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kit. NsiraocioM.' 'ticis op Xrays ok chiceib hot special
IEFBrnXE TO TIE POEKUTUL BLOJI Al® HQDKJImC OKCABS

By

Raymond ‘iurrny, 2Uua Piero*, urd Leon 0. Jooobaonf

ASSTIUCT

Chickens, 3 to 11 weeks <dd| M n treated with doses of 200 kv frays?
ranging from 2 r to 1200 r. Tho radian lethal dose for 3-vei<k'<iLd ahickens
appeared to lie fcatvom 400 r aM $00 r. !Uat-onatholo(rlo ohonree in the
11-week (FHolamparalleled those reported for sssadaof ccrnerablo matur-
ity, with the exception of dipssco to neurllewRa sheath cells in the chickens.
The 3-woek-c\d chicken* suffered edditlonal dL.x&go to Irsatar40 structures,
bat the threshold of observa<\Le damage to the lymphatic tissue (25 r) wee
comparable to that reported for mnnele.

By application of a slight codification of Ityes3 nethod for peripheral
blood counting of fowl, dramiic decreases in blood constituents, parallel-
imC those reported elsewhere for narrals, wore soon in 3*veok-old and 5 week-
old chickens after treatment with 600 r and 800 r, respectively. Tfunrrous
degenerating cells ucre observed in dry smears node during the first week
after irradiation, in contrast to tho scarcity of such findings in sneers
of tarjanlian blood at th» sane period. Altlicwgb the nccraai values far leu-

kocytes of chickon blood, were found to be several tines those of wmmlkB

* The authors aro indebted to ~htth9"j H. Block who contributed to tho early

phases of tho investigation ana to Urs. Loriao Ifomnn for her technical
assistance.



t0.ood, Uiio tlffc'cre* rtcccunt cr»ly 1b pnrt' ior the "ifctc u*/ri**r»*
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THE FTQILOGICAL EFFECTS OF | RAYS (H SIXCKFR? VXIH 3,FEJAL
HEFEREKCE JO THE PEWIEOUL BLOCD ARB HEHOTOIFTIC CBRAIR

Raymond Murray, Mila Ptaroo, and Loon O* Jacobson*
1. Introduction

The acuta effect* of 200 la X-ray treatment on chickens were investi-
gated in a aeries of 200 anlrals exposed to doses of 2 r to 1200 r. An
additional aeries of ICO chickens served as the control. Several features
rendered the chink particularly useful as the experimental subject In the
Metallurgical Laboratory, notably; the ease of handling, the uniformity of
development, and especially the adaptability of chick's anatomical struc-
ture to a study of certain bloul-ocU-forning processes. Since erythro-
poiesis in the bone narrow of the chid: la intravascular while oyelopoiesio
is extravoscular, and since the bone narrow contains true lymph nodules,
radiation effects upon the separate .Tarrov constituents are more readily
apparent than in normalbO Although iynph nodes, as such, ore not present
in tho chick, lymphatic nodulef are found in almost all of the organs; ex-
tra-medullary oyelopoiseis, ©specially granulocytopoleeis, occurs in tbs
sane organs identified with this activity as in rodents but also occurs in

the heart, intestine, loose connective tissue, and elsewhere. In addition,

. The authors ora indobtod to aitthow it* Block who contributed to tbs

early phaoos of tho investigation and to tfrs. Lorino itewnan for her
technical oacistanco.



observati.-n of the effect -/ ruc*iitl<a on #ii3X-drmoping *rjruns, to fear
Inptoncf upon the* rst/mepbrof *Mc totaled, Is permitted by the use of y»
vecwmol d chick#.

