. the time of breakdomn of the nuclear membrane

was considered to be the beginning . of mitogis,

T
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The following techniques of measuring mitotic activity were

developed to ascertain the number of cells in mitoses per unit

area (or per crypt of Lieberkuhn) of the tissue section rather
than per unit number of cells. This enables one to count in
less time a greéter nuriber of mitoses and thereby reduce the
overall statistical error. The staﬁistical validity of the
data is discussed under IZxperimental Resultsoh

ADREWALS: The zonae glomerulosa and fasciculata of five serial
sections of the adrenal gland cut from approximately the middle
of the gland were searched thoroughly for cells in the process

(6) (7) (8) '

of division . Some of the mitotic figures were cub

(6) Ilathanson, L.T. and Brues,A.ll,- The Effect of Testosterone
Propionate Upon the liitotic Activity of the Adrenals in the
Intact Immature Female Rat: Zndocrinology, 29, 397 (1941).

(7) Blumenthal,H.T., - Aging Processes in the Endocrine Glands
of the Guinea Pig: 1. Influence of Age, Sex and Pregnancy
on litotic Activity and Structuré of the Thyroid, Para-
thyroid and AdPenal Gland - Arch. Path. 40, 264 (1945),

(8) Blumenthal,H,T. - The influence of Time of Feeding on
Periodicity in Activity in Thyroid and Adrénal Gland of
Wormal lMale Guinea Pigs: Endocrinology 27, 481 (1940)

into two segments in the process of sectioning the tissue.

Therefore, a record of halved mitoses were kept since the

other portion of the particular figure could be seen in the
corresponding area of the next ségtion. then the total number
of mitoses in the specified area had been determined, the micro-
scopic image of the third of fhe five serial sections was pro=-
jected at a standard(mqgnification on a sheet of white paper

and the outer boundary of the zona glomerulosa and the inner
margin of the zona fasciculata were carefully oubtlines. The

area of two zones at this magnification was determined by the

use of a planimeter, In order to express the final results
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in mitoses per unit area the total number of mitotic figures
observed on all five sections was divided by the total area
of the projected imageo
JEJUNUM: The sections of jejunum were cut perpendicular to
the mucosa surface so that the epithelium of the villi and
the crypts of Lieberkuhn was continuous. Since mitoses are
almost entirely confined to the epithelium of the crypts, only
this part of the intestine was examined. The mitotic figures
in at least 200 crypts‘per animal Qere counted and the results
are expressed in terms of mitoses per 100 crypts.

LYMPH NODES: The number of mitoses per standard area as outlined

by a Whipple disc at approximately 900 diameters magnification
was used to quantitate the mitotic activity of lymph nodes. At
least 100 fields were counted by examining adjacent areas of a
section of lymph note. No attempt has been made to translate
mitoses per hundred fields into mitoses per 100,000 cells since
there is a definite loss of cellularity, particularly after the
higher doses of irradiation? The results expressed as mitoses
per 100 fields can also be interpreted as mitoses per unit
volume of lymph nodes
EPTITHELIUM: The technique used in counting mitoses in the epi-=

1)

thelium of the ear has already been described( and the mitotic

activity of the epidermis has been used by various authors in

experimental work (9) (10) (11) (12)0

(9) Cooper,;Z.K. and Franklin,H.C.-Mitotic Rhythm in the
Epidermis of the Mouse: Anat. Records 78, 1 (1940).

(10) Blumenfeld,C.M. -Periodiec Mitotic Activity in the Epi-
dermis of the Albine Rat: Science 90, u/i6 (1939).

(11) Bullough, HoF.=Cyclical Changes in the Skin of the Mouse
"During the Oestrous Cycle: Endocrinology 3, 280 (1943).

(12) Blumenfeld,C.M. -Normal and Abnormal Nitotic Activity (1)
Comparison of Periodic Mitotic Activity in Epidermis,
Renal Cortex; and Submaxillary Gland of the Albino Ratb:

In brief, it cone

Arch. Path. 33, 770 (1942)
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sists of counting the mitotic figures in at least 200 fields outlined 'by the~
Whipple dise in a homogeneous sheet of-epithellumo It is posgible to chooge
areas of skin where there are no hair follioles so that the variation in the
mmber of cells from field to ‘Tield is merely statistical in the area en-
: closed by & given Whipple disc for azﬂ.nals of-a certain age and straino 'It '. :
has’ been shown thet there is no eignificant decrease or increase in: cellularity
of the epidermie at dosagee as high ds 325 roentgensn - Thusg, the mitotic index
cen be expressed in ‘mitoses’ per 100,000 celleo , '_ ‘
'EXPERIMENTAL RESULTS: ﬁhen this experimental program was begun, it was im=
possible to foresee which radjation levels and what time intervels after ira
radiation would give the most sigmficen’o resultso Initially it wag decided
. to give one" group of enimals 325 roentgens, this 'being approximately two-thirds. '
the median lethal dose of Xarays of this energy edministared in the manner des=
eribed above -to mice of this e.ge and strain The delay in cell division at .
this dosage ‘level was so extreme the.t a pilot experiment was undertaken using

a smaller group of animals exposed to 75 roentgens The results were-still
impressive and i'b wae decided to ge to lower dosage ra.nges without improving
-statistically the resu.lte oi' the a‘boVe studieso i The numbers - of enimals used ’
and time intervals after exposure were modified as the study progressedo Tne
‘experimental rasulte of each exposure level are giVen belows _
. (&) 325 roentgenss® 40 mice were exposed to 325 roentgens and twenty wice
were used 8s- controls in this experiment Four irradiated and two

control animals were sacrificed at tw% six end twelve hours, and at

one, ’cwo, 'I'-hree, Foum,” eix, eight and thirteen days efter exposureo :

The change in mitotio ectivity of the tiggues is shown in Grephe 15

20, 3 and 4, Sta‘bietical considerations of the data indicate that

the' changes are mquestiona‘bly realo “Bach poin‘b on 'bhe -curves reprem
" sent the examinatiaon of the following nindmm number o_f’ mitoses end

- cells per points- .
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Total No, Cells Total Noo
No., Mitoses Counted Noo, Fields,Unit Areas Bxamined per Cells Bx=. -
Per Point or cryp’ds per Point Field Unit Area = amined Per .
' . or Crxgt Point

Skin® " 7 3=600 ~800-1600 Fields 205 160,000 t
Lymph Node 2-275 : 400-800 Fields 310 100,000 |

Adrenal 0-194 1400 Unit Brea - = 130 - 150,000

ejunum 44=900 800 Crypts 100 80,000
In the case of the skin, there is no change in the mumber of ce:‘l.lsl per ‘
£ield at any time interval after irradiation, |
In the case of the lymph node, howsver, there is a ‘decrease in the number
of cells following irradiation (Graph 5)e If theresults are expressed in - . -
terms of mitoses per cell rether than in terms of mitoses per unit area,
there would not be as much depression below normel as 'lzhere_ is shown in
Graph l;o Hence, this method of expressing depressic;n c;f mitotic acﬁivity‘
of lyuph nodes exaggerates this change, while in the skin there is no such
falge accentuation of the change of mitotic rate,

(v 75 roenﬁgensg A group of s:’i:xteén mice received 75 roentgens while ten
were used as controls, Four irradiated animals were sacrificed at one
and one:halfs tW09 four, and seven hours., The nitotic activity of three
tissues was determined. - Four controis Wwere used for determination of the
mitotie index’at"‘on‘e'and one=half hours, but only two controis were used
per point thereafter, The modification in mitotic indef’i;s shown in -
Graphs 1, 22 and 3, Since the time interval between the first and last autop-
sies ;nas only '5=-3;/2 hours, the diurnal variation was'not taken into account,
The controls were lumped 'iﬁto one agerage normal for each tissue., It is
evident that 'bh;e curve of mitotic activity shows the drop produced by the ‘
| X=rays but was not carried out long enough to show a possible 'over=shodting ‘
or normal mitotic index by the recovering tissue., It should be .pd:'i.nted- '
out that later data, particularly in the 35 and 15 roentgen ranges, indi-
' cate that the one and a half hour point after exposure probably does not
indicate the true minimm @ht of activity of these tissues,

TS s
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The following aré 'bhe data for the minimum mumber of mitoses and cells exa-

mined per poim; on the graphss

-

To. Mitoses Umit Lreas Total No, Gells  Total No. of Cells
Counted Per or Crypts Examined Per Field. = Examined per Point
Point Per Point Unit Ares or Crypt .

Skin' ~ 4=176 -~ 400 fieldg ' 205 - 80,4000
Adrénal © 6=136 - 1000 unit exeas 130 : - 130,000
Jejunum - 186-800 . 400 crypbs . 100 40,000

Oné should note that the fewsr mmber of cells examined at this dosage lével
increases the chance of statistical variation, For the marked changes noted in
these curves, however, it is evident that this 'is a real and not a statistical
variation,

(¢) 35 réentgensg Fifty mice werehe‘xposed to 35 roentgens and were sacri-
ficed in groups of f:'i've_ at one-half, one, one and one-half, two, three,
five, seven, nine, thirteen and sixteen hours. Tissues of five control
animals were obtained at one<half, two, five, nine, thirtaeﬁ and sixteen
hour intervals. The data from this experiment are included in Graphs 1,
2b, 3 and 4. The data on ‘the epﬁ.&emié end the adrenal gland bave been
plotted only up o the 7 hour point since they show no significent devie
ation from the normal theveafter. The mitotic activity of the jejumum
and lymph node has been graphed for only the first five hours for the
gsame reason. It is notable that at this dosage level only the epidermis
reaches zero mitotic activity, while the lymph node does not even drop to
50% of normal,

Each point on the curves at this dosage lewel represen£ the following

minimum figuress




©9 = i

No, Mitogses  No. Fields, Unit Total No, Cells Total Noo

Counted Per Areas or Crypts Examined Psr Cellg Bx-
Point Per Point ~ Field, Unit Area amined Per
: or Crypt Point
Skin 0=289 500 fields 205 100,000
Tymph Node  150=262 1000 fields 310 300,000
Kdremsl - . 37=222  .1500 unit aress 130 - 200,000 -
Jejunum 223=623 ___ 300 crypbs : 100 30,000
(8) .5, 15 and 25 roentgenss Groups of thirty mice were exposed %o 5, 15 and

25 roentgens. Ten irradiated animals from sach expostre group and ten
controls were sacrificed at one, one and one-half and two hours. The
thirty control animals thus served as controls for all three exposure
groups. In all three irradiated groups the epidermis was examined and
the jejunum, lymph nodes and adrensl glands were studied only in the
animals receiving 15 roentgens,

The response of mitotic activity of the epithelium at each dosage level
expressed in terms of percent of mormel activity is shown in Graph 6,
(The data from the first 2 hours of 35 roentgen experiment .are also in-
cluded in this graph in terms of percent of normal).

The change in the mitotic activity of the adrenal gland is included ixr
Graph 2b, . |

The mitotic index of the lymph nodes and the adrenal glands showsd no
significant change from noimal with exposure to 15 roentgens and graphic
presentation is not mede,

The minimum number of mitoses and cells examined per point are show belows

Total No., Cells

No, Mitoses No, Fields o¥ Examined Per Total No, Cells
Counted Per Unit Areas Per Bield or Unit Fxamined Fer
Point Point Lrea Poind
44=230 1400 fields 205 280,000

Skin
Adreral __ 72=383 3000 ynit arens 130 390,000
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It has been known for a long time that 1on:|.zn€g ﬁ&i?tion causes delay in
e SRVIIR S TR e T s (1

. division of cells Wthh have just entered mitosis ° lt has been shown

I L Al T
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(13} Henshewg ros:.z_v ‘&e:b::cn_ of §=rays o the Game'bes ~of 2rbacis, Puntula‘bas

- m——————— -, — . e = —— - e e s

.

the Grasshopper I.’roco Nato Acado Sco 27, 42 (1941)

S e e a v wm e eme e e e e ammen e e A NN~

by direct observation that irradiation of grasshopper neuroblast cells in early :

_ 'prophase produces - changes in the chromosomes which appear to be in 1_;he backward

direction toward ’c.l(ie :;.nterm:.‘botic stage. ra'bher than in i‘orwsrd directlon of coms
: 15 :
pletion of mitodis o Younger -cells in.the. intermitotic stage whlch precedes

(15) Carlson, JoGo = Effects of X«radiation on Grasshopper Chromosomess Cold
8pring Herbor Symp, 9, 104 (1941) ' ‘

the radiation-gensitive stage of prophase are able to enter mitosis at the pro-
per time in their lives without o period of delay. Cells already in mitosis,

past the radiation sensrb:.ve stage of early or m:&.dmprophase, are able to com=
.o {13
plete mitosis although perhaps at & slower rate, Sucb.(a e)ielay ih cell divie
15
gion is known to occur at low dosage levels (4 roentgens) " e Th:.s may be the

reason for the fall in mitotic ac'bivn.ty seen in the Graphs l, 2, 3, ete, _The
overshooting of the normal mitotic activity noted par'b:.cularly in the epidermis

(16)
curve at 325- roentgens has been desecribed before °

(16) Canti, R.G. and Spear, F.G.. = Effectof Gamna Rays on M:Ltosls in Vitros

Proc. Roy. Soc. B, 105, 93 (1929)
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and has been referred to as an “overcompensatio;f' phenomenon, It has been ex-
plained as the result of a pil:.ng up of mitotic figures of two sourcass (1} cslls
in which the division processes had been delayed by radiation until this time and
(2) younger cells that were unaffected by radiation and which would normally have
divided at 'bhis' time without :7.1'::'za.d:i.a'b:i.or_1° Since cellg damaged by ionizing rad:v.am

(17) (18)
tion do not die until they attempt to divide = {(except in the higher dosage

(37) Iasnitski, Io = Effects of X=-rays on chici: Tissue in Culturecs Brit, J.
Radiol, 16, 61 (1943)
(18) I.asni‘bsh, Toy = Effects of x-rays on Chick Tissues in Cultures Brit, Jo

Radiol. _1_9, 137 (1943)

$

range), one can see that suc;h an. explanation demsnds that all cells must enter mi-
tosig_o ‘.!.‘his means that at the lower doses of radiation the amount of ®overcompen=
satlon" should be equivalent to the depression of mitotic activity unless there
is a ma:_rked change in time of mitosis or the doubling time of the cell,

The exact mechanism by which radiation affects mitosis is not known, It has
been postulated that this effect is related to :bhe interference with the transfer

(19)
of nucleic acids from cytoplasm to nucleus o

(19) Mitehell, J.S. - Disturbance of Nucleic licid Metabolism by X- and Gamma-
Rayss Brit. J. Expt. Path, 23, 285 (1942)

(20)

Hance has sghown that when limited portions of an animel are exposed to

(20) Hance; R.T. = Mitosis in Hair Follicle Cells of Mice Following X-Radiations

J. Morpho 66, 409 (1940)

radiation, the mitotic activity in unexposed tissues is mod:n.i‘:i.edg although not
to the same degree as the tissues of the same animal which had been irradiated

directly.. "This would seem -to show that there is an indirsct, as well as a

direct, effect of ionizing radiétion on mitotic activity,
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There are a number of features of the experimental res;zl'bé report;;i in thisV
paper- which are difficult to explein in terms of what is kmown about the ac’c.iop of
ijonizing radiation on cell division. Those features which deserve discussior; ares
(1) the apparent absence of the Wovercompensation®™ phenomenon at lower dosage .
levels in epidermis, lymph node, and jejumum; {2) the abortive rise in the mitotic
activity of the adreﬁalé and jejunum of animels receiving 325 roentgens; aﬁd (3)
the lack of correlation between the effect of radiation on the mitotic activity
and the tissue damage. Fach of these points will be discussed briefly.

It is impossible to make a definite statement about the Wovercompensation®
of mitotic activity seen in the tissues until the curves have been confirmed in
greater detail using observations on more animals at more frequent time intervals
" after exposure and for more prolonged periods. As pointed out above, if ther;

is a true overcompensation phenomenon,.all cells should eventually go through °

mitosis at the lower dosages and the area above the normal curve should be
equal to the area below this curve. Thos does not seem to be the case in epi-
thelium and lymph nodes of animals exposed to 35 roentgens, both curves of which
are based on enough experimental points to appear reasonably accurate in the de-
sired ranges. The adrenals of the same animals do show changes in mitotic ac-
tivity which could well be explained by the overcompensation phenomenon. Also,
there is a definite overshooting of normal mitotic activity of the epithelium
oif animals exposed to 325 roentgens. Since this respohse does not appear for
a matter od ays, it seems possible that other factors,such as skin erythema,
with consequent increased metebolism of this tissue mey pley a role in the pro-
duction of the marked increase in mitotic rate,

The asbortive rise in the mitotic index of jejumum and adrenals of animals

exposed to 325 roentgens id difficult to explain., Since it was not observed

e - cag RS
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. at other dosages, it may represent- a spurious observation which will not be cone
firmed. On the other hand, its observation in two tissues seems to attest to its
real character. If this peak is real, its time of appearance during the depth of
depression of mitotic activity would seem to suggest that more then one factor is
respongible for' the prolonged depréssion' of mitotic activity., It is conceivable. .
that the complementary action of differen‘{: effects such as the direct and in-
“direct effect previously reported by Ha.nce(ZO) could be responsible for a curve
of this nature if the time of the maximum action of each occurs at a different
time,

Probably the most surprising feature of the data is the great effect of
radiation on mitotic activity of tﬁe more radioresistant tissues. Thus; the
lymlphoidl tissue and in'bestinai epithelium which are among the most radia-
sensitive’ tissues in the body show less interference of mitotic‘activi’oy fol-
lowing exposure to E-rays. than do the less radio-sensitive skin and adrenal
gland, The term radiosensititity as used above is a cgncept based on the hise
tological response of tissues to radiation, Tissues which are radiosensitive
show more histological evidence of tiésue damage than do .radio-ingensitive
tissues, If our concept of how radiation affects mitotic processes is core
rect, one~wo{11d expect them to show more interference with mitotic activity
following radiation exposure than less rapidly growing tissues since more cells

. are in the mitotic stage (or more correctly,l the radiation=-gensitive pre-mitotic -
stage) at any given moment. | Does 1';he lack of correlation between tissue damage
‘and interference with mitotic activitj caused by radiation mean that these
processes are not necessarily directly proporional?