This report Is ao arranged that the offdots of GQ3Dr, nexve as the
basis of criteria for a*6cribir»f tt.o dinar©* due to other dose levels of
radiation in each organ Rejiilts obtained with 10CO r are the® presented,,
relieved by threa vith 400 r And the 3over dose level# in turn. A eerpari-
aon is offered of the effects jf the bare dose of 800 r upon the individual
organ* of a scries of 3-veek-old arid Il-voak-03d chides. A iUHMxy nrd
diacussior follow. Ho detailed report is ride heTe for the aninal# receiv-
ing 1200 r, tuaoe few survived for serial sacrifice and since the pattern
of danage obaarved van very similar to that bocd after 1000 r. The nur.ber
cf cninal8 sacrificed at t ws various doses and irtervals ip detailed in
Table 1.,

The chickens for both the blood and histological studies were exposed,
in group# of three in piratic boxB# to 200 v | radiation., Characteristic#
of the radiation and desiretry aro described in detail In another report”'.
The aninala vere sacrificed by decapitation, and the tissues t#ero fixed in
Zecker®-fomol ooluticn, icbcddod and sectioned in nitrocellulose, and stained
vith herato”lin-eosin-'i rure 11 ,.

There were no specific studies node to deteinins the redian lethal dose
or tine of mxJ.raiB raortality artong these anincls, but the record of deaths
suggests an IDjq betwe(ien 400 r and 800 r  With dobob of 1000 r or norc,
moot of the 3-vock ohickonn died within the first day, althougi a few sur-
vived for a week. After 800 r -any died early, but about half survived for
a week and a fov for at least 6 woolen. With 40C r or leas, there vere a

very few deaths just under 2 weeks.



Table 1

Doooe and Intervals

jhook CU-cly
400 r 100 r

Jhr‘b£72f..AnAw4’|r

] 2 2 2
45 sin..

1 hour

NOrin._ .

2 hours

2 hini AL$ ada. *
3 houre A

3 hPB .~ rain.
4 hours

5 hours

yi hours

7 liours 0+j\
P hours

1C hours

|
10 hcure
13 hoars ’
L. hoars
15 lours
2™ hoars
16 hours )



Tafcls X (Contluusd)

o IL-w«k
3-vesk Chickr, (BQ) v ~ ~ ~ o — [hicks(Bg)

, 10W T BOOr XOF  oE- Egb 6 r 800 r

Jrtvrvnle
24 hours
% hour*
* 36 hours
4® hours
72 hjora
4 Aftys

5 days

O QWirt

7 days

3 days

7 dcyc
12 days 2 2
34 days

ju days 2 2

N~ N -
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Aft3T tr-atrc.it hr c.'« <ftri :r-j = uvie, ‘'kovrc ai.no of
weakness, especially In tha&t legs, Twnc that rirvivtd the irrtdifltlon
for &gy tire \«re jp&itnif* Ln ”~ cv-Jv  The feathers of nary *«n* ruffle, t*d
the ooribe of the whl— did not drynh p no:-Bally. At cnto.xv U.o I"T iatie
crtane were fcunl U be rmIl, and ®r intestine *>ften ccntoiied hem&ntmgle

areasj no ether significant- elmnfoa could be discerned on grota examination.

2.1 tutorial? cud Mathodai Tho methods need for counti:if nemallan
blood cells cannot be need fcr counting the blood cells of chickens for
several reasons. Hie diluting fluids used far the study of ronls cense,
in chickens, hemolysis and clxcpinf of the erythrocytes, and hence, spurious
counts of red cells, "Euder.tod stromta* fron the henolytied nucleated ery-
throcytes nay introduce, furtleraa**, a large, variable error in the leuco-
cyte count. Aryrefood that cr.prol? cn corrpleto banolyaia of the erythrocytes
in order to count the lracoqrtco ©arret be applied to the blood of ctilokeoe,
in which almost of all tfce erythrocytes are nucleated.

Uetraare's™ modification of the Blain method of differential eteii/jog
of tho leucocytes with creayl blue tud pyronin vos tried vithcait satisfactory
results, Tire relatively faint stain:jig did not odd materially to the mnv
nholgic criteria for dlstirguiohing between the cell types, and clunping of
erythrocytes frequently occurred oo nipldiy that counts wore nxtrcoely un-
reliable.