There is a way of interpreting these date which seems £it in with the pre-
gent concept of the mechanism of radiation action. One must remember two facts

for which there is good experimental evidences: (a) all cells past late prophase
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at the time of exposure comp.etz cell divisiong and (%} cells in the radiation-
sensitive pre-mitotic stz s at the %ime of exposure to the lower dosages of
jonizing radiation underge witcsis after a delay, With these facts in mind,
the curve of response of mitotic activity to radiation can be broken down into

)

two compenents (Graph 7)s Component 1 is made up of cells which were in mitosis

at the time of exposure and are completing cell division., The time, T, at which
this curve reaches zero is dependsnt upou the time of the mitotic period allow-.
ing, of course, for the fact tha® radiation may produce a lengthening of this
‘periodo Component 2 is composed of (1) cellé s the mitotic process of which has
been delayed by exposure to radiation and, (2) cells which were too young to be
affected by the exposure. 7.2 time, R, will be a measure of the radiation-gen=
sitive phase for the cells at this dogage. If recovery begins before Component
1 falls to zero, the dip in the resultant curve will not fall to zero. The
socner the recovery begins (or the shorter the radiation sensitive phase), the
less will be the dip in tlt.te curve of mitotic activity. It is reasonable to
assume that a short-lived cell, such a8 & lymphocyte with a life span of hours,
will compress its metabolic activities into a shorter time than will an epi-
thelial cell which lives for several weeks. The radiation sensitive phase of
a lymphocytes may be quite short in comparison to that of an epidermal cell, If
this is true, then the mitotic activity of the lymphoid tissue and jejuval epi-
‘thelium recovers sooner than that of the epidermis and adrenal gland and the
dop in the curve of mitotic activity is not as marked, Such an explanation is
sdmittedly bypothetical bubt, at least does not deny the relationship between
mitotic activity and ultimate tissue damage.
CONZIUSTONS & SUMMARTS
1, ‘The mitotic activiiy of the adrenal gland, lymph node, jejunum and epi-
dermis of the mouse respond quantitatively to irradiation with 250 KV

Z-rays8,
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Xhere is a lack of correlation between the sensitivity of the mitotic

activity to ionizing radiation and the radiosensitivity of different

tissues, It appears thst the tissues which are most radiosepsitive

- ghow less interference with mitotic activity than those tigsgles that

show lesgs bistologic respon;se to imdiaﬁon/

The Bovercomgzensation® phencmenon seen ir the response of the mitotic
inde:é to irradfation in severel tissues kes been discussed inrelation
to possible mechanism, .

En attempt has been made to explain the sbortive rise in the mitoti@-
indices of the adrenal gland and jejunum by the use of the direct and
indirect concept of radiation injury.

Elthough it is impossible to evaluate the fundamental significance of
the change in mitotiec activity after irradiation, it should be possible
to use the depression as a measure of the biological effects of dif-

ferent types énd different energies of ionizing radiations.
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(Contribution from the Los Alamos Scientific Laboratory of
the University of California, Los Alamos, New Mexico)

IHE EFFECT OF TETHAT, DOSES OF X-RAYS ON CHITIFD AND THYROIDECTOMIZED ANIMAIS*
Touis H, Hempelmann, Teodore T, Trujillo and Norman P. Knowlton, Jr,

_During the past few'years much information has been accumulated on the
effects of ionizating radiation on living tissues., Despite this, however,
ther‘e has been only a limited amount of progress in the treatment of radiation
s:nf.ckness° Rutin and antiheparin substances have been found to protect specific

systems to some degree and chilling of animals has been shown to offer some pro-=

tection from the lethal effects of radiation. In view of the latter results, an
. . /

effort has been made in this laboratory to repeat and extend the study of the

effects of chilling on the lethal effects of X=rays and to determine whether or

not the lowering of the basal metabolic rate by thyroidectomy will give similar

-~

protection,
Pive separate e;tperimen'bs were carried out using mice and rats as expe.rimen=
tal animalss
"1lo ' Chilling of rats exposed to 1000 r. of X-ray.
20 Chilling of mice exposed to 525 and 625 r, of X-ray.
36 Chilling of new born rats exposed to 1000 r., of X=ray.

bo The effect of environmental temperature on the lethal
effects of X-ray on mice,

5e The éffeect of lethal déses of X-ray on thyroidectomized rats.

CHITLING OF ADULT RATS:-- Wistar strain albino rats were exposed to 1000 roentgens

of E=ray at a rate of 150 roentgens per minute, When chilling was done, nembutal or

magnesium sulfate was used to facilitate the lowering of the body temperature, The

magnesium sulfate was injected as a 5.0% solution using 100 mgm, of drug per 100

* This document is based on work performed under Contract No. 7405-eng-36
for the Atomic Energy Commission,

;
§
l
|
|
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gramg of body weight. When nembutal was used 4 mgm. of the drug per 100 grams
of body weight were injected as a Ooé% solution, The arugs were injected intra-
peritoneally, ' There was some difference in the results obtained with_the two
drugs, but_the varistions were felt to fall within the error of the experiment,
One=third of the animels received no drug or chilling; one~third was injected
with magnesium sulfate or nembutal but were not chilled, and one=third recelved
one of the drugs and wes chilled, Of this latter éroupg half was chilled after
exposure and half was chllled before and after exposure.

The body‘temperatume of the animals was lowered by placing them in a special
refrlgerator at a temperature ranging from 5 to 8 C. Those animals vhich were
chilled only aftef expogure had body temperatures of less then 30°'G° for aboutb
three hours, The average minimnm body temperature was 220 G, In the group of
animals which were chilled before =ray exposure, the body temperatures were
lowered to 30° €. or lessnbefbre béigg irradiated, .After being exposed to Te=rays
the body temperatures wefe kepf‘bBIOW'30° G, for at least two and & h;lf hovrs
with an average minimuﬁ temperature of 229 C, with a renge of 18 %o 26° C,

The animels ﬁhich were not philledwere placed in a Fisher oven at a hempera-

ture of 35 = 38° €., during the same_period that the other groups were chilled.
The rectal temperatures of each individual animal were followeq during the pro=-
cess of chilling or while being kept in the Fisher oven, &fter the above pro=
cedures the animals were kept for 30 days and the mortelity rate observede

Table I shows the resulis obtained from the abcve experiment, In the group
receiving magnesium sulfate there wes a slightly greater survival of the chilled
group but in the animals injected ﬁitﬁ nembutal this was reversed. The average
percent 30 days survivel for all of the animals receiving 1000 roentgens and no

drué or chilling was 20%3 for those receiving 1000 roentgens and one or the
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‘other drugs 24.8%, and :for all chilled animals 2205%.0 ‘Thus, there was no
smgmfican‘b difference between 'bhe 'hhasge majar groups of enimals,

CHIILING OF ADULT MICE:-- CF31 s‘braz.n al'b:l.no mice 7 to 8 weeks of age were
used in this experiment and exposed"‘to elther 525 or 625 roentgenso One
half of the anﬁmals Were ch:.lled in the same menner as described. in the pre-
vious experiment using adult rats and the o'bher half served as controls re=
ceiving onl;yj E-raye On_eahalf of ‘the chilled animals were chilled 'before and
after X-ray exposure and the other half were chilled only after -exposure.

In this 'experiment- there was no group of an;"Lmals receix‘ring‘dmg_end. no chill-
ing, as was done in the previeus expe_rimento“'The do‘eages of magn_esium sul-
fate end nembutal gi\'ren intraperitoneally were as follows: ‘magnesium sulfate,
1/ mgm, in 0,7 cc, of distilled water per animal and nembutal, 1 mgm., in

1,0 cc, of dlstn.lled water per ammlo

In the group of mice which was chilled before and after :I.r:c'adzz.at'l::l.on>7 body

temperature was lowered to 30° G, or less before X=ray exposure. After E-radi-

ation the body temi:eratures of 211 chilled animals were kept 'below 300 ¢, for

approximately two bours. The average-minimum temperature-was about 21° €, with

a range from 15° to 25° €. The unchilled group was kept at room temperature,
Individual am.mal temperature changes were. not smd:.ed but random reetal tema
perature measurements were made by means of a -nichrome-advance thermocouple
during the chilling ’I‘Jeriodo _

The results of this experiment are shown in Tables Ila and IIb, At the
525 roentgen dosage 'levei ;bhere ‘is a 304% ii}‘crease in the 30-day survival with
chilling and a 9,3% increase with the 625 roentgen exposure, These difference

in the chilled and unchilled animals do not appear to be significant,

-

s



ehe | 39

CHILLING OF_NEW _BORN RATSs== Wistar strain albino rats 12 to 48 hours of

age were used in this experiment. Each litter used in this experiment was

. divi<_ied_ into two groups. One group received 1000 roentgens of X=ray and

the other group b_vas chilled as well as irradiated. The chilling was done

in three ways; immediately before Xe=ray expc;sure , immediately after X-ray

_ exposure, or two hours after jrradiation. . The chilling was accomplished

by placing the animals in the ice c,;ompartment of a refrigerator at a tem=
Iz;era’cure slightly below ® G, The body 'bempera‘bures were lowered in 15 to
20 minutes to 2 to 5° C, as measured orally by means of a thermocouple,
After chilling, all animals were labeled amd _returned to their respective
1itters. | | . ’

The results of the exper:unent are shown in Tables IIIa, IIIb, and IIIco
K11 animals died inmde of nine days except in the group ‘chilled before exe
posure., In this group two. am.mals survived the thirty day per:‘i.odo At the
ninth day 33 of these 74 ch:.ll_ed animals Were still alive and at the eleventh -

day 19 were .still sﬁrvivingo

375 gFq strain mice 6 to 8 weeks of age were exposea 'bo 675 roentge‘ns of Xeray

and divided :Ln'bo 'bhree groups of 125 an:x.mals each, The animals were placed

in a speclal cabinet with compartments kept at 0=109-C. 5. 18=24° €., and 36=37° C,

The. an:n.mals were: fed and watered in their respective .compartments for a period
of th:.r'by dayso : ) o

, The results of this experigneﬁt are shown in Table IV. None of the group
Yept; 4 0-10 G, survived the 30 dey period, the last animel in this group

having died at the 23rd day. At 18-242 6. 4o8% of the animsls survived the

| 30 day period and 12.8% survived at 36=37° o




- a0
-5

TiE EFFECT OF TETHAL, DOSES OF X=RAY, ON THYROIDESTOMIZED RATS:--Seventy-seven
mature rats {37 males and. 40 females) were thyroidectomized. After e poste
operative recovery period of abeu'b 'one moni?h 50 ‘bhyroide_ctomized {20 meles

. and 20 females) and 40 normal rats of eimilar age were exposed to 1000 roent-

- gens of X-ray, The animal_s wiere obser'ved_ for 30 days and upon the death of
a tl}yrozj.deqi?omized animagl a post-mortem mﬁxination was made to determine
whether or not there had been thyroid regeneratioeo In the 28 thyroidecto-
mized enimals examined seven had a small portion of one thyroid lobe present,

The -remaining 37 thyroidectomized rats. (17 males and 20 females) and

37 controls of the same sex dietributioﬁ' were. treated in the same manner as

thé above 80 animals -except “the dosage of X-ray was lowered, to 800 roentgens.
'Postnmortem examination of the 24 thyron.dec‘bom.zed animals that died showed

. regidual thyroid t:l.ssue on one side in 4 am.mals and a small amount of thyroid
tissue on both sides of the neck in ons a.nimalo' -

S The results of the above experlment are. shown in Tables Va and Vb, There
was 2. 5% surnval of both 'the thyro:Ldec'bomlzed and the control groups at the
1000 roentgen dosa.ge 1eve1o In. the. ammals rece:Lv:Lng 800 roentgens 400% of

: the- controls.an@ 35.1% 'of"the"'bhyro:.dectomlzed animals surv:wed_BO days.
RESULTS. |
Ir;.edul'b rats receiving -IOOb reenfgene of Xeray there were no significant
. differenceg in. percezit 30 day survival bétween’the animals receiving 1000 roent-
gens only (20%) , 1000 roentgens and - magnesn.um gulfate or nembutal (24.8%), and
1000 roentgens with- drug and chilling: (22 5%)0 Ldult mice :eradia‘bed m‘bh ‘525
or 625 roentgens shoved a slight but not-significant increase in survival rate

after chilling.. Yihen new born rats were chilled 1o 2=50 €, immediately before
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being exposed to 1000 roentgens ﬁhere appeared to be a significant increase
in the average length of life.of the animals in comparison with the un-
chilled rats, There was no significant difference in survival between

the chilled apd the coz}‘g,rol new born rats w_h_en the chilling was performed
immediately after or tvio hours&af’c.er X=ray exposure. :

In adult mice exposed to 675 roentgens of X-ray and then kept at dif-
ferent envirom‘nental temperatures for 30 days there was an increased sure
vival rete with an increase in temperature (0% survival at 0=10° G.y 4.8%
survival at 18=24° C,, and 12.8% swrvival at 36-37° C.) 'I‘hére was no sig=
nificant difference in the percent thirty day gurvival between normal and
thyroidectomized fats exposed to 800 or 1000 roentgens of X—rayo.

SUMMARY s
New born rats chilled to 2 = 5° €, before exposire t‘o l;athal amounts of
E-rey irradiation showed an increased survival rate as compared to unchilled
control ratgs., The lowering of the environmental temperature of adult mice
e:éposed to 675 roéntgens of X«ray decreased the thirty day survival rate.
Ldult rats and mice shoﬁed no significent increase in the thirty day sur-
vivel rate when chilled after or hefore end after irradiation., M&dult rats

were not protected from the lethal effects of X-radiation by thyroidectomy,

!




- TXBIE I - CHITLING OF ADULT RATS

RATS = MAG. SUIFATR

18
&

Total % 30 Day Mean
' Group No. Rats R Survival Life Remarks
1. Gontrols (Rad.) 60 1000 2168 1204 dsys
2, Red. + Mag. Sulfate 6 1000 26,63 13,9 days
3. Rado + McS. + Chilling 36 1000 . 30.5% 13,6 days Chilled after
. - exposure
4o Rad, # MS. # Chilling 29 . 1000 27.6% 16,1 days ©hilled before
. : & after expo
3&4 65 29,04  14.7 days 411 chilled
animalg
RATS - NENBUTAT
Total T 4 30 Day Mean ’
' Group No, Rats R Survival Iife Remerks
1, Rad. Gontrols’ 60  -1000 18.3%  11.7 days
.2, Rad, ¢ Nembutal 53 . 1000 -.22,6% . 11.9 days
3, Rad. ¢ Nem, # Chilling 29 1000 6.9% 8,5 days Chilled after
' . . s ~ exposure
4o Red. + Nem, # Chilling 26 © 1000 23,1  13.1 days Chilled before
. & after exp.
3&4 55 - 15,04 10,7 days M1l chilled

animals
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TABIR 1Yz o OCHILLING OF ADULT MICE

MAGNESTIUM SULFATE:S

Chiiled Total Nou & Survival Total Noq 7 Sorvival
fnimals Mice R__30 Days Mice R__30 Days
After Exp, 9% 525 55.5% Controls 98 - 525  45.9%

Before & Lfter 86 525 36.4% Controls ' 92 525 42 4%

PXDOS

NENMBUTAL:
Efter Bxp. 84 525 . 62,04  Controls 89 525 66,13
Before & After yZA 525 86.5%% Controls 86 525 69.7%

&208111“6

T == == s —1

MAGNESTUM SULFATH:

After Expo 100 €5 6404  Gontrols 99 €25 54050

Before & hfter 92 625 59,84  Controls 99 625  45.4%
[o)-1¥a:] . . .

NE!MBiITELs .

- KEfter Bxpo 79‘7 625 60,8% Controls 100 625  55,0%

Before & Lfter 99 625’ 2502% Controls 97 65  16.5%
Expogure -

o




TABIR ITb - 30 DAY % SURVIVAL OF CHITIED MICE

GROUP

. CONTROIS. -

43.0%

525 R 625 R
CHILIED Am'mi_ 5806% 62.4%
. CHILIED BEFCRE 59038 4182
I, CHILIED 59,08 5238
55:6%

44




TEBIE TI1Ja - NEW BORN RATS CHITIFD IMMFEDTATELY BEFORE EXPOSURE

. GONTROLS -~ 78 RATS CHILIED - 7/ RATS

‘ "No'., Surviving After Bxposure ' Noo, Surviving After Exposure

i o@m 1o 111
29 20. .29 . 23 . 22 29
18 23~ 20
D2 oy . - 23 16
.2 10 .21 23 12 25
26 S 2

26-- . . 13 22 .20

OV BT O WM™ W N R O‘E

16

E-B
o &
o

13

30

i
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TABIE TITb - NEW BORN RATS CHILLED IMMEDIATE AFTER EXPOSURE

TABIE I1lb = N BOR N R e A R

_ CONTROLS = 39 RATS

CHILIED - 43 RATS

No, Surviving Lfter Bxposure

No. Surviving After Bxposure

A
\OOOQO\W-L\\DNHOIE

I Il I i SR « S v+ O
11 9 19 12 ° 22
11 9 14 12 9 22

9 9 6
5 8

6 3 5 4

7 3
6 o A 0 0

0
0 1
0 0 0 0] 0 0




TABIE, I11Tc - NEW BORN RATS CHITIFD 2 HOURS AFTFR EXPOSURRE

CONTROLS - 23 RATS CHILIED - 49 RATS
. SUM OF

DAY NO. SURVIVING AFTER EXP. NO. SURVIVING AFTER EXP. CHILIED

0 23 - ' 24, 25 49

1 22 24, 25 49

P 21 21 24 45

3 | 23

4 17 17 23 40

5 .

6 10 13 18 31

7

8 1 2 2 A

9 0 0 0 0




: NO, SUR= %
GROUP KO, CF . VIVING SUR=-
MICE  TEMPRRATURE 30 BAYS  VIVAL _
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TABIE Va

THYROTPECTOMIZED RATS = 1000 r.

ANINMATS  SURVIVING

OF

NO,

THYROTHECTOMIZED
~_Male

Female

CONTROLS:
Male

Female

DAYS LFTER

20 - 20 20

20

18

19

20

20

17
17

10

15

10

10

15

16
18

20




50

TABIE Vb _ - THYROIDECTOMIZED RATS - 800 o -,

NO, OF ANIMATS SURVIVING

DTS AFTER ~gommoEs  THROLECTONZED

EXPOSURE _Female _lale _Female __lals
0 20 17 20 - W
1 20 - 17 19 .17
3 20 17 18 17
7 18 17 15 17
8 17 17 12 16
9 Y, 15 9 15
10 1 1, -9 13
11 10 13 9 13
12 8 13 9 1
13 8 12 7 11
L, 8 11 6 11
15 8 11 6 10
16 7 11 5 10
18 5 11 4 10
20 & 11 3 ‘ 10
30 b 11 3 10
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(Contribution from the Los Alemos Scientific Laboratory of “the University
of Celifornia, Los Alamos, New Mexico) :

. DEIAIL AND.SURVEY. RADIQAUTOGRAPHS*:
W, Ward Wainmgm;ﬁ* |

kY

The use of “quasiamicroscopio“ techn:.cs in rad:.oautography has 1e£t mach to

) 'be desired in the study of the cellular dis‘brlbu'blon of radioactive elements and

1abeled compounds (20), . Thé :mtroductlon of, nuclear track emilsions in radice
autographic techm.cs (9) has added the poss:Lb:Lhty of studying the localization

of radiocactive- substances at oil ’:.mnprs:.on ma.gn:x.f:l.ca't.:Lono Alpha tracks have been

q studied at high magnification _(991) ‘in conjunction with soft tissue sections mount=.
_ed on the emulsion (1(599)0‘ The localization of betd omitters has been studied at

high magnification in tissue sections and blood smears (6; 5). The principles of
radioautographic technic..have 'oeon reviewed recently (194,11,12) o Technicg for
special purposés ‘have been descri:bed; (14915>95;189550

The much used m oz; contact type of radicautograph (2,13) illustrated in
Figure 1 is indispensiblo for atéimdy' of thé gross. distribution of radicactive
mater:.alsa This figure shows the distribution of plutonium in the tibia of a
young rat, The section was cut unsoftened (16) at 10 u . The survey examination,
however, gives only ‘the .gross p:j.c‘mre‘ and does not reveal directly the detailed
localization of this heavy metalo

A _cleia_i;_l radicautograph is equally indispensible., Its application to bone
is seen in Figure 2 which was prepared by mounting a second thin section of the
tibia on nuclear track emilsion. The detail radioautograph makes possible the de=

termination of the localization of plutonium with respect to cells.

3
§

* This document is based on work performed under Contract No. 7405-eng-36
for the Atomic Energy commiss:l.ono ,

*  Grateful acknowledgement is made to Mrso J'ulie Wellnitz and Mrs. Norma
Lanter for technical assistance, )

#*%#% On leave from Washington University School of Dentistry.
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The ,interpretation of a-detail radioautograph depends upon the determination |
of the point of of:‘i.gin of the emission., Although this is far more easily accome
plished for alpha particle emitters, as in Figure 2, much information may be ob=
tained from the examination at high magnification of a béta particle sensitive
miclear track emulsion (5,7,8) A desecription of the types of nuclear tracks is
given by Pawell and Acchialini (19),

Nuclear particles leave their points of origin in the tissue and travel in

random dn.rec’olonso About half of the particles enter the emulsiono The silver

grains wh:u.ch l:n.e in the:Lr path are struck and rendered developable. The series

of silver grains in a single path, when developed, ‘become & nuclear track (&,
Figure 2), The tracks end somewhere within the emulsion with a mean i‘ree path
length determined by the type and energy of the emission. * Thus, the track can be
retraced towards the locus in»the tissue froxq which it origilzxated by focussing up
and down with the fine ;adjustment of the microscope at high magnification. For
purposes of orientation the points of origin may be marked on an enlarged photo=
micrograph with map tacks. As markér after marker is placed at the begimning of
the tracks thé pattern of localization of the radicactive substance can be visual-
ized, The orderly localization of plutonium in the region of the zone of eroded
cartilage cells of the tibial epiphysis is shown in Figuare 3,

Outlines of survey and detail radioautographic tec;hnicS' are given in Table 1.
The necessity for the use of pressﬁre to insure intimate contact between tissue
and emulsion for survey radiocautographs ilas be.en demonstrated by Sherwood?s studies
(21) of m:‘i.créfadiographic technic, Nitrocellulose sections are mounted on muclear
“track plgtes by qérrying a flat section wet with approximately 75% alcoho].con a sec=
tion lifter to the emulsion. The water and alcohol render the gelatin surface sticky

enough to hold the section securely throughout processing. The section is quickly
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covered with filter paper (Whatman®s No. 1) and the excess alcohol taken up by
moving a tissue roller back and forth over the plate. The nitrocellulose is
immediately removed by immersion in ether-alcohol,

Selection of the emulsion is greatly simplified by a realization of the func--

tions of the gurvey and detail radiosutographs. For gurvey radioautographs large
grain size is not objectionable., Even the shortest tracks, such as those from an
alpha particle, may radiate a distance of 20 u . Thus, the total width of the
radicautographic image of a point source of alpha particles may be as great as
40 u (4). For beta emitters the images will be much wider (4,17). Therefore,
since the fastest emulsions have a grain size sufficiently-small to show all the
detail possible by the.contact radioautographic technic, the selection of an emul=-
sion resolves itself to a matter of the emulsion speed desired. Fast X-ray films
offer the advantage of\ the shortest possible exposure time for survey radioauto-
graphs, Procesging of the emilsions must be carried out according to the mamufac-
turers’ /recommenc'iatiqnso
SUMMARY.

l}adioautographic elaxamination of thin tissue sections iis accomplished by two
complementary procedures. Survey radioautographs may be obtained by the well-known
method of pressing the tissue, mounteld on a glass microscope slide, in contact with
a fagt X-ray emulsion. Detail radioautographs for examination at high magnification

under high dry and oil immersion objectives may be obtained by recently announced

methods in which the section is mounted directly on a muclear track emulsion.
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FIGURES 1, 2 & 33

FIGURE J .

FIGURE 2

FIGURE

)

IRGENDS

Tibia ‘of a 9 day old Wistar rat, 16 gm., injected
intraperitoneally at 7 days of age, aﬁproxo 10 gnmoy
with 5,9 ug, plutonium as citrate, Ten u sections
of unsoftenad bone, {Rat 133 Spec. 133; Embedded in
nitroceliulose; RoSo 1/2 Sec.) .

Survey ﬁadioautographg by contact with Eestman Ultra=
gpeed Bental Xe-ray film, exposed 31 days.

&, Indicates area of the detail radiocautograph.

(L. 0OLE9E)

"Detail Redioautograph, tissue section mounted on East-

man NIA plate, éxposed 7 days.

ko klpha track (tissue end in focus).

B, Zone of vesicular cartilsge cells (tissue plans
out of focusjo |

C. Zone of eroded cartilage cells,

Do, Primary spongiosao‘
(P1, 0633 steined with hematoxylin eoging Bausch
end Tomb Ampliplan 6, Zeiss oil immersion apochro-
matic 603 extension of camera 50 Clo)

Localization of plutonium, in the detail radiocautograph

of Fig. 2, marked by placing map tacks at the tissue end

of each miclesr track, Note the orderly distribution of

- plutonium as against the apparent haphazard arrangement

of tracks seen in Fig. 2o
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TABLE ZI.

OUTLINE OF RADTOLUTOGRAPHIC TECHNIC

59

Survey Radioautograph |Detail Radioautograph

Contact.

Mount tissue on micro-
scope slide {stain
after radioauto-
grephic exposure).

Secure film to glide

© with teb of scoteh

_ Mount tape. Mount tissue
rap appropriately. to0
prevent. scatter to on emlsion.
next film,
Clamp between glass
slides with 2 (7 1b. )
paper clampse -
Expose in box, painted
~_black ingide and out
&ldpha graphs
Alpha or beta
sensitive nu- '
) " clear track emul-
Emulgion Fast X=ray Film _sion,
BetagraphsBeta
sensitive nuclear
Track emulsion,
Exposure “Bstimate exposure time Lpproximately 1/3

from experience with
comparable material,

exposure time of
survey radicauto=
graph,




%NATHRE:(IE‘ TBEBEER&GTIVE GRANUI.ES IN HUMAN IXMPH@E @U}V‘,,\:I
Norman I’o Knowlton, Jr. and Louis H. Hempelmann N
Badlo'biology Section of the ‘UniVers:.'by of ‘Cali=
... fornia, Los. alamos Scientific Iabora.tor,y*, ‘Los

Aﬁamos, N,M,, el s _
".I.‘h&w:istance of refrac‘h:x.ve %odies in the cyboplasm of’ hzmem lymphocybes ha.s
' "Been }mown since Galls or:.gmal description in 1936o Recen%ly it has been o‘bserved

’ :hx th::.s la.boratozy thart the mmher oi' these refract:x.ve bod:.es per Jmhocyte Jne

creases in persons chron:.cally exposed to 1ow level doses of ionizing rad:.a‘biono

This observation led to an interes’c in the nature o:€ these bodies :m the fhope that
such information would illucn.date ~l;he mecham.sm of tlssue damage~ causea. b:rlow level
ionizmg i:cra&ia‘biom The obsméhzons oi' 'Bhe‘ op’oical pcropert:.es, 'bhe histocheni—
’stz:y, and ’che method of fomation of these bodies a:ce reporbea J:n thie article.
mnn‘s OF E mmmm*m B(m;

Ao'; . General Deﬁcri .'
.' The rei’raot:.Ve gramﬂ.es in human lymphocytes vary in sizs from about one micron
~dn dia.meter down to the J_::mit of def::.m'l:::.on of an ord:mary microscope (approximately
, 'ODB microns) They ere usmlly round bu‘t"same‘bimBS slightly oval in shepe. The

rei‘ract:wrby is compa.ra.‘ble to that~ of the granulee of the eosi:nophil, but tbhey ha.ve
‘noner of 'bhe d::.scwlike appearance of those spec:.fic gramﬂ.eso ‘l‘he granules are usr»
_'uall:v observed on),v :Ln ‘Ehe lymphocyte bu.t rarely 6n8 or “bwo similar gra.mzles may be
. 'seen_zm the monocy‘beo The m:un‘ber :m monocytes has no'b been quan'bitated, In wet,
amstained. preparations .of norml human ‘blood 'bhe mzmber of granules in each lympho«n .
cyte varies from none up “to ten or twalve.. About 50% of 1ymphocytes have no grana

#This documen®.is Based on"werﬂ;perferm&'un&er con‘&ract R‘oo Yw’?&DBevengo% for the
Atomic Energy Project, and the information covered therein will appear in Division' -
¥V of the National Nuclear Energy Series as part of the contribution of the Los
_ KJamos’ I.abora.toryo ‘
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uleg, 30% have one granule; 10% have two gramules, and the remaining 10% is made up

of” lymphocybes vr.i.th 'bhree or more granules. When one or twa in rumber, the gra.nules

'azausually located near the hof of the nucleus, but m.th lugher nm‘beu:s, a.re gener- ;

- a]ly sca'b{sered a'h random through.out "the entire cyboplasmo In fresh wet preparations
'bhe granules appear to have two types of mo’c:.on o one, a qulck vi'bra:bory activity
consistent with Broum.an mOVement and, secondly, a dn.rectaoml moticn -which is ap=
’:parently the result of 'bhe S'breama.ng of cytoplasmo . Ineome cases 'bhe gramﬂ.es i.n

| fresh preparations of lymphocy'bes show free movement throughout ‘the enti:ce cytoplasm., )

- The movement of . th:.s body is markedly greater than that of the mn.tochondria which
appear to be more- rigidly fixed in ‘the cytoplasmo In older preparations, as the
lymphocyte loses its mot:.I:l:by, the grannles usualJy settle close to the micleus in
N'the region of 'bhe hof and lose 'bhe:x:r: dlrectlonal mo‘blon bub cont:ume 'to show a normal
'amount of- Brmmian movemen'bo ‘. A ' »
B, Egical Pro;@tiess O J R -

' l The oprbical properl::.es of 'bhe refract:.ve body are summa:clzed in Ta.ble Io The A
'value of 1o45 = Lok8: for the refract:rve index was determmed 'by observing 'bhe body

) ;a.n varlous media of known refrac'bive :mdeo:, a me‘bhod commonly used i.n clin:.ca:l. mcro«-

' - ’. sco;plyo The body appears very refractive in wa:ber (refractiVe :mdex 1o333) o It can= "
" not be. seen in- purs - glycer:m (refract:.ve :Lndex 104'7) “but: is again eas:.‘ly visualized
‘:m cedarwood oi_'l. (refrac‘biVe :Lndex 10515)., The optical phenomenon related to the
Becke line of microscopd.c crystallography are revefsed dependlng upon whether the
ey refractive index of the medium is h:x.gher or 1ower. 'bhan that of: ‘the bodyo ‘
focuss:mg npwamd from 'bhe body suspended in water causes a change in appearance
. from ’blaok *bo 'brillian'b wh:L'be, while the same maneuver of 'bhe 'body is- moun'bed in
: cedarwood oi.l causes rb to change from whiteto 'blacko y ‘use o:f.‘ glycerln a.nd water
mix‘b‘u.'::e in wet preparat:.on of 'blood and. varlous o:.ls on. dry unstained blood smears,

\\\
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it was possible to 1imit the ve.‘i.ue of the refractive index of the body to the

figures mentioned in Table I,
Observatlon of the particle mder the phase microscope shows the gramﬂe

, to have a h:Lgh phase contrast. Th:Ls is to ‘be exp%'bed because of the hn.gh ra=
fractive index, Phase microscopy at- high mgnﬁ.ficatlon gives no ‘better optical
 definition than does ordinery microseopy. When observed in a polazfizipg micro=

" scope; the gramile ghows no double refraction phenomenon and, therefore, must

be isotopicd No inherent color was noted in the gramﬂ.e in any of the dlfferen'b
’c.y'pes of pphical @‘bsemtionso

ol‘n‘bil:‘i:bz l’roger"b:.e 8

The aoimﬁlity of the rafractive body in orgamc salvezrbe and other clinical -

agents is. shown-in. Ta‘ble IIo ‘One of- two techmq_ues was used 'l;o de'berma.ne— solua
bility depending upon whether or not the solvents were miscz.‘ble uii;h watero In

" - the case of water-miscible sol‘Ven'bs ; it was .possible to m so‘.’!.utions into wet

' .. preparations of blood. and ‘to 6’bseﬂe the effect on ihdi‘vidual bodies. Spedial

plastic slides with parallel grooves 5 mm. apart were made. and u.sed :mstead of

ordmary glass microscopic slideso A smail drop of blood was- pia@ed 'betwe@n the

grooves and covered with Noo O coverslipo By plac:mg drops of the solven‘b to be
) 'bested a.t -one end of the gooves and applying a piece -of f:.‘lter paper to the other

. end, it wag possi‘ble $o flush ‘bhe s:ys‘&zem with 'bhe solution, If- the ‘blood -preparas

o tions were allowsd to. dr:[ sl:.ghtly ‘before employing this te@hnlque,, the Iympho= .

- . cytes anchored themselv@s to thsa glass slide and their positlons wer&not influ-

e I R il [ e

enced by 'bhe s‘breaming ﬁ'uidso Tlﬁs ‘the granules in '!;he same lymphocybe could be

~I.examined 'befor69 during and after treatnento 1n the case of wateramersible chemi-

calsg 'uni‘ixed dr:.ed. ‘blooa smears were immersed in the solvent for va:rying periods of i

H
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time. The smear was then vrashed_mith water,, covered with a drop of methylene bﬁQ;

P - t—— - -— =

An isotonic saline ‘under a: coverslino 4% least twenty" fi.ympho@ytes were examined for

o e - . -

the presence or a‘bsence of gramﬂego

It must be empbasgized tha.’c the solu‘bllity data given in Table II is not abso-

‘lute. The volume of “the particies is go small (approx. 407 =9 to 10° 0-10 ems) that or-

*dinary eoncepts of mic:{so@chemical sol%fm.lity do not apply. One must be satisfied -

e

. with rela‘bive sol'ii‘ba.lities 3n various solventso

D, Stainin Pro erties:

Table 111 lists the staining properties of the refiactive bodies ag determined

by va:iggs 'hi‘stowhgmical procedureso The peculiar refract:.nty.and solubility of
the bodies made it necessary to modify many of the standerd téchniqueso Interpre=
tation of the results was often difficult, if not impossible, Thus, it was found
that the refra;ctiveneéé 64‘.“ the body was so marked that it was impossible to deter=
mine whether small a.mounts of a water soluble dye had been taken up by the body.
In certain instances it was possible to circumvent this d:.fficulty by chang:mg to
to a mgdium of a h:lgher refra‘cti:ve ﬁ:nd@: (@ogo omi@ acid) .’ It was also a‘b‘va.ous
that no conventional stain' 'ivh:‘i.ch. employéd éthyl aiéohoi solvent could"be.used: ‘
m:bhout modiflcationo Since mogt. fat sta:ms 9 incluﬁing the Sud.an stains,

strong’ tinctureeg they easﬁy dissclve the refractive ‘bodies before they can be
stained, Watering the stainsg to the point that they do not a'btack the gra.mﬂes
renders them less 'effic;ient in stain:mg 1lipids and makes difficult 'bhe interpre=
.t?-bion’ of the resuit‘sc; _ | | h

ilesultss h

.1, Lipid Stainss A o »
As pointed out above,- the Sudan stains are used in organic solvents which by
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themselves dlssolve 'bhe lymphocybic gramleo ‘Sudan III was_ used in 40% ethyi‘bﬂcoholg
scarlet red in_a»mixture of equal parts 70% ethanol and acetone, and Sudan Black B s

uged in '70% alcohol When ’ol*e soivente ere dlluted mth water in order to avo:Ld d18=

solv:mg ‘the granule s the Suda.n stains 'bece.me increasingly insoluble in the solution and

no staining cou.'l.d be demonstratedo Thus,, the results with these stains are actually .

inconclusiveo

The Nile blue suli‘ate sta:.ning was carried ou‘b 'by allowing an isotonic solution
of the stain to run’ into a wet preparatlon of bloodo The staining ‘of the gra.mﬂ.e was
e slight but definite Blus, ' | .