In attempts to find a diluting agent that would fix tho oello quickly

before clumping ocrirrrd, 1 per cent acetic acid, 0.1 per cent picric said,

* Wi mi »



0*4 0*2 per nm| wgram .ev4”"/idt wars used. u- fr.oh case barolyaia or
agflutifetlcn rod® caamthnf inpoeslhle. Vitfc 50 per cent projyleno elyool,
to which *»xro Xl bad Utn added, the c”Ur *rr« discrete and w*U~
staired, bit. difficult t* ce* boom** of thr similarity In rcfYucilrs Intke>:
of the cells end Use diluting tedium.

Because osnlc acid ban been used »# Kyee” with satisfactory results,
I per cent. and 2 per ocnt oemtc wore triad, with and' without dyes, It inm
fc*ind that the d;©r did cot appreciatly aid ifc Uir differentiation and seemed
to increase tho litolihood of erythrocyte agclutimtio®. The 2 xtr cent
ocnin diluent at rtoa tergpora are, rather than at 43°C, eta used by Ky*J, vu
satisfactory for d'.rtinguJphinf ell the soil types XT the count was node at
500 Xnngeification, Rie -Jirspbocytoa coulu be distinguished fro* the lyitybo~
aytes by their oval or spindle shape *ind polar crsuiulee, ard the graimlocyt**,
by their specific Tairolaticn. Ho "nurd™atod stronata” or jottlolly he’aalyrwd

erythrocytes were aoen.

In practice, the nethod ussd ves an fallows! A Areajewing drop of

x|

P

blood flrora the lag or wing win we* drawn to the 1 narlc us a etandard red
pipette, and diluted Imedlaidy .(speed ifl of great importance) to the IQQ
msari; with 2 per cent oonic acixI?iyirg a dilution factor of 100. lympho-
cytes, grs mJ~cgrtes, and thraibocyte© in tfco four large squares of the cbma-
lor were counted separately, at>d tho totals mLtiplisd tp 250 to give the .
total nunbor of sash cell tyns jj«r cubic7”~. Counting the cells nwutred
individual xaorphclo™cal iderUficatlon of each c?ll under tho 43 X oLjea-
tive, but the tedlua of this procoduro was partially compensated\iy tue foot

that a differential as well as on absolute leucocyte coulLt were obtained in



this wsy. tW 6 .;cr*v. r1l K*jrts thus obtained checked va.ll with others
ivide fron dry smears.

The total leucocyte count, exclusive of thrombocytes, was found try till#
method to range fron about 15,000 to 50,000 or rore, in a variety of chickewi
free various sources and of vx.yiig r.ges. Lower values were found in chides
1 to 2 weeks of ago, tt.o highest In 6-ueek chicks, and Int/eroadl&te values
in catnre (3-oranti: to 12-nox.th) hens (Tables 2, 3, and 4)* Although
the variations were great, all values were relatively high compared to those
of Domain, and ir no case could we confirm Kyos* finding of leucocyte values
eirllar to those cf immallan blood. The increase Ir. total leucocytes <l-h
increasing age appeared to he olnoot entirely on increase in granulocytes,
as appears in the acconpcn/inf taffies. The 3-week chickens used for the
preoont experiment, chosen to correspond in ago to the histological material,
had leucocyte counts more 112jo tho 6-week chicJca than like the 1-woek chicks.

Some indication of the variations encountered in repeated counts of &
single subject can be mon in Table 5. The vide variations in the first few
samplings msy represent technical errors resulting free unfaniliarity with
the methods. On the lost two days the variations are such leas, but still
perhaps somewhat greet©*? than usually encountered in the counting of rem-
noHan blood.