If equal parts of a 2% aqueous solution of ‘ogmic acid and whole blood are mixed
on & slide s covered w:.’c.h a eoverslip,, and sealed with petroleum Jjelly, there 18 an

apparent--gtaining oi‘ the gramﬂus in the firs’c 10 to 20 mirmteso In order to show

. that. the blackening ::.s due to the reduction oi‘ osmic aeid,; gly@erin can be added to -

the medium to increase the. refractive index t0 lo4d mth no change :m the ‘black color
of the gramﬂeo

20 goimccharide Techniﬂe _ ‘
“The FmﬂgencBauer stain for glyeogen and Gomom“ s- procedure for glycogen and

misein were carried out according to the prescri‘bed tec‘hnique ‘except that the alcohol
fixation was eliminated because 6f the solubility of the gramule on this solvent,

.The periodic acid procedure for polysaccharides as outlined by Hotchkiss was done

using the alternate procedire of aqueous solutions.

3. Protein Stainss

Methlene blue, toluidinesblue and pyronin ¥ flooded into a wet preparatlon

all appear to stain the residue left after treatment with 70% ethanol. If one

attemp‘bs to stain the granules with these dyes before treating them with organic

- solvents, only a few of the larger ones are definitely stained a_nd the smaller ones,

becausa of 'bhe high refract:.v:.ty of ‘the body and their mmutene839 are not definltely

T T Y i SReD - 9 v T - e e s
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stained, This also holds true if one fixes the blood beforehand with 20% i‘orme.lin,

, N'azcoB or la.nthanum acetateo In the Feulgen rea.ction the preparations were not placed

in 95% alcohol to exbract the su'bstance in pla.sma. wh:Lch is Feulgen positive but othere
wise it was ca.rried out routinely,

Incubation with ribonuclease caused no changes in the staining propérties of

'the residue at a concentration of 005 mgo per ml, but the pH of this medium was not

accurately controlledo Stowell (194'7) has shom ‘that 'bhere is no sigmﬁ.cant differ-
ences in the engymatic activity _'t;etween PH 5 to 8 when usipg & concentration of Cry=

~ stalline enzymes of 0.1 mg,/nilo and incubating for '3 hours. - The incubation in our

experiment was car;-q.ed out for as long as 24 hours with no demonstrable change in
Qainir;_g_ pgopertieso ‘ 4
4. Supravital Staings

Neutral réd stains the gran‘uled a reddigizqorgngé' color. The. coior can be seen
only s];ight_ly in ‘wet preparations ddé to the high :re'ilf;'gd'b.;l.vé index of the granule,
but if neutrel red is added to heparinized blood and fd'ozen;dried smears are madd,
the red refractive granules can be demonstrated. ‘The ij‘rozen-dried films are made
by freezing the blobd £ilm 'before' it drieé by_plungiug. it into 1iq;uid nitrogen and

then dehydrating it at O°2 microns of Hgo This‘preserves "the normsl cell contour

ard gives less distortion of the cell. constituents than ordina.ry drying  The red="
dishporange color of the granule would indica.'be that the pE of the granule was
about 7.0 since neutral red is a acarle'b red e.'l; a pH of 608 ‘and yellow at a- PH of 8.0.
The peroxidase test of Sato and Seldyz unmodii‘:l.ed gave nega.'bive regults.

MECHANISM OF FORMATION OF THE REFRACTIVE BODIES:

It is known that toxic agents in the human ‘body cause an increase in the number
of refractive granules in the cytoplasm of the lymphocyte. In order to see if this
is a direct action, several methods of injuring the leukocytes in vitro have been

gtudied,

Y L SRSt ot AN A AR T T
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The Influence of Neutral Red on 'bhe Develo nt o:_ff the Reffact;lre:(}ranql_es:

Cre e e mb e e Wae wow wiyr W - o S - o =

I’c was noted in s’oudy:mg ‘unstained web preparat:.ons of blood that there were

P .- - e wrN e = er  mm = m - e - s e w w R e s e me mmbm e e W e

fewer refractive granules in these lymphocytes than in blood ifilms stained supra-

st s e m mms = e = erS e - o - [P W M o e - —_— =

‘vitally with neutral red and Janus greeno It has long been known that neutral red and

other 'basic dyes increase 'bhe number of cyboplasm:.c vacuoles in certa:l.n cellso In

- _-—— - - - . e b m—— =

order to show sta'bast:.cally 'bha"b there was an increase in the number of granules in

stained preparat:mn as compared ‘bo wel unsta:med preparat:.ons, a group of 'bh::.rteen

1nd1v1duai_!.s were studiedo ] The number o:E' granules per lymphocy'te were determ:.ned

-using both we'b uns'tained blood and 'blood sta:.ned wi'bh neu'bral red and Janus green,

— = .. e A Mmoo

The sta::.n itself, whlch ie much stronger than tha’c usually used 1n supravital stu=
d:l.es ? was prepared by add:.ng 0 6 ml, oi' a saturated absolu'be ethyl alcohol solu=

tion of neutral red and 0.2 ml, of Janus green in & similar solu’c:r.on ‘to 2025 mlo_ of

absolute e'bhyl alcohol freshly prepared by the sodlum phthalate methodo ThlS 0=

lution is then allowed to flow on to clean mn.croscop:.c slides and the excess immee .
diately wiped off, - The resul'bs of count:.ng the granules in these prepara’cions are
tabulated in Table IVO It can be seen that there are appro:d.ma‘bely twice as many

granu.'l.es per lymphocy‘he in 'bhe prepara“blons con'l:am:.ng neutral red and Janus green.

. &lso, the number of 1ymphocy'bes with six or more gram:les, show a striking differ- ;

ence in the two’ preparations with 28 such lymphocytes in the sta::.ned preparations

11

and only one in the unstained blood,

On the basis of the a'bove, the nexb step was to determne which of the two -
suprav::bal stains were responsible for the increase in g:ranuleso Thus, the ‘blood
of .nine’ :Lnd:Lv:Lduals was exam:med us:u.ng i‘ou.r different prepara:blons on each persono
~ The slides were- made W:Lthout sta:Ln, mth neutral red and Janus green, ‘with neutral
red alone and w1~'bh Janus green aloneo " -The resul'bs are ‘ba‘bula'bed in Table Vo It
- can be seen from this table that neutral red is the stain responsible for the in-

crease in granules as the blood stained with Janus green alone shows no increase in

granules :1.n comparlson 40 the u.nstained bloodo The d:l.screpancy between the granules pe;

N
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lymphocy'be in the similar preparations used in ‘l‘ables Iv and V can b be expl_afi.ned on -
the basis of the fact that the individuals mcluded_:_:.n Teble IV were, i in general,

frpm a group who were receiving more exposure 4o ionizing radiation than the ones

used in Table ve

Thus s it-cen be concluded tha'b neutral red in the concentrat:.on used .for TOU=

. bine examina'bion of blood in our laboratory has an e ffect on the lymphocy'bes manie

fested by the increase in refractive granules in the cello It is not felt that :bln.s :
is due to the smaller granules becom:.ng more evident to the observer since the crie‘
terion used for diet:mgu.lehmg these specif:.c granules from the neutral red vacules
is not the taking up of neutral red, but the refract:.v:!.ty Wthh is not. changed by
the adding of thls stain, |
Bo .. X=Ray Irra.diation In Vitros
' Since it has been -shown tha.’c chronic and. acute exposure oi‘ “humans to penetrat-
:lng ionizing radiatlon. causes .an increase in the mumber of refractive bodies in the
eytoplasm of the lymphocybes, in Yitro stulies were carried out to determine whether
or not- this wes a direct effect 'upon the cell, Twemty milliliters of heparinized
whole blood v.as divided into four equal porﬂl::’Lons° Two of 'bhe‘portions were exposed
to 1000 roentgens- of 250 KTX«:rays and “two ser\red as controls. .. After irradiation
one of the exposed spec:.mens wae kept at room Jbemperature and one at 5° C. The two
con'l'ﬁ-ols wére similarly kept e.t t];lese dif:f.‘eren’e tez_nperatureso A determination of
- the granules per lymphocyte was .carried out on Keach of the four Dleod .eamples .using‘
wet films stained suprav::ba.lly m.th neutral red and Janus green a‘b time mtervals
of one, six and twentyu-four hourso

R‘o least: lOO 1ymphocy‘b‘es were smdled -from each specimen at these spec:.fied

‘T ’c:rme intervals. - The resuRs shoned*that*‘bhere was ‘no difference in the mzmber of

granules per lymphocytes betWeen the four groups at any of the- three t:une periodso
It was also xnoted that the nmumber of granules per lymphocyte did not c_ha.nge during

this 24 hour pericd in any single blood specimen,
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It would thus appear that in vitro ‘frradiation with 1000 roentgens of X=rays does
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not increase the number of granules per lymphocyte and that :Ln t.wentyafour hours ther
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is no in vi'bro increase in number of granules in the control blood at 56 and at room

PRI - - —

Yemperature.

S

It should be pomted out that durlng -bh:Ls twen‘byafour hour periocd there were many

—— P ] P -t -

lymphocy'tes in all four specimens- which apparently died and also .‘bhere was a development

. - ——— -a e = - — T

of large, sl:.gh’bly refractive vaeuoles in the dying cells, & few of the lymphocytes

in the control ‘blood kept at room temperature showed definite life mamfested by -

¢ v s

mot:.l:.ty after three days 9 but oareﬁﬂ. obsem‘bions of the dji‘ferences in motility
‘between the four groups Wers not madeo ’
DISCUSSION:. ' _ . o
In genera19 1‘0 may be concluded from the propert:!.es of the fefractive granule
thét it consists onf.‘ two ‘bypes of compoundgo The major portion is soluble in 7(_)%
. alcohol and other orgé.rlic s'olven’cs_‘9 whj’.leji;.here is a residue which remeins after
treatment with 'bhese so].Ventso |

The ma jor portion of the granule is solu‘ble in organic solvents considered
fat solvents, Tie reduotion; of osmic acid is a nonespecific reaction Wthh is an
indication that the compound is umsaturated. Neutral red is also a non-specific
stain, but is known to stein lipids, -The results with Nile blue sulfate cannot

" be too highly regarded since the. size of the granule is such that it is very dif-
ficult to make out whether the inside of the granule is s‘ba.:med or :u‘.’ the color is
due to some material which could be-absorbed on the surface o '

If one agsumes that this ‘por'bionr of the gfamxl@ which is soluible in organic
golvents is & lipid and atbempts to. classify it on the basis of its solubility
charactéristics, the folloWiﬁg deductions can be made, The matorial is probably
not a lecithin, cephalin, or sphingomyelin s_:i.noe'these types of lipids are not
soluble in acetone, Cerebrosides (phromsin and kerasin) and sphingomgélin are
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ingoluble in ether. The cold alcohol solubilities tend to rule out sphingomyeling
phrenos?x}g_karasé.n? cephalin and neutral fats in general, It should be noted that
the gramile is isotopic and that i‘requentjy lipids are am.sotrqp:}cg- It ghoy{!.d be
pointet_i out also that the refractive index of human fat is about 1;&6 and this is
consistent with that found for the lymphocytic gramile, Thus, it appears that the
lipid cpmponent of the gramle does not £it with those usu2lly considereé in bio=
chemistry. |
The residue left after 'breatment of the granule with organic solvents may repe
resent the abgorption of ;::yboplasmi@ protein on the surface of the gramule before
or during treatment with solvents, This residue stains wﬁ.th ordinary basic dyes
and these same djes also appear to stain the intact gramules although it is dif-
ficult to be sure in all cases because of the high refractiveness of the bodyo
When the residue is treated with ribomuclease there is no change in its staining
proper‘bieso , This is an indication although not absolute proof‘ that it is not
rlbonucleic ac:.d in composi'biono o
It can be concluded that this body appears to contain a lipid-like compound

and a.prglbeil_z = perhaps is a 1ypoprote1n complex, The chemical properties of the
reMcﬁve ‘bpd;z and the increase after treatment with neutral red suggest that

this body may be part of 'bheAGolgi apparatus, DBustin, in a discussion of the con-
clusions of meny authors attempts to gimplify the concept of the Golgi abparatus by
describing it as a dynamic region of the cell where vacuoles staining vitally with
basic dyes are associated x;rith lipoprotein eytoplasmic membrances or structures.
He states that in _the simplest form they appear as lipoid granules vitally stained
with neutral red. Bourne (1942), after stating that the Golgi bodles are sol‘u.bil_.e_~
in fat SOlve;rbs and therefore contain a high percentage of fats and mentioning e
reduction of osmic acid concludes that they are probably fat and protein, with the
latter on the outside, so that they cannot be stained with fat dyes. He also points

out that the injection of neutral red into animels produced droplets in the area
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of the secretory gramules, but d:u.s‘b::.nc’o from the Golgi camal, Many observers
have gote@ 'l%l_e inérease of va;cuoies near the Golgi body in the cytoplasm of cells
exposed to very small concentrations of neutral red., They call this a "ioxic
reaction® or "protective secretory activity® on the part of the cello

Dusta.n points out that in many cases the basophilic material of the Golgﬁ.
aiaparatus is of the r:.bonucleoprotem type as indicated by ribomuclease studies.
Hibberd end Lavin, on the other hand, using ul‘braviolet‘microseopy on the Goigi
apparatus in chicken gizzard epithelium, conclude that the region occupied by
the Golgi apparatus does not contain appreciable amounts of nucleoproteins,
nucleic acid89 or proteins containing tryptophane and tzzyosineo

In genera19 the hteraimre on the.Golgl apparatus is qua.’ce confusing, namely

because of the large varieties of cell types studied, There appears to be,

however, some parallelism rhetwe‘en the present concept of the Golgi apparatus and

the refractive .granules in 'bhe' human "lymphoeybeo It can be stated that the dee
ve;!.opmer_r? 9;‘ 'ppe granules in the lymphocyte is a non=specific response to some
a’.!.teré:_l;iop in -eeI_LZ_!:‘meta‘bolj’.Sm ‘brough'b' about in specific cases by neutral red, -

jonizing radiation,edd possibly certain heavy ﬁetalso . .

SUMJARY S

J'.o - On the basis of optical properties, solubility studies and staining reactions,
i% is concluded that tie refractive graxule in human lymphocytes 1s probably
compesedx mainiy of a ‘1ipid and that i:b is either surrounded by or contains a

. s{n&ll am_o}mt of protein which is probably not ribomucleoprotein, _

2o Neutral '.iced in the concentrations used at this laboratory for routine supra-
vital preparations of blood increases the mmber of these rei‘:eacti‘ve gramiles
in lymphocytes over the mmber observed in unstained lymphocytes.

3, MAn effort is made to correiste the development of this refractive granule

with the present concept of the Golgi appara‘busov
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TABIR I,

OPTICAL . PROPERTIES

Genera.l
Refractive Index

Double refraction

'Phase @ohtrasﬁ

Inherent color

Quite refractive in wet preperations
1045 to 1048

Absent

High

None

"7
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20

30
4o

5o

6o

7o

8o

9%

SOLUBILITY PROPFRTIES

1

Absolute methyl alcchol
(I_tkegz_“actﬁ.t_re’_lndw: 103_2)

. Bthyl alcohol (R.I 1.38) .
35%
50% .
70%
. 75=100%

‘Bther (using &ry £iln)
Beotone (RoIo 1.358) -

chloroform (RoI. lokd)

Bther-Ethylalcohol-Water
Mixture (131s1)(R.Io 1035)

Water (RoIo 10333)

Dilute acid (14 acetic acid)

Strong acid (conc, HNO3)

10, Dilute alkali (3% NapCOs3)
llolsyrong alkali (conc. KOH)

12, Sodium choleate and soap

RESULTS

Moderate decrease in refractivity and size

1ittle if any change from normal
Slight loss of refractivity and size
The granule appears to be dissolved
with only & sgall dark, non-refractive
residue remaining, =~ )
Similar to 70%, except there is more
ghrinkage of the entire lymphocyte.

No evidence of gramile after treatment.

There is at first a swelling of the cyto=
plasm and then the granule disappears.

As the chloroform layer approa.éhes the

gremule, it loses its refractivity and
digappears. . .

The granule loses a slight amount. of re=

- fractivity and decreases slightly in size.

The cytoplasm of the 1ym15hocybe becomes
greatly swollen, but the granule remains
normal in appearance.

No effect

The granule disappears.

No effect

The gramule disappears

In both cases the cytoplasmic membrane .
is broken with release of the gramule, -

" bub with no change in the granules appeare

anceo -

.
\i
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STATNING FROPERTIES

STAIN RESULIS

&, TIipid Stains .

1, Sudan stains )

Sudan IIT - . Inconclusive
Scarlet red o .
. Sudan black B
2, Nile blues sulfate : ' There is a slight bluish
_ : tinge to the granule,.

3. Omic acid The gramile stains black,
B. Polysaccharide Techniques

1,_, . Feulgen-Bauer Reaction.

20, Gomori's Glycogen-Mucin) . . . " Negative results

N Tgehniqu@ ) i o - .

30 Hotechkiss Periodic ficid

- 'Procedurs
C. Piotein Stains : | -

1, Methylene blue) - There is a definite stain-

’ ) ing of some of the gramiles,

2, Toluidine blus) ' . but one cannot be sure that

o o ) all gramiles stain presumably

3. Pyronin¥ ) : because of their refractiveness,

however, the residue left after |
treatment with 70% ethyl alcohol
gtains in every case,

4o TFeulgen Reaction .Negative results

5,_, Ribomclease for Ribomucleic ficid - Negative results
6o Gram's Stain o S Negative results
D, Supravitel Staing :
1o, Neutral red : The granule stains a reddishe
' orange color,

2o Janug green

3. Trypan blup

E. Bagymes :
1. Peroxidese (Method of Sato & Sekiya) Negative result

Negative results




TABLE IV.

A :
COMPARISON OF UNSTAINED AND NEUTRAL RED-JANUS GREEN STAINED LYMPHOGYTES
Type of ' Number of Granules in Lymphocytes . Lymphocytes
Prepara- Lymphocytes| . 4 1 |10 L Total | Granules per|With 6 or
feba Counted 0li1l el 3iu]ls160 7% 81 9lor mord Granules Lymphosytes | More Granule
_auug?o.m 1360 181]108{ 42! 17| 8 3} of o o 1f O 299 0.83 1
Neutral red- , a9l
Jagus Green 360 165/ 66f 48| 251 1l 1n} 12 33 L, 6 605 1.67 28
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Lo COMPARISON OF UNSTAINED, NEUTRAL RED<JANUS GREEN, NEUTRAL RED,
AND JANUS GREEN me.ﬁﬁu LYMPHOCYTES..
Type of . 4 Number of Granuleg in Lymphocyte | Granules Lymphocytes
Prepara~= Lymphocytes . 0} Total |per Lympho-| With 6 Or
tion: Counted o1l 213181561 718)] 9] ormore/Granules | cyte.. More Granules
ﬁcu%&u&. 225 ‘133 | 18la|1]o]o]ofo]o 0 117 | 0.52 0
Jenus Green eo5 1 57| s 0l2jafolrli]olf 0 107 o8 . |. 3
Neutral Red- eo5 | 8| ™ 27 ol uf{3fo)l1fo] -0 | a4 1.17 oy
Neutral Red- o e of R B = |
Jams Green 25 H.S. 56 mm 16 110 | 7 5lejojo} 2 uoo.: | 133 9

=
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THE CHANGES IN THE BIOOD OF HUMANS CHRONICALLY EXPOSED TO LGW LEVEL
GAMMA. RADIATION®

(Contribution from the Los Alamos Scientific Laboratory of the University
of Califcrnia,. Los Alamos, New Mexico)

At the Los Alamos Scientific Laboratory a ni:mbgr of -:_i:nd:_h_r_ic.iulalg are exposed
continually to small amounts of ionizing radiation. Although it is well known
- that small doses of rééiation (0.1 tq 10 r.) :in.single acwg.te exposures causs no
change in the peripheral blood picture, it is possible that if a large enough

group of individuals with such exposures are studied over a long»period of time
one might obtain changes in the average blood counts which are statistically
significant. | )

In view of this pcssibility, ten individuals who had daily film badge ex=
posure records and weekly blood counts; over a seventy-seven week period were
gselected for study., The followving_ is a s'tafistical study of 1':he changes in
the total white bloocd coént and tthe absoiute neutrophil and lymphocyte counts

Tor these ten individuals.

L group of 24 individuals ki:av'c'e been used as éontrols in this study and,
although they do not h.s;.;re blood ”stl’idies as frequently as the exposed group,
the large nurter of individuais‘ tel}ds to correct this deficiency.

4, INMDIVIDUALS STUDIEDs | ' | ‘

Expoged Group: These ten iﬁdividﬁals (211 males) recgivad_an average of
16,21 roentgens of gamma rays péi‘. men over a 77 week pério@ (0,211 roentgens
per week).. The extremes of dosage varied from 13,06 to 24,20 roentgens,

Pable II shows the exact dosage received by each man, The mumber of blood

- counts done on each individual during this 77 week period varied from 37 to

%*This document is ‘based on work performéd under Contract No. 7405-eng=36
~ for the Atomic Energy Commissione. ’

Norman P, Knowlton, Jr. - % 5
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7/, with an average of 6/ blood counts per men, The number of counts obtained 'P'p
on each men are tabulated in Table IV, During this study period all 10 men
carried out a similar experiment involving ;naterials which emit gamma rays. In
general, the radiation was received uniformly over the 77 week period with pere
haps double the average amount during the periods betwgen 11 and 2}, and weeks
25 and 32, The radiation delivere'd during a w§§}cvg_egic_aé_vlra;j:_.?egez_iyec-l in jth_e
five day work week and usually they receix_red app;ro:d.mat‘ef_l:y_rqye?h‘alfﬂ of t;leir
weekly dosage during one of the five days. One of the j.ndividuals had been
working on this particular experiment fér 1/ months before this blood study was
begun (Case 4); one for 7 months (Case 6) and one individual {Case 7), who is
included in the study, began work seven weeks after the study began. The other
geven individuals began working on this operation O to 20 weeks before the
study period, None of the ten individuals had significant exposure to ionizing
radiation before starting on this experiment,

Control Groups This group consists of 24 individuals (23 males and 1 fe-
male), who were picked for study specifically because their jobs involved no
appreciable exposure to neutrons, beta, gamma or X-rediation. They had sligh‘&
exposure to alpha radiation, but this is not considered an external hazard be-
cause of its low penetrating power in tissues (approximately 50 nmicrons) and
the alpha exposure was such that inhalation or ingestion was unlikelyo These
2/, individuals have had no known exposure to other toxic materials, such as
dusts, organic solvent vapors, etc. The blood counts of these persons were
studied over approximately the same time period as those of the exposed groﬁpo
The rmumber-of blood counts doné on each individual during this period varied
from three to nineteen, with an average of 'bén blood counts per individual. .

B, METHODS OF STATISTICAL STUDY:

Bxposed Groups This group was studied during a period of 77 weeks from
December 1946 to June 1948, Ims period was divided into two time periods of




@« 3 =
of 38 and 39 weeks. In the secénd;, 39 week period, there was one week during78

which no blood examinations were made {the December holiday season 1947) and

g0 the two periods are considered as equal in length, The analysis of the
hematological data consists of an attempt to demo.izstra'_be a difference in the
blood plcture, of the individuals between the two 38 week periods, This wes
' (1) To compare the weeicly average of the blood counts.of :the
| ten men during the first and second tﬁirtyaeigh'b week |
periods. | :
(2) To study the difference between the blood counts of each
individusl during the lst and 2nd 38 week periods.
Control Groups Since there were fe;.ve:; counts per individual in this group
the hematological data was consider.eé as an average of _all individuals and ine
dividual changes were studied only 1n the case of the total \vhi'!_:e blood count,
The data includes all blood stuaiesl from May 1946 to July' 1‘_348 on these indi-
viduals, This period was divided into two approximately equsl periods - May
1946 to June 1947 and July 1947 to July 1948, ‘I'b should‘bg_mepivzi:oned that no
blood counts were excluded frorﬁ the data on any of ’ql_ae 24 control cases or the

10 exposed individuals over the ‘time 'periogls studied,
C. EESULISs o

Bxpoged Groups Table I shows the difference in the total white biood count
between the first and second 38 week time periods. In ,ﬂ’i§ gi_gta. the average
counts of all ten men for each week are considered, thereby reducing the vari-
ation of the counts from the mean in comparison to the variation present if each
individual is considered separately. The mean WBG in the first 38 weeks is 7892
and for the second period 6945 = a drop of 12,0%,

Table II shows the change of thg total white blood count of each of the ten
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individuels for two 26 week periods from December 196 to May 1947 and from G
'Decem'ber 1947 to May 1547 to rule out poss:l.ble seasonal effects on 'l'.he blood
coun_t., %he drop’in total white blced count is from 7770 %o 6720 cells per
cubic millimeter - a dxrcp of 13. 5 per cent. ‘ The indiyidual_drops vary from
50,6 to 17,1 per ce.nt with an average of 12,4 per cent, Table II also gives
the exposure record of the ten individualsg,

Table III shows the difference in the absolute neutrophil counts in the
first and second time periods. The average weekly counts of all ten men were
used for the statigtical test., There is a drop .from 4881 to 4366 neutrophils
per cubic millir'ne'ber = & decrease of 10,5 per cent,

Table IV ghows the changes in the absolute neutreopbil counts of each in-
dividual, Nine out of ten of the men show a drop and one shows a rise of 2.5
per cent., The changes vary from minus 13.4 to plus 2,5 per cent with an aver-
age decrease of 10.4 per cent,

Teble V shows the difference in ’cﬁe absolute lymphocyte counts in the two
38 week time periods. These figures are obtained from the average absolute

lymphocyte counts of all ten individuals for each week, There is a drop from

, 1920 to 1611 lymphocytes per cubic millimeter of blood - a decrease of 16,1

per cent,

Table VI demonstrates the changes in the absolute lymphocyte counts of each
of the ten individuals, All ten show a decrease with a range from mimus 1.7
to minus 26,6 per cent, The average drop is 16.6 per cent.

F’igu:'ce I shows the average weekly blood counts of the exposed group and a
graphic representation of their exposure record.,

Control Grouns The analysis of the total white blood counts of the con=
trol group of 24 individuals is shown in Table VII, There are 11 decreases,

12 rises, and one count that is constant during the period studied. The change
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in the WBC wvaries from plus 20 to mimus 28 per cent with an average of mimus 80
1.0 per cent. The means of the average WBG for each individual show a change
of mimis 1,3 per cent, while the average of the sum of all counts for each
time period shows a chengs of plus 0.4 per cent, o _
The comparison of the neutrophils and lymphocytes in the two time periods
has been done on the basis qf the average percent of these blood cells in the
differential count since the total white bloed cognt has 1_‘_9{1}?%{19&_ appr_o:d.!l}a=
tely constant. Table VIII shows the average percent neutrophils and lympho-
cytes in the first and second part of the study period. I‘l_: is evident that
there is no drop in the percent neutrophils and a small (3.1%) drop in the
per cent lymphocytes,
Do  DISCUSSIONs
The statistical analyses for changes in the total white bl_ooq count and the
ébsolute_neutrophil and lymphocyte counts in ten individuals exposed to approxi-

mately 0.2 roentgens of gamm rays per week over a 77 week period show highly

known exposure to beta, gamma, X-rays or neutrons, The exposed group showed

a 12=13 per cent decrease in the total white blood count, a lpoll per cent
fall in the absolute neutrophil count, and a 16=17 per qent drop in the abso=
Jute lymphocyte count, The control group showed a drop_ of Oﬁl. per cent :‘i.n_ the -
total white blood count, no change in the per cent neutrophils, and a decrease
of 3 per cent in the per cent lymphocytes, _

It would appear that this group of 10 individuals exposed to doses of gamma
radiation which is considered below tolerance have had significant changes in
their peripheral blood. These changes which are relatively small are only recoge
nized when blood examire tions are made frequently over a long period gf time, Tt
must be emphagized that, although no other agents vhich might cause these changes

have been uncovered, it is quite possible that they existed, Such factors as
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the altitude at Tos Alamos (7,400 feet ebove sea level), dietary changes, pree
vious exposure to ionizing radiation, illnesses, unmeasured gamma radiation,
and the remote possibility of inhalation or ingestion of radiocactive materials
have been investigated and, although they appear to be negl'!.igible? :‘1’.1.: is always
a possibility that one or more of them might have been casual agents.

It is improbable, but not beyond the realm of possibility, that such dosage
levels would give changes in the blood picture, With dosa_Lges_as low as 20 to
30 roentgens in a single acute exposure, it is possible to show a significan‘b

' decrease in the lymphocytes of the peripheral‘ blood of a single animal, A% a
dosage of 30 roentgens this decrease may be twice the drop seen in this study.
blthough it is known that a certain amount of ionizing radiation given in an
acute exposure causes a greater effect than if the same amount is gigen over a
long period of time, there must be a definite relationship between the two, It

is evident in animal experiments that this factor is not a ome to one ratio, but
that it probably takes at least ten times the amount of total radiation in chronic
exposures to obtain the drops seen in single"acute exposures, This is quite &
reasonable phenomenon for there is constant repair during chronic irradiation,
but with an acute dose the entire damage is done during a brief period before
effective repair has been instigated, The ratio between dosages giving a simi-
lar depression in acute and chronic exposures would bs closer to one to one if
one considers what dosage in an acute exposure wi}l_gj’.jv_e’.a rgsgqgal depression

of bone merrow or lymphoid activity months after exposwre. In such a case the
time for repair could be made equal to that present in a f:?.:a?cgﬁ;.c' exposure study.
Il;l view of these findings, it is important that hematological and exposure
data at various other laboratories be analyzed to debtermine whether or not these
are reel changes. If confirmatory results are subsequently obtained; the pre=

sent concept of tolerance doses should be carefully reviewed.




E. SUMMERY: o
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_ ... % group of ten individuals exposed %o 0.2 roentgens of gamme radia-
ton per week showed a significant fall in the total white blood count and
tpe‘gbsolute neutrophil.and l&mpﬁpcyfg counts dpring_a 77 week period. T@g
degree'of fall would %qt yave bgeg predicted ﬁ?om egperiqeptai irrgdigt@on
in gpimg}gvgng other unknown factors_migpt_hgyp also been casual agents, ,
It ;s_guggegted phap hematglogical’agg exposure date in othgr lapora?origs
befpa}_yz_e(_l.'istg.ftfj.sfciyc‘ally_jc_o’qonki'i‘z@_ or disﬁrove the effect of such low dog-

ages of jonizing radiation on humans.
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PTABTLTRE T
BEPOSED _GROUP

STATISTICAL ANATYSIS OF CHENGE IN WBC:

i = Mverage of first 38 weeks

g = A‘&erage of second 38 weeks

X = 7892 y =

Ny = 38 1) y =

Ty = 543 a1 y =
X - 9' = 947 = 12,0 per cent drop

StudenT T Tast

t = 705

PROBABILIITY = approx. 1078

6945
38
565




TABLE JII

EXPOSED GROUP
 Individual Chenpes in WBC R4
o EEEOEE g e T
Mo 126 53T BROP . 1-26 2R 5377 TOWL
1 8250 455 10,5 - 6030 6015 1,39 13.84
2 7712 6510 156 7.2 9474 7423 24,420
3 6312 5527 o4, 5T 5630 276 13,83
4 6657 ST 134 - T2l 4alT 2425 13,63
5 6445 542 160 . 834 8,04 3,23 19061
6 7925 6750 Lu8 96l heS3 4ol 18,16
7 WS 62 LLT - 4e66 Tedb 3.0 15,92
8 9292 7705 - 1.l 5039 480 2487 13,06
9 10,702 8932 . 16.5 Lo78 6012 2,78 13.68
_10 6945 6555 56 6625 6s62 3031 16,18
EVERAGE 7770 6720 12.4 16,21

Difference between the two means = 1050 = 13,5%3rop
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TABLE III

BEXPOSED GROUP

STATISTICAL ANATYSTS OF CHARGE IN NEUTROFHIL COUNT

¥ = 4881 G = 4366
a, = 3% a-é = 499

-)-(a“"" ej = 515 = 10,5 per cent drop
t = 40,93

FROBABILITY = approx. 1070




TABLE IV
" EXPOSED GROUP

INDIVIDUAL CHANGES IN NEUTROPHIL COUNTS'

L S & prR W3, AVFRAGE - '
N0, _F Gounts _ Wks, 1=3‘8"'§""‘“‘"'”"‘

ounts Wks°39=-77 CHEI\’CE
1. 34 - 5367 28 4668 = 13.0
2 36 5131 36 4553 = 113
3 38 4022 zé_' 378 - 6,0
: % e B e -ba
5 38 3776 36 3270 | = 1304
6 B om0 oom b
7 B em % un -2
: I
9 38 . 7908 34 6953 = 12,1
_;153 : gi 46683 31 4785+ gg
AVPREGE, 4816 4312

Difference between the two means = 504 = 10.5% drop

= 1064

+
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TABLE ¥V

EXPOSED___ GROUP

STATISTICAL ANATYSTS OF CHANGE IN TLYMPHOCYTE, COUNT

X
“x
Ix
% -3

1920
38

&

s

‘= 260

L]

309 =

t = 4.93

PROBABILITY = approx. 1077

16 c 1% drop

1611
38
220

o
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TABLE VI

EXFOSED GROUP

INDIVIDUAL CHANGES IN LYMPHOCYTE COUNTS

(OCYTES. PFR_MMJ, AVFRAGE - %

GhEE LoD
NO Weekg J..w38 Weeks 3?=‘77 . CHANGHL _ ,
1 1749 mo . - :_Z!.?_'.Z
2 1863 1410 - 2403
3 1664 1308 = 2L
4 1385 : S 121 = ;égl
s ws -
6 2331 1835 e213
7 2019 1948 = 3.5
g 2786 2066 = 25.8
9 1706 | 1589 - é._,g
10 1603 . um = 2646
AVFRAGE _;883 ‘ 1563 = 16£

Difference between the two meang = 320 = 17,04 drop

JEE— S




TABLE VII
Control Group

TOTAT, WHITE BIOOD COUNT

89

FIRST TIME _PERICD

SECOND TIME PFRICD

Cage Noo Sum of MAverage - Noo Sum of Awverage %
Nog Gounts WBC'g WBG Counts WBC's WBS Change
11 7 46375 6625 A 27400 6850 - + 3
12 3 26550 . 8850 4 28000 7000 = 21
13 6 42150 7025 4 23700 5925 = 16
14, 9 79425 8825 10 83500 8350 - 5
15 8 54000 6750 11 79750 7250 + 7
16 9 74250 8250 9 73125 8125 o 2
17 6 53100 8850 6 63600 10600 + 20
18 7 57225 8175 7 . 58450 8350 - + 2
19 6 43500 7250 6 . 36750 6125 - 16
20 5 35250 7050 4 20200 5050 - 28
21 7 47075 6725 5 37250 7450 + 11
22 6 37950 6325 4 30400 7600 + 20
23 3 25050 8350 4 34200 8550 + 2
24, 6 47850 7975 5 41250 8250 + 3
25 7 42875 6125 5 27000 5400 « 12
26 1 6950 - 6950 2 15400 7700 + 11
27 1 8450 8450 3 25/25 8475 0
28 5 37625 7525 2 15950 7975 + 6
29 L 35600 8900 3 24675 8225 - 8
30 A 319400 4850 . 3 15075 5025 + 8
31 L 40400 10100 3 2900 9800 - 3
32 3 3725 12375 - 4 48100 12025 - 3
33 3 28200 9400 3 30675 10225 ¢ 9
5 2 17950 8975 o 12
113 887225 189300 = 2%

2125 & 24 _ 2113 S 24 {.24
AVERS: 7820 7995 . 7852 7887 = 1,02

Kverage of All WBGs

hiverage of Case Averages 7887= 7995 = =108

7852 « 7820 = + 32 = 0.4%

1.3%

L
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CONTROL __GROUP

PER CENT NEUTROPHIIS ANG LYMPHOCYTES

NRUTROPHIIS &
Koo Kverage 3
Countg 2. Change:
1lst Year 125 58039 .
0,0%
2nd Year ‘113 58043 A
LYNFPHOCYTHS 8
Noo, Kverage %
Countg Z Ghange
1st Year 125 2963 S
; ) b 3e1%
2nd Year 113 2804 T

30
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(Contribution of the Los Alamos Seientific Laboratory of the University of
California; Ios Alamos, New Mexico) /
BETA RAY BURNG OF HUMAN SKiNs A& REPORT OF FOUR CESES*

Noi'mah Po Knowlton, Jro,, Ibu.i.e Ho Helilpeil.mamx‘9 Edgar Leifer & John R, Hognese ) ‘

The magm.wde of the Atomic Energy Program and the widespread use of radicactive
igotopes.in regearch 1aboratories since World War II has resulted in a 1arge increzse
in the m:mber of persons exposed to radiological hazardso With 'bh:Ls :mcrease in use i
of such isotopes; . experiznenters mst be acquainted ‘with the hazards of these laboratory |
tools, Four cases of be'ba ray burns of the hands are reported with the purpose of sup-
plementing the presen’c. information in ’ohe litera’cure and emphasizlng the early c¢linical .
sgigns and symptoms, a8 well as the labora’oory findings present in such caseso’ It is
hoped that persons exposed to. dangerous amoun’c.s of beta rays may realize the warning
" gigns and symptoms and discontinue any hazardous operations before more damage is ine
curredo . B - . ) . 4 ;

m.lL four patiehts were injured while undertal:tng procedures of a ‘similar type at E
the recent Atomic Tests at Eniwetoko- This involved the handling of radioactive mater= {
ials which emitted large amounts of beta and gamma :cad:r.a’ca.ono The major portion of the |
radiatioa consisted of beta rays with an average energy of sbout 1 Mev, The ratio of
beta counts to gamma counts in a Geigeroliueller type tube wae about 6 to 1. A -ime
‘MR deviation in procedure 're.sulted,.in the handling of these radioactive substances
directly with gloved and sometimes with bare hands. .No measurement of the dosage of

!

beta rays received by the patients was obtained at the time of exposﬁ‘e, but £ilm badge

and pocket ionization chenbers worn by the individuals showed readings for gamma reys
varying from 1.5 to about 17 roentgens del:nrered to the thoracic region., In view of 1
the fact that the hands were much closer to the active material, it must be presumed tha!

* This document is based on work performed under Contract No, 7405-eng=36 for the
Atomic Energy Commission. ,

#% With the professional assistance of Drs. Loren F. Blaney, Charles Lo,Shaferg
Dan C. Gill and William R, Ogkes of the Los Alamos Hospitalo o
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the smount of gamme radiqfc:’yqnﬁ received by'tﬁe hands was somewhat larger , probably
by a factor of ten. ) ) ] | ) o
- The physical proper’ca.es of 1 Mev. beta rays aré such fchat appro:dma\tely 90 per
cent of the incident rays are absorbed by the_firsﬁ'Z.E mm. -of tissue and that 99
per cent are absorbed in 5 mm, of tissue. Caleulations of dosage show that these

four individuals received in the neighborhood of 5000 rep. (roentgen equiw_ra;lenfi«

physical) to the outer’ surface of the skin, The dosage at 2.5 mm, below.the skin

‘surface would be about 500 rep. and 50 rep. at a 5.0 mme depth.

In view of the fact that there was definite-evidence that the whole body ex-
posure did not exceed 17 roentgens of gamma rays in any case, it was felt 'bha.'b there
was minimal, if any, da:nger of important whole body effect and the indi viduals were
’crgated-primarily for local "Peta ray burns of the hands., This assumpt:.on- was borne

out in the course of the disease in that at n6 time was there any significant evi~

-

‘dence of whole body d_eimagezo

Since the amo{mts of radiation received and the clinical courses of the patients
differed to some extent, each case is presented separately. The following are brief
synopses of the clinical courses of each patient, i

This 26 year old white male received 10 roentgens of gamme rays to his whole body |
and probaebly 5000 to 10,000 rep. of beta rays to h:Ls hands in sbout a 60 mimute per:l.odo
ALt the time of exposure he noticed a tingling and 1’Gc¥nng of his palms which he assumed
to be due to excessive perspiration. Approximately 2 hours later he noticed a stiff=- ‘
ness of his fingers and a slight swelling of his hands. He was seen by a physician
3/ hours after exposure.. At this time the second a.nd third f:mgers <;f the right hand 5
showed slight swelling, erythema and tenderness. On the 1eft hand the volar aspect o:‘.‘i

all digits and the distal portion of the palm showed mild erythema and swelling. There | ‘,
|

wes a blanched area over.the proximal phalanx of second finger of the left hand,
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In the neit 24 hours there was a definite decrease in the erythemﬁ é.nd swelling
of both hands while the blanched afea of the index finger of the left hand.started to
become vesicular in character and by three.days aftér exposure there was a definite
vesicle formed with a surrounding area of e.'c'z‘rl;hema.° |

On the 4th déy the center of this‘”ﬂ;resicle took on a biagld.sﬁ=blue color and
there was erythema of the volar surface of the second, Af&hirdand fourth fingers of
the left hand and slight selling with no erythema of the index finger and thumb of
the rlght hand, - | o .
’ On the 7th day the right hand showed blanched -arid tender areas. along the thenar '
~aspect of the :'L_nde_x ;‘.ipger and on the pad of. the distal phalanx of the thumb. By the
8th day these areas -be‘caine vesic{:la‘r'o- From thé 8th to the 25th day there was a con=

timious extension of the erythema of both hands with bllsters form:mg two to three days

after the onse’o of the reddening. A(F:Lgures 1 and 2) By the 25th day the erybthema had

disappeared and there was a maximum of bleb formation., At this-time there was one large

confluent blister covering all four fingers and the distal por'tion‘ of the palm of the
left ha.nd, and a comparable bleb coverlng the right hand with extension into.the palm,
From the 25th day after exposure the clinical course has been one of constant
slow improvement, By the 28th day dehydrat:.on of the blebs of both hands was quite-
noticeable and on ‘the 32nd day most .of the. 'blistered areas wére quite drys
On the 39th day the hands weré surgically debrided. At this time the gkin of \
both hands showed epithelization except in the area over the proximal phalanx of the
sqcpnd finger of the lef{ hand wh:.ch was wlﬁte and ;iecrotié and lesser areas of non-
' héaling over the second, third and fourth Fingers of_'-bo’c.h?handso. ‘

& second debridement was done on the 53rd day and at. ‘l:,his time -the 'dnij u.nepi— :

thel:.zed areas were over the second and third fn.ngers of the left hand and a small arvea

over 'bhe proximal phalanx of the second f:Lnger of ‘che right ha.nclo

Surglcal debrldemen’cs were carried out on. the 67th days and 82nd day (Figure 3)

P
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and there were still persz.stent unhea.led areas on the second and third fingers of ' !
the left hand and on the proximal phalanx of the gecond finger of the rlght hand°

Five months after exposure these last mentioned lesions were still not healed
(F:Lgure 4) The dimensions of all three 1esions were about one by two centimeters and
there were white necrotic areas in the center of each of the three lesions with easy

bleeding on traums. The areas were surrounded by invaginating folds of thin, pink
epithelium, There was minimal heeling during the third, fourth and fifth months of
the digease, Skin grafting of these lesions is to be performed in the near future.

There is much ankylosis of the ’phalangeai. _;j,ointg_ of -the three- involved fingers
with soft tissue atrophy and deep scar tissue formafion. It is felt that surgical |
repair will result in only poor final function.

CaSE IT, ) |

This 27 year old.white male received 17 roentgens of gamma rays o his thoracic
region and 8,000 to 16,000 Tep. of beta rays to his hands over about a 60 mimite period.
During this exposure he felt an itéhy- sensatlon of both hands.- Four hours after exposuxre¢
he noticed that his left hand felt swollen. He was seen by physicians 34 hours after .
exposure and at_fhiS'time g1l the digits of the left hand were swollen and erythematous
with the second aﬁd third fingers more seﬁefely in;rolved° There were no blanched area;
on the left hand and the right hand appeared per;eétly normal,

Durlng the 3rd and Lth days there was a deflnlte decrease in erythema of the left
hand and no symptoms ‘referable to the right. From the 7th to the 11th day the left hand
developed erythema and tenderness over all four fingers and the distal portion of the
palm and on the llth day tenderness and erythema was noted on the right index flngero

On the 12th day'bllsters began - to develop in the reddensd areas and up to the 28ﬂ
-day there was spreadlng of the erythema with blebs forming in all erythematous areas.
Figure 5 shows the extent of the blebs on the 2lst day, By‘tﬁe 28th day the blistersk

covered the volar surfaees of all the fingers and the distal portions of the palms of

both handse




96

&t about the 28th day the.ery'bhema suhsided and progressive healing s‘ba:cf'bedo

The blebs were ¢ ‘¢ dehydrated by the 35th day (Figure 6) and part ‘6f the dead epi-

dermis pealed off -"-“ontaneously; Surgical debridement was doné, however, on the 391511:
day and 'bhere was a thin epithelization over most. of ‘the ‘m:rned areas. (Figure 7) When-
a second debridement was done on the 53rd day there: ‘Was a small unhealed ares on the
second finger ‘of the right hand and on the second. and thlrd fingers of the lefd hando '
On the 67th day a, third debridement was psrfomed and at this_ time bd‘bh‘ hands- were en=
tirely epithelialiied'o .The new ep‘ithélium was quite "dhiﬁ and had a- tight, shiny ep-

pearance as can be seen from Figure 8,

"Five months after exposure there was ~a..‘..seconc-lary' breakdown of the epidermis

"over the most heavily exposed areas with cracking and gerous 'drainageo‘ Skin grai‘ting

of the palmar surfaces of the more seriously involved fingers has been advised, Ax‘ﬁ
this time there is no loss of mobili:ty.oi.‘- the digits of either hando
* .. Thig 26 year. old .Wﬁi’oe nale received o 5 ‘réentgens of gamma rays _t;)_lhis whqle -

body and probably 5,000 to 10, OOO -rep. of beta rays to left hand in about a 4D mimute

_period. . He first noticed symp‘boms of swelllng and stlffem.ng of his left hand about

"6 hours after exposureo He was seen by the authors 40 hours ai‘“ber exposure and at

this time there was mild erythema and edema of the left hand, The right hand was free
of signs and symptoms (this was true during -the entire courge of the -dis_easé)_a. _S(Jhe‘ )
generalized erythema and eiien;a of the left hand Ideéreased‘.ub.-to ai;éuf the Brd‘ﬂgy at

which time a secondary erythema appeafed'ovér the volar~thenar aspect. of ‘“bhe, index :Ein«; 7
gers ] | ‘

On the fourth dsy 'bhere were c:r.rcmnscri‘bed dark* red areas -over each phalanx of

the index finger and the middle and distal phalanges of the th:er flnger = all on the

_ volar-thenar aspect. From the 7th to 14th day (Figure 9) these five areas%ecé.me a.

dark bluish color and vesicular in 'o;héractero By the 15th day these blisters began to
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coalesce and a new bleb appeared on the proximal phalanx of the third finger. &Lt
this time the 4th and 5th fingers had become erythematous. On the 17th day erythema

was noted over the distal heads of the second and third metacarpals.

By the 28th day there was a confluent bllster including a1l four fingers and
the heads of the 2nd and third metacarpals.: The entire reaction reached & maximum
extent on the 32nd day at which time all ery‘bhematous areas, including one on the
lateral margin of the distal phalanx of the thumbyhad become blistered. On the 35th
day the bullae had begun to dehydrate and desgumate

Surgical debridement was performed on the 39th, 53rd and 67th days (Figure 10)
and at each operation further hgfaling was e'bserved;, on the 67th day there were whit-
ish necrotic areas over the second and thﬁd fingers eorresponding to the location of
the initial blun.sh colored blebs seen- on- the 4th day,. |

116- deys after exposure tendons were -visable in both of the ulcerated areas
- (Figure 1), The tendon visable in the lesion on the second finger appeared to e
partially necrotico There was nttle, 1i‘ any, healing- of the lesions during the 3rd

and 4th months of the disease. During ’che 5th mon'bh of the d:.sease there was definite
‘ improvement- of the lesions’ (Figure 12), but froma functional standpo:mt the second
_and third fingers of the left hand showed only slight.joint mob:.l:.tyo Skin graf‘b:mg
of these two fingers is to be.started in the mear futureo
CASE IV,

This 27 year old white male received l.5 roentgens of gamma rays to his whole
body and. pfobably 3;000 to. 4,000 rep, of beta-rays te his left hand in about a 60 min-
ute period, -He had no symptoms mtil 11 days ‘after exposure at wh:.ch time -the patientn
noticed redness and swell:u.ng of the skin over the voler aspect of the pronmal phalan=
~ges of the second, third and fourth fingers of ’che left hand. (Ax'b no time during the
| course of the disease ‘Were there any. s:Lgns or symptoms referrable to ‘the right band).

The patient was seen by a physi.c.w.n on’ the .13th day at which time there was no vesicle
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formation but a bluish discoloration beneath the skin in the above areas. By the
15th day blisters had developed on all of the erythematous areas. The middle pha-
langes of the second and ‘third. fingers showed erythema and there was & bluish dis-
coloration over the head of the second metacarpal,

On the 19th day vesicles ‘h:‘a.d forméd over the middle phalanges of the second
and -third fihgers.. \ ‘ |

The middle phalamx of the 4th finger end.distal phalanx of the second finger
showed an-early erythema, By the.25th day the process had ceased- to pi'ogress and -

there were blebs present over the volar surfaces of all the fingers and over the

head of. the second metaéarpalo From this fime on dehydration progressed rapidly
and by the 32nd day the blisters were completely dehy\'il.ra:hedo . Theré was desquamation
of the burned surfaces by the 47th day with ep:.’c,hel:.zatlon over a]l of *bhese areas,

. This patient has had no signs of residual damage or tissue breakdown over a period
of five months and appears to have.complete healing of.'the,enfire ‘hand, |
DISCUSSION: ' |

o CLINICAY, FINDINGS: ' _ .

The climical course of these four patients can be divided into three distinct |
phases.. . Phage I consisted- of the :init:.al eﬁthem and edema with blanching of areas
which received the greatest.amounts of exposure, - This phase reached a peak in about 48 ;
hours and then rapidly subsided. There ‘was then a period of relgtive‘ remission of signs
and symptoms for 3 to 5 days at the end of which Phase II of the- disease began, - Fhase
II was first manifested by the development of a secondary erythema vhich in some casges s
was complicated by an extravasation of blood. into the ery‘bhemlc areas. These reddened |
areas became vesicular 8-to.l2 days after exposure. There was then a period ebout two
weeks long during which thé erﬁhema spread and the blisters formed. At the end.of
this fime (24=32'days after exposure) the active disease process ceased 1o.progress.

'and the blisters began to dehydraté and.desquemate, During the last part of Fhase IT

—p———
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epithelization occurred over a1l areas below which.the vasculer supply had not been-

seriously damaged. Phase III was primgrily 4he chronic state of the disease, Those
areas of skin which had had serious interference with “the- vasqular supply remained
unhealed'-an@ skin grafting will be indica’ced' at a later date. There is an atrophic
epidermis prqbably‘pemanen"h in the less. involved aress with a loss of secondary epi-
thelial s_’cmctui'es (heir, hsabaceo;ls glands, etco). The secondary ulcerations with
the conpuz_-;'gn’c hyperkeratoses, talangictases and carcinomas which occur many yesars
after exposure mist be included in this-phases |

It is in'bereéting. to note that the two individuals who probably received the
largest améunts of radiation gpparently noted -a sensation of tingling and itching of
the hands at the time of exposure; It is important to realize that irradiation of
this magnitude produces a seﬁsory perceptiono

The initial erytheme and.edema seeﬁ in these patients in the first 48 hours
hours may be due- to a local release of histamine in the skin with a resulting dila-
tion of the superfic;lal capillaries, -In areas which.were more heavily exposed, there
wes a definite blanching which mey have been due to direct damage to the capillaries
résultir'zg in a vasgoconstriction phenomenon or to thfomboées with occlusion of the
vessels. _The secondary erythema which occurred after 57 days was probably due to a

vascular reaction to dead epithelial cells which were contimiing .to die over a long

" period of timeo

It has long been recognized that many cells which have been injured by radia-
tion can survive for a conmsiderable period of time, but when they attempt to divide

at a later date are unable to do so énd die., There is good statistical evidence that

the intermitotic time for humen epidermis ia between 17 and 35 days and this would sug-

gest that cell death as a result of the acute exposure will occur over & 3 to 4 week

periodo

.

The bluish discoloration of some of the erythematous areas was a result of ex= '
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quite definite, Nail growth was retarded in all cases to a’bout one=half the normal 1

in the nail ‘which was "being forme&.at the time of exposure. There was a definite
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fravasa‘bion_of blood i\‘rom‘the inju';:‘ed ‘a‘ex'mal plexus of capiilarieso These hema-
tomatous areas in all cases showed poo:[; healing and in’ some cases non=healing.
This nonwheal:mg is due t.o the severe. damage to the caplllarles which must, in
the process of repair, nourish the. heal:Lng epidermiso

811 of the areas of the skin which were involved in the gecondary erythe-
matous process showed blister formation, The blisters were usually discrete in-

itielly and subsequently coalesced with the formation of large blebs which, in

some cases Were contimuous over all five digits and most of the palm. These blebs

i

were tense and. frequen’é.ly caused sufficienf pain despite generous sedation to jus-
tify repeated drainage. It is -important that, in spite of spontaneous and surgical
drainége of these blebs aerobic and anaerobic cultures of the blister fluid was nega%
tive except on one éccasion :Ln one case in which staphalococcus albus was found, |
Thus, the course was not complicated by secondary infection, The development of a
cellulitis resistant to chemothérapy would havebeen very detrimentel to the course
of the disease. The blié.ter_s began to dehydrate at various time intervals after ex-
posure and were either spontaneously desquamated or removed by surgical debridement, i
The new epithelium which was formed over the involved areas was, in general,
quite thin and delicate except in-Case IV, in wﬁich there appears to be complete
healing, A blotchiness of the undérlying vascular ’cissue,"swhich probably represents
minor vascular ‘damz_ige, was noted in this caseo. ‘

The effects on certain secondary skin structures in these pa'bien'bs have been '
rate (several of the authors serving as controls) and there was a slight depression

lose of hair from the backs of ‘bhe fingers in Case II, bu'b this was not noted in the

other thre¢ individuals, The- dorsal surfaces of the fingers' showed some increase in'

pigmentation in Cases I, II and III, = .
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" There were. definite cﬁahges. in the capillaa'y loops of the nail beds, In-
gide of t.he first 5 days both an abnormal smount of dilation and constriction of
the loops were appereént with an increased tor‘buosi'by and in some cepillaries ace
tual thrombosis with in’oerruption of blood flow was o'bservedo By 10=15 days
there was a deflmte loss in the number of capillary loops and. durlng the third

a.nd fom:'th weeks some’ of the remaining loops had formed collateral 1oops into the

area of destroyed ca.pi.lil.aries° At the end of L months there was still a decreased

number -of” capillaries* eln& the collateral loops were apparen'h and i‘lmctlom.ng

It should be ment:mned that all of the erythema and vascular lesgions were
confined to the volar eurface of the ha.nds., " The dorsal surfaces showed minor des-
quama.‘b:.on but, in general, there was a sharp 11ne of delineation between the volar

and dorsal surfaces. Another- :Important -feature of the cases was the lack of demage

“to the Tight hends of cases III and IV anﬂ the lesser reactn.on seen in the right

hands-of Cases I and IIo Th:Ls can be explained by -the nature of the operation whlch
involved more contact of the radioactive materlal with the left hando
‘Case II, who apparently received the largest exposure had complete epitheliza= | |

tion of.‘ the burned areas. .This :Lndividual had umisually 'bh:.ck epidermis on the palmar

~ surfaces of h:.s hands and this was no doubt extremely importent in reducing the dosage

received by the more vital underlying vasciﬂ.ar tissue, One extra millimeter of tissue
overlying this vascular bed would decrease 'bhe a.mount of rad:.ation to these capillarie
by & factor of about 50%. -
The TFR charts are not shown but, in general, there were slight elevations of ;
tempera’bure a.nd pulse correspondlng to the developmen'h of the blisterso .The respira-
tory rates and blood pressures rema:med in normal range throughout the illness. The

salient clinical features have been placed on Graphs Ia, IIa., IIIa and IVa, the nmume

| erals correspond:.ng to the case m:mberso
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B, | LABORATORY FINDINGSs

The laboratory examinations in these cases showed significant changes in
the total white blood counts; the absolute neutrophil counts, the refractile
gramules in the cytoplasm of the lymphocytes, and the sedimentation rate. The
to’cal“whg.@g blood count is the average of counts obtained from both sides of a
hemacytometer.. The differential count, used for the calculation of the absolute
neutrophil and lymphocyte figures, was made in wet films stained suprc‘ivitally with
neutral red and Janus green;, 'A total of 200 cells were examined for the differen-
tial count, 100 by each of two technicians, To determine any qt;ant.itative change
in the number of refractile gramules in the lymphocytes, one hundred lymphocytes

were examined, 50 by .each of two technicia:ns, and the average values used. The
same two techniciens did all of the differential counts and lymphocyte studies and,

' although there was constantly a slightly larger number of granules counted by one of

the technicians, this possible source of error is constant throughout the data. The
hemoglobin values were obtained from a standard EBvelyn :photome’c.ric hemoglobinometer,
The per cent reticulocytes and platelet counts were determined in a wet preparation
stained with brilliant cresyl blue and at least 1000 erythrocytes were counted. The
sedimentation rates were obtained in a standard Wintrobe tube.

The total white blood count, absolute neutrophil and'lymphogyte counts, sedi=-
mentation rate, and lymphocy'bé graﬁules are presented for each case with the salient
clinical features in the accompanying graphs. The pre-exposure blood data as plotted
is taken from approximately one year of routine blooé studies, and is plotted with 10
reference .to the time intervals between each one. Tﬁe refractile granules in the lym-
phoc;ybes are plotted by two methods., The per cent of 1ymphoérbes with six or more
gramules is used because there were control counts obtained by this method previous
to exposure.ané‘l also the cases reported in the literature previously have been studied
in this fashion, The granules per lymphocyte is a less arbitrary method of reporting

pp—
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the findings and is now used routinely by this leboratory. In the pre=exposure
portion of the curves ghowing the percent of lymphocytes with six or more gramiles
all of the values heve been averaged since fewer lymphocytes were examined per count
for these routine. pre-exposure observations.

The response of the total white blood count, the neutrophil count and the
gsedimentation rate appee}red to run .parallel with the development of the blisters on
the hands and the fever responsé 'which was seen. Apparently there was enough tissue
destmctiqn oceurring during £his time to give these hematological changes, Case I,
who éhowed‘ :@,he z-nostjsevere fomatioﬁ. of blebs showed the-greatest changes in these
blood tests. .i -

The absoiu’;e. lymphocyte counts-did not show any significant changes at any '
time after exposure. Despite this fact, howsever, there was & defini’c.e morphological
change in thése cells menifested by an‘ increased number of refraciile granules in the
supravital preperations. This change was mich earlier than the increese in the neutro-
phils or the ‘sedimen'bation rate, It should be noted that in Case II the exposure re-
cord showed that he received more gamma irra_diatioxihthan any of the other individuals
yet the increase :Ln refractﬂé gramiles was minimal and the healing of the burned areas
was complete before the two patients (Cases I and III), who had & greater rise in
these lymphocytic bodies. This suggests that this response is related to the local
process in the hands and mey be an earl%y indicator of the seriousness of the burn.

There was a 1 to 2% rise .in reticulocytes in all cases which is very difficult
to explain. These individuals were at sea level for about 10 days and returned to
Los Alamos (elevation 7400 feet). It appears unlikely that this increase in altitude
caused a reticulocybe response si:rnlcenall four individuals had lived at Los Alamos for
at least one year before their short sojourn at sea level. The reticulocytosis is mort
1:Lkely due to an erythroid response in the bone marrow to the tissue destruction.

The hemoglobins, erybhrocyte counts, and platelets at no time showed variations
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from normal which could not be explained: by inherent experimental or statistical
8rrors.

The prothrombin.times, bleeding times, and clotting times were done fre-

quently during the course of the illnesses and at no time showed abnormalties.

The absolute monocyte, eosinophil and basophil counts showed no significant vari-
ation from the normal,

Urine analyses at all times were considered normal and tests for radiocacti-

vity in the urine, which were done 72 hours after exposure, were negative.

Blood chemistry, including serum proteins with albumin-globulin ratios,
serum bilirubin, alkaline phosphataée s and blood urea nitrogen with daily. nitrogen
balance studies were ali normal during ‘the illnesses. '

Co TREATMENT 3

The initial treatment consisted of immobilization, elevatigﬁ' and chilling
with ice packs of the involved hanc_iso " The indiﬁdualawéére pla.ceé..on a high pro=
tein diet vwith suppleméntary miltiple vitamins, and giveh rutin 20 mg. '&Piodo

Duracillin therapy, 300,000 units each day, v;ras started inAGase I after
drainage of the blebs and with the development of low grade fever and increase in
sedimentation rate and after the first debridement in Cases II and ITI, This was
considered to be prophylactic therapy in view of the possible disasterous effects
of concurrent infection, |

The surgical debridement done in Cases I, II and II on the 39th, 53rd and

67th days were done under general enesthesia due to the extreme tenderness of the

-

tissues., An attempt was made to clean off all dead skin and areas of soft necro=

sis without damaging the forming epithelium, Pressure dressings were applied with

vaseline gauze proximal to the injured areas. These dressings were kept on.for

- 14 day periodse.

It should be mentioned at this point that the Phase III of the clinical course

[
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has actually just been entered and that 'bhesé individuals will have to be followed
closely for many yegrs in order to see the complete course of their diseaseo ’ It
is very probable that skin grafts will be necessary in Cases I, II and III, and the
outlook for Mtakes" of these grafts is entirely dependent upon the state of the
vagcular bed beneath the préséﬁt ul'cerat;ed areas.

B, . CONCIUSTONS s -
In these four cases-of beta ray burhs to 'bhe hands, it has been seen that,

‘ al'bhough in general beta rays are not cons:Ldered a serious external radiologic

hazard, this form of 1on1z:|.ng radiation is a dei‘:m:.te external hazard in large
dosages. The clinicsl response can be divided into three phasess -
I, L sensation of tingling and itching at the time o.f exposure and -
a short time later a slight erythema and edems (sometimes asso-
7 ciated with blanching of the skin) which lasts for 2=3 dayse
Il k& secondary erythema which soon produces vesicles aﬁd blebs
which dehydrate and desqugmate after.about 2 weeks, leaving a
~ new layer of thin epithelium,

,IIT,, A& chronic phase with atrophic epithel:.um, logs of secondery
epidermal structure, telangiectases, ‘hyperharatoses and care
cinomas.

}"ﬁe only significant hematological findings were a neutrophilia, an in-
creased sedimentation rate, an inerease in the mmber of refractile gra.mlles in
the. cy"toplasm of the lymphocytes ’ and a low grade reticulocytosi.sf/ Blood chemis~
try and urine findings were consistently normal, Iocal treatment consisted of
routine burn therapy with accessory chilling and later surgicel debridement, Gen-

eral treatment involved. the use of rutin, high protein diet, multiple vitamins,

and parenteral pem.c:Lll:mo Prognos:.s 4s dependent upon the status of the vascular

supply to 'the'burried'areas in view of probable sk:m grafting and the careful late

e
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follow-up necessary to recognize early malignant changes.

‘Bo . SUMMARY:.

Four cases of beta ray ‘burns to the hands have béen presented with care- -
ful consideration of the clinical course, laboratory findings, treatment and

long range prognosis. ..

I
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FIGURE 1

CASE I - 11 DAYS APFTER EXPOSURE
THIS DEMONSTRATES THE BARLY VASICLES ON THE SECOND
FINGERS OF BO1H HANDS AND THE SHARP MARGILHATION OF

TS ERYTHEMA O 1THE FOURTH FINGER OF THE LEFT HAND.
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FIGURE 2

CASE I - 18 DAYS AFTER EXPOSURE-

‘ THIS DEMONSTRATES THE LARGE, TENSE, CONFLUENT BIEBS
WHICH. FOLLOED THE SECONDARY ERYTHEMf&.
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FIGURE 3 -

CASE T - 82 DAYS AFTER EXPOSURE

THERE IS AN ULCFR OVER THE FIRST FHALANX OF THE SECOND
FINGER WITH & SLIGHTLY VASCULAR, FIBROTIC GRANULATION

TISSUE COVERING IT. THE SUFERFICIAL DESQUAMATION OVER
'THE OTHER FINGERS AND ‘PAIM IS ALSO QUITE EVIDENT.
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. FIGURE ':é: . -
GESE T 158 DAYSAFTER EXPOSURE -
| IQSTIILAN”UNHE&IEDUIBMTEDARE&GVERTHEFIRST‘
mﬁm OF THE smonn FINGER FITE ANETROPHY AND FLEXGR .o .

CON’]RAETION GF THE DIGI
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FIGUEE 5 .

CASE II - - .21 DAYS AFTFR EXPOSURE =~ - -

THIS  DEMONSTRATES THE TENSE DIGITAL BIRBS WHICH COVER THE
ENTIRE PAIMAR SURFACES AND EXTEND AROUND TO THE TATERAL
ASPECTS. OF MANY FINGERS. THE BLISTER ON THE THENAR ASPECT

' OF THE LEFT PAIM IS AT THE SITE OF & FAIRLY RECENTLY HEALED

FRESSURE-FRICTION BLISTER INCURRED ﬁIOR TO THE IRRADIATION,
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FIGIRE 6
. .CASE'II "= 35 DAYS AFTER EXPOSURE
THERE IS MUCH SPONTANEOUS DFSQU&MATIdN OVER THE BURNED

AREAS WITH & TANNED APPEARANCE OF THE PROXIMAL PORTIONS
OF THE PAIMS.,







FIGUEE 7

GASE-IT -~ 39 DAYS AFTER EXPOSURE

THIS SHOWS THE VERY THIN EPITHELIUM FOUND BENEATH THE THICK,

. DEAD. SKIN WHICH HAD JUST'BEEN RRMOVED SURGICMILY, — THESE

AREXS WERE VERY PAIN SENSITIVE.
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FIGURE 8

CASE II - 82 DAYS AFTER EXPOSURE

THERE HAS BEEN COMPLETE EPTTHELIZATION OF BOTH HANDS,
BUT THE SHINY, ATROPHIC EPIDERMIS IS EVIDENT OVER BOTH
INDEX FINGIRS. THE SECONDARY BREAKDOWN CCCURRED IN THESE

AREAS AT ABOUT THE 160TH DAY,
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. FIGURE" 9

CASE III  =. 14 DAYS AFTER EXFOSURE

- THERE ARE SMALL, FATRLY DISCREET VESICLES ON THE

SECOND. AND THIRD FINGERS GF THE IEFT HAND, THESE
VESICLES .BAD A DEFINITE BLUISH COIOR, THE RIGHT HAND

WES, NEVER IWOLVED. =~ .-
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FIGURE 10

| . CGASEIIT - -67 DAYSTAFTER EXPOSURE’

THERE ARE FATRLY DEEP UICERS SIMIZAR TO THAT SEEN
IN"FIGUBE B&ND CORRES?OND;NG TO THE POSITION CF. -
THE VESICLES SEEN. IN. FIGURE 9o THE SUPFRFICIAL
DESQUAMATTON OF THE PATMAR AND DIGITAL SURFACES IS

XLSO SHORN. -
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FIGURR 11

CASE III - 116 DAYS AFTER EXPOSURE

THIS CLOSEUP VIEW SHOWS THE EXTENT OF THE ULCERS DUR-
.ING THE FOURTH MONTH, SMALL HEMORRHAGES CAN BE SEEN

IN THE FIBROTIC GRANULATION TISSUE AND & SHINY TENDON

SURFACE IS PRESENT IN THE IESION OVER THE FIRST FHA-
LANGEAL JOINT OF THE INDEX FINGER. '
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-© FIGURE 12

CASE TII' - - 165 DAYS AFTER EXPOSURE

THIS. DEMONSTRATES THE DEGREE OF HEALING WHIGH OCCURRED
DURING THE 49 DAYS BETWEEN THIS PICTURE AND FIGURE 11,
THE TENDON SURFACE IS STILL VISABLE TEROUGH & THIN IAYRR

- OF FIBROUS TISSUE,
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USE OF Na?¥ IN A CIRCULATION S1UDY ON A PATIEN 139

BELIEVED 10 HAVE IMPATRED CIRCULATION IN THE LEFT LEG.

Edgar Leifer and John R, Hogness

Since the patient presented a diagnostic problem as to the
t&bé.of vascular disorder present in his left lower extremity,
it was felt that circulation studies with radioactive sodium _
“would be of value in establishing a diagnosis. In view of the A

projected left lumbar sympathectomy, pre-~ and post- operative d

cireulation studies were proposed for purposes of evaluation of
the effects of operation.

Five cc., of normal saline containing 50 microcuries of radio-
active Na were injected into the left antecubitel vein. "Radio-
activity was determined at the soles of both feet for 30 second

periods,*alternately, until the counts had levelled off and the
exchange of Na had apparently reached equilibrium. (See accom-
panying graph)}. Observed radioactivity in both feet was found
to be equal within experixﬁentalierror° Counts in both feet
levelled off at the same ﬁiﬁe (about 30 minutes) comparable with
the normal observed by Smith & Quimby (Radiology: Vol. 45, No. 4,
Page 335 ~ 1945.) '

Circulation time from arm to foot was measured and was found
to be 30 seconds in both extremities, which is within normal
limits,.

After the counts at the soles of both feet had reéched equi-~

librium, radiocactivity was determined at various points up both

e
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legs to the sacro-iliac regions. {See accompanying chart). , g

These counts were found to be almost equal for both right
and left lower extremities at all points, except just ebove

the knee., In this area there was a variation, the left (dis-

| eased) extremity recording a higher count by about 200 counts/

30 sec. than the right. The espimated,expe?imental error is !
about 100 cbﬁnts/BO sec. (repeated determinations at any one
point agreéd'within 50 counts/BO'secu)° The apparent difference
between the .two extremities.abdve the knee is of border line
significance. | .

One hour after injection a‘gample of.ﬁlood was withdrawn
from the patient's arm and the amount of radioactive sodium
present in the blood and plasma was determined. Using this
velue, the Na space was calculated to be 13,9 litérs. No
radioactive Na was found in the eryth:ocyﬁes.

Urine and feces we,re.,colle‘cted for AZLP hours after injection
and analyzed for radiocactivity. It was found that 8.1% of the

total body-Na is exoreted .in-2k hours .in .the urine. Similarly,

" 1.,0% of'theﬂNa“wésvfodﬁd~in‘the two stools;excreted by .the

patient in the .24 hours after injection. -

CONCILUSIONS:

1. . The lack .of difference-between the readings obtained
at ‘the soles.of baoth feet after injection is evidence'agéinst o
the4aiagnosis of:actiyekthromboéngitis;éblitérans, -
" 2, ' The time- at which equilibriﬁm.Was reached. in both feet,

as well as the circul&tion“time isnwithinfthe"range reportéd .

by Smifh and Quimby in their series of normals. This tends to -

)




-
confirm a normal circulation by the sodium test with the 144
extremities horizontal and at reste.

e The difference in the readings above the knee (left
(diseased) extremity greater than the right) is at the border-
line of significance and may indicate the existence of coll-

ateral circulation about the left knee with possible obstruc-

tion of the popliteal artery,
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TREATMENT OF & CASE OF THYROTOXICOSIS WITH IODINEI131

144

Bdgar Leifer, Guy Schlaseman & John Hogness¥

Patient W gave a2 history of hav.ing ‘hyperthyroid symptoms extending over
a period of ‘about i‘ivé years. The diagnosié was first made while the patient
was sem.ng in the. Armed Forces. At tha:b time, according to the patient, his
BMR was above + 100, A"."b that time operat:Lve removal of part. of the 'bhyroa.d was
advised, but ,the patient refused. The pat:.ent was then put on Lugol's solution
with some remission of symptoms.

Lfter being discharged from,'the Afmy, th’e pe;.tient ';ve;s examined by another
physician who said the Vdiagnosis of thyrotb;;icosis was not justified, and Lugol's
was discontimied. The patient later 'méved to ‘SantéAFe‘and consulted another phy-
sician, and the diagnosis of, hyb,erthroidism was again made, Treatment with thio-
uracil was instituted. hfter-a per:iod of thié treatment the patient developed
agranulocytosis with mltiple abscesses of the neck. and peri.neum; Thiouracil was
then discontinued and for some time.thereafter‘ the BMﬁ reméined low. Gradually'
symptoms of a hyperactlve thyroid reappeared and the mtient went back to the use
of Lugolls solution w:.th some- rellefo The" pa‘bien‘b did not msh operatlon, so this
was deemed a good case for treatment with Iodin_eBlo -

11 iodine therapy was discontinued for more then a ~month-prior to the esti-
mated date of treatment, The Iodine™ T was or&ered from Osk Ridge and arrangements
were made. for the patient"s admission to fhe Los Alamos Hospit_al where patient was
’bo be studied and the 'brea'bment g:rveno . '

‘Studies made prior to treatment showed BMRfs of + 55 and + 39 on consecutive

days. The blood cholesterol wasg 183 mgo' %,and +he cholesterol ester was 82 mg. %o

* The authors gratefully acknowledge the ass:.s’oance of certain Clinical and
" Laboratory persomnel of the Los Alamos Hospital for their part in collec=
ting clinical and laboratory data.
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Blood examimtlon showed a relative lymphocytosis, otherwise negative. Other -
prellm:.nary studies ghowed a roentgenologically normal chest, a negative G, C.
Floculation, norma.l glucoge and galactose tolerances, a zero Thymol turbidity,
and a normal EKG except for simug tachycardia. The patient was then reevaluated
and considered a Agood case for treatment with IodinelBlo
Upon receiving the Todinel?l an assay was made and checked against the Oak

Ridge assay. The two checked favorably. ' The patientis thyroid was examined and

estim ted to weigh 56 gi:eme, On the basis of treatment consisting of giving |

100 microcuries peir gram of thyroid, the patient should receive 5 millicuries of
| Iodineml;_ B'eing~=conservative, ,hovae{rer, the patient was given only 4ol milli-

curies of Todinel3l contained in 2 ml. of solution, The 2 ml. were put in a beaker °

and diluted to 15 mle with water wh:.ch the patient then drank Then 15 ml, of
water were pub in the 'beaker and the patient drank 'bhlSo This procedure was re-

peated and then the pat::.ent ringed out hls mouth with water and this was discar-

dedo In less than a- m:mute, counts were picked up in the thigh :mdlcat:.ng absorp-

tion of the radioactJ.Ve iod:.ne from the stomach and its reaching the thigh via

the clrculation., Gounts over the regi.ons of the stomach and the thyroid showed a

gradual decrease in counts over the former and a more marked increage in counts

over the ]attero |

Urinary excret:.on stud:!.es of the radloactive iodine were done. The values

of the amount excreted were calculated back to the time of adm::n:Lstratlon of the

iodine so that the percentage of the administered dose excreted could‘be calcu~

lated. These results are given in Teble I.
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TEBIF, Is=-~Urinary Bxeretion of ]gd; g

Days After Treatment Per Cent of Dose Bxereted
O = l 3602%
1 - 2 - 305%
2 =3 ' 1.2%
3 - Zp 103%
L=5 1.1%
10 - 11 0.7%
11 = 12 1.3%

The progression of the basal metabolic rate is shown by the data in

Table II,
TABIE IIls=-~Pro ion_of the Ba Metabolic Rate Afte inigtratio
_Date BIR
Bugust 31 + 55
September 1 + 39
TREATMENT (September 2)
September 7 + 29
Zeptember 15 + 46
September 22 -+ 37
Zeptember 29 + 35
October 13 + 25
QOctober 27 + 24
November 24 + 12

Blood cholesterol an@ cholesterol ester levels were determined and are

shown by the data in Table IIT.

TABIR IITIs--Blood Cholegterol and Cholegterol Ester Levelg Following the
Ldminigtration of fodine

DATHE CHOIESTEROL - CHOIESTEROL ESTERS
Sugust 31 ‘ 186 mg, ¢ = - .' 84 mgo %
Zeptember 2 183 mg, % 82 mg, %
TREATMENT (September 2)

September 7 135 mg. % - 108 mg. %
8eptember 15 . ~ 204 mg. % =
September 22 195 mg, % =
September 29 180 mg. % -

October 27 140 mg. % =

November 24 180 mg. % -

The blood picture remained essentially unchanged following treatment. It

remained negative except for a glight relative lymphocytosis which was also noted
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prior to treatment,

Routine urine examinations remained negative throughout.

The patient has had a gradual remission of such symptoms as nervousness,
tremor, and restlessness. He has been graduglly gaining weight, sleeps soundly
at night, and has noticed a mgrked‘improveméht in his personality. Now, almost
three months after treatment, the patient, to use his om words, feels better
than he remembers having ever felt in thé paéto The only symptom ﬁhich has not
'shown improvemenﬁ to present is his exopﬁthalmos° This has remained essentially
unchanged, ' o '

CONCLUSION:-- A patient with thyrotoxicosis was treated with Todinel>T, the

patient receiving 80 microcuries per estimated gram of thyroid. Results three
months following treatment are excellent with no evidence of toxic complications

from the radioactive ic_:dine°




ELIMINATION OF URANTU OXTDE- (U50g) FRON THE TUNG OF THE
. BAT FOELOVING TRACHE&L INSUFFIATTON

; Guy'Schlasemqng Jameslnﬂﬂl and Gefoldwmenney . “‘:ﬂélES

As a prellmlnary experlment to p0851b1e 1ater 1nvest1gatlon of the fate of -
uranium oxlde inhaled by humans, it was thought adv1sable to first study anlmals .
which had received iptrapu}monary'uranlum ox1d§.‘ Adult rats were chosen fbr
this purpose; Intratracheal insufflation was decided upon as 2 convenient meaﬁs
of admlnlsterlng the uranium oxide dust. Folloﬁing édministraﬁidn of the matere
1al its mode and rate of elimination from the respiratory tract was followed
* qualitatively by means of periodic soft x-ray examination of the lungs a.nd ab=
domen., Post mortem examinations were made also for possible correlation with
the x-ray examinations,
MATERTATS AND METHODS

Finely ground uranium oxide (U30g) dust was obtained and examined under the
microscope, The pérticle’size was found to vary considerably, some particles
being greater than ten microns ;n diameter, In order to obtain a dust.consistw
ing of particles of two microns or less (optimum size for entering the alveoli)
several grams of thehoriginal powder were placed in a tall measuring cylinder
containing 1000 cc. of distilled water. The cylinder was shaken vigofously and
the U308 allowed ‘o settle for fifteen minutes. At that time the top’250 cc, of
the resulting suspension were decanted and filtered by suction., The voluge in_
the cylinder was then restored to 1000 cc, witp dis%illed water and the prbceduré
repeated several times. The filter paper containing the dust was dried in an
oven, and the fine powder was scrapped off, The material was then shaken in a
flagk with glass begds-to break up the clumps. -The particles were examined micro-

scopically and found to have a much more even size distribution, A rough estimte

showed the majority to lie between one and three microns in diameter. A more ac-

curate determination of particle size was not thought necessary for this experiment.

e e
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Preliminary work showed intratracheal insufflation to be a relatively
simp}e procedure, Anesthesia with ether was found unsatisfactory because
of excess micous formation. Nembutal was found po be better in this res-
pect, and was used, despite the fact that as deep a stage of anesthesia
could not be obtained with it as with ether. Atropine sulfate was used at
the dosage of one-quarter grain per 100 gram rat to reduce mucous formation.
Mucous formation proved to be an important factor, and will be discussed
later, |

& midline incision was made in the neck, the fascia was cut with scissors,
and the soft tissues and muscles were separated by blunt dissection to re-
veal the trachea., A short section of the traches wes freed and elevated.

L trensverse incision in the trechea was then made with a ragor blade. I%
was found’that bleeding was minimal if the incision was made in the middle
of one of the trachegl rings. A weighed amount of the prepared sample of

U30g dust was placed in a small caliber glass tube bent in such a fashion

that its tips (which was drawn out to capillary dimensions) could be inserted

into the opened trachea, The tube was then inserted into the trécheotomy in-
cision with its opening towards the lungs. A suéden gush of air, supplied
from a 10 cc. syringe attached to the tube sprayed the dust into the lower
respiratory tract. Iater examination showed this to be an effective means
of getting the particles into the alveoli. Care was taken in the insurffla-
tion so that the inserted tube did not occlude the trachea. The tip of the
tube was of such dimensions so that when it was inserted there wés still .
sufficient passage space in the trachea for air to leave the lungs. This
precaution lesgened the possibilify of traumatic rupture of the Jung from
the sudden influx of the 10 cc. of air used in the insufflation, During

the insufflation, the tip of the tube was placed as near the biforcation of

the treches as could be estimated. The treuma of the operation, the insertion of the
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tube, and the insufflation of 10 cc. of air (no uranium oxide dust) produced
no mortallty 1n control animals.

During the actual administration of the uranium oxide, it was fourd that
excess mucous formetion caused immediate death. The reason for this was that
the mucousrimqgﬂéaﬁely collected the insufflated dust particles and gathered
them into a clump which was large enough to occlude the trachea causing the
animal to suffocate. This difficulty was overcome by giving atropine sulfate
to cut dovn on mucous‘fomation and by having a smaller opening in the tip of
the tube which gave greater dispersion of the dust perticles.

OBSFRVATIONS

During the first few hours aftef insﬁfflation the parpicles which had been
deposited along the bronchial tree were moved along by ciliary action and often
collected together into a viscous mixture of dust and mucous in the mid portion
of the trachea., This mass was sometimes sufficiently large to occlude the tra=
chea and cause suffocation, Buring this stage forceful artificial respiration
was sometimes sufficient to disperse the mass and save the animel. At this
time and for a day or so later, a nasal discharge of U30gdust mixed with mu-
coug was often observed.

Lnimals vhich survived the early critical stage did fairly well for periods
ranging from four days to three weeks, averaging about a week, following which
they then developed what appeered clinically to0 be a pneunmonitis and died.

Post mortem examination; at this time revealed congestive lungs compatible
with a pneumonic process.

Of the insufflated animals receiving follow-up x=-ray examinations, Rat #9
is a typical example, This animal received approximately 50 milligrams of

prepared uranium oxide dust intratracheally. Selected X-ray films taken of
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this animal are prgsented in Figs. 1=9,

Figure No. 1 was taken forty mimites following insufflation. The proximal
half of theltrachea and a great portion of the bronchial tree have been made
radiopaque by the UéOg duét adhering to the surfaces. There is irregular dige
tribution along the main bronchi sﬁggesting that partial elimination has al=
ready taken place. In the mid pbrtion of the left lung field and in the right
base are seenﬂpaﬁp@gs of increased density where dust particles have entered
the lung tissue proper,

Figure Nﬁ;_énwgs taken one end one-half hou?s—following insufflation. At
this time breathing was irregular and a black nasal discharge was noted. There
is now an apprecizble breaking of contiﬁﬁit& of the dust f£ilm in the trachea
and left bronchus indicating elimination of tﬁe U30g by ciliary action. This
process is much slower in-the right bronchus. The fine distribution of par-
ticles in the mid portion of the left lung field is better seen in this- figure.

Figure No. 3 was taken three and one-half hours following insufflation.
There is now almost complete elimination of the dust from the trachea snd from
the left bronchus except at the base., ILittle change has taken place in the
major portion of the right bronchus. The densities previously seen in the
lung tissue of the right base have become finer and more humerous° In the mid
portion of £he trachea are seen two accumulations of dust in the process of be-
" ing moved'upwardg. A small amount of Us0g which has been completely removed
from the trachea and swallowed is now seen in the stomach,

Figure No. 4 was taken twelve hours following insufflation. The dust has
been almost completely eliminated from the trachea and major portions of both
bronchi, This material has been swallowed and is seen in the stomach, Dis~

tention of the stomach ig also noted at this time. The distention is proﬁably
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due to the use of éther as an anesthetic to sedate the animals during f£ilming,
There has been little removal of pérticles from either base. Apparently some
elimination did take place in these regions only to be stopped by plugs of

mucous and dust in the lower bronchi, In the right upper lung field of Figure

. No. 3 was a suggestion of clouding which is more definite in this figure. A&p-

parently this region_hasAalsb been invaded to some degree by the dust particles.
Figurg No. 5 was @aken tWentybfour.hours following insufflation. At this

time breathing was qpite‘ﬁoiéé; There is little change noted 1n the lung pic-

ture. . The plugs re@aih in both baseh and dust may be séen in the lung tissue

of the right base, the right upper lobe, and the mid portion of the left lung

. field. The particles which were removed from the lung and swallowed are now

seen leaving thé stomach,

Flgure No, 6 was taken thlrtyaone hours following insufflation., There is
no appreclable change in the Jung plcture. The material which has been swallow-
ed is now seen in the stomach and gcattered along the small intestine.

Figure No. 7 was taken fifty-five hours following insufflation.. At this
time the clumps of material in both bases have undergone partial resolution
and elimination, There is still some U30g remaining in the stomach, The
major portion of it, however, is now in the colon, The animal was sacrificed
on £he thirteenth day. |

Figure No, 8 was taken immediately following éacrifice° The clumps of
material which were seen in the right base are now br;ken up and mostly elimi-
nated. ' Those previously seen in the left base have been completely removed.
Pulmonary involvment is striking in the mid portion of the left lung field and
suggested in fhe upper portion of the right lung field. The U308 is how com=

pletely eliminated from the gastro-intestinal tract.
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The lungs of the animal were then removed and X-rayed. This is shown
in Figure No, 9. There is diffuse involvement of the left Jung where dust
particles got into the alveoli. In the right base there are still some un-
resolved clumps and minimal involvement of pulmonary tissue proper. There
is also a slight involving of the right upper lobe.

Periodicqxf;ay-examination%—of other animals were essentially similar
with minor differences. In two oﬁher~serie§ th? distribution of the pér-
ticles was a little more localized., The majority of the dust, outside of
that remaining in the trachea and bronchial tree, was concentrated in part
of one or the other lower lobes, The pattern of elimination of the parti-
cles was similar in all cases. The only differences noted were quantitative
as referred to phe'distribution within the lungs. Thus, the. elimination
as outlined in the discussion of rat number 9 (Figs° ;—9) may be taken as
typical of what,was obgerved in this experiment.,

Pathologic examiretions of thé lung were done at various stages. Animals
which died immediately after or within several hours following insufflation

showed a large viscous clump in the trachez which consisted of U30g dust

mixed with'mucous° There was sufficient accumulation to block the trachea

and cause death by suffocation. There were small dust particles seen trapped

in the alveoli and distribu?ed along the bronchial tree., As was indicated
by the X-ray filmg, the distribu@ion of particles was more or less localigzed,
which was no doubt due to the method of administering the material. A% this
early stage those particles which were in the alveoli were seemihgly lying
free, Most of the alveoli that contained pearticles were in one localizéd

section of the lung, .

Examinations done on the lungs at later dates were too limited to warrant

U
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the drawing of definite conclusions, but a tendency could be noted. They
indicated a gradual elimination of thée foreign matter from the_bronchial
tree and trachea. As time progressed, less and less of the uranium oxide
could be found in these regions with the exception of the areas where most
of the dust localized. Apparently in these areas were formed plugs of mu-
cous and dust which blocked early elimination from the smaller bronchioles.
ks evidenced by the X-ray films, these probably underwent a gradual resolu-
tion,

Lfter several days, the particles remaining in the alveoli appeared to
become incorporated into the alveolar walls, and at later dates some of the
particles were observed in the interstitial tissues of the lungs and also
within clumps of 1ymphoid tigsue near the larger bronchi. In many of the
involved areas, at about one week and longer after administration, were
noted areas of congestion and edema suggesting possibly a foreign body re=
action and/or pneumonitis. Throughout the congested areas were scattered
particles of uranium oxide. The particles could be seen in sections stained
with hemotoxin and eosin. Thesé particles were also demonstrated nicely by
dark-field examination of the sections. The particles were identified by
placing a portion of the involved lung into a crucible containing sodium
fluoride and the mixture then fused at high temperatures. The resultant pro-
duct fluoresced under ultre-violet light while a control did not, thus iden~
tifying uranium in the involved lung.

On one examination done two veeks following administration, a hilar lymph
node was sectioned and was found to contain what appeared to be a few particles

of uranium oxide. This, with the particles seen'in clumps of lymphoid tissue

around the larger bronchi, seemed to indicate some elimination of the particles




from the lung via the lymphatic system,

SUMMARY s
L series of rats received intratracheal insufflation of fine particles

of U'308° The majority of the particles lay between one and threé microns
in diameter. Most of the particles were deposited alopg the trachea and
bronchi. These were moved upwards by ciliary action out of the ‘trachez
and subsequently swallowed and eliminated through the gastro-intestinal
tract. The particles which entered the alveoli were apparently picked up

by macrophzges and eliminated in part by the lymphatic system.
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