Reticulocyte counts were made on aaeafs prepared in the standard manner
with brilliant cresyl blue stain, Wriffct stained dry manors were examined
for morphologic eban™00 in the circulating colls. Hemoglobin determinations
were node in a photoelectric hcooflobicorcter calibrated for human blood and

the valuei given ere uncorrocted.

«
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Date
10-5-44
10-6
10-6
10-9
10-9
10-9
10-9
10-9
10-9
10-11
10-11
10-11
10-11
1041
10-11
1041
1042
1042
1042
1042
1043
1043
1043
30-13
10-13

5SESSSEG36EL£S6et888S8SESS ?

Tylfryg
Leucocyte counts on chickens 4 days to 12 dago of

Age In
Doyo Total
4 67,700
5 66,250
5 68,000
8 61.000
8 52,”50
8 66,000
8 70,000
8 51,500
8 46,250
10 65,000
10 55,250
10 69,750
10 55,000
10 63,750
10 62,750
10 62,500
11 71,000
11 95,750
11 80,750
11 63,500
12 57,250
12 56,500.
12 54,000
12 60,750
J2 ... j&JSP

Leuco-
evteo

24,250
20,250
23,000
21,500
16,750
15,500
23,250
17,750
13,750
19,500
22,750
25,750
a, 750
25,750
24,000
24,500
26,250
27,500
31,000
20,250
22,750
18,000
19,500
13,000
29.000

sytoe

20,500
Ur?50
12*750
16,000
34,250
13,500
14,250
14,500
12,500
14,500
18,750
19,750
17,750
18,500
15,500
18,250
14,500
a , 000
19,750
16,500
14,500
15,500
16,000
10,500
22.250

Granule-
c.vtos
3,750
5,500

10,250
5,500
2,500
2,000
9,000
3,250
1,250
5,000
4,000
6,000
4,000
7,250
3,500
6,250

11,750
6,500

11,250
3,750
8,250

' .2,500
3,500
2,500
6.750

*frorS>-

43,500
46,000
45,000
39,500
36,003
50,500
46,750
33,750
32.500
45,500
32,500
44,000
33,250
38,000
33,750
33,000
45,750
(£,250
49,250

43,250

34,500
38,500
34,500
47,500
27.750

* Each count represents a different chicken, but oil unp* from a group of

30 hatched on the sane day (10-i-44)-



2828

Laoooqrte counts oa 6->wce»k-olrl ohlcfca

Chick | leuoo- | I*ribo- GrajTud.c- , Tferembo--
e Ho* Data Total cyteo | cytea cyt«j ( cyt##
| 9-16-44 84,000 34,250 20,750 13,500 49,750
9-19 81,500 39,250 22,000 17,250 42,250

9-22 77,000 28,750 13,250 15,503 46,250

n 9-16 86,250 47,750 31,750 16,000 38,500
9-19 62,500 30,000 24,500 5,500 32,500

9-22 94,250 43,750 27,000 16,750 50,500

9-26 93,500 47,500 31,250 16,250 ! 46,000

m 906 78,250 39,250 25,500 13,750 39,000
9-19 140,750 61,000 26,000 35,000 79,750

9-22 111,000 78,250 33,250 45,000 33,000

9-26 116,000 55,750 25,000 30,750 60,250

nr 9-15 . 59*000 26,500 20,000 6,500 32,500
9-20 94,250 52,750 18,250 33,300 41,500

9-25 103,500 59,250 27,000 32,250 43,250

v 9-15 83,500 42,750 26,500 16,250 45,750
9-20 94,250 34,500 22,750 11,750 59,750

9-25 77,250 33,750 18,500 15,250 43,500

Vi 9-15 54,000 27,500 15,750 11,750 26,500
9-20 59,000 30,250 14.250 16#000 28,750

9-25 85,000 46,500 25,000 21,500 38,500
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Leucocyte counts on ratiire chickens frorc another laboratory

Chick
Ho.

1yr.

1yr.

3 no.

@

3 no.

N

Total

58,500

72,500

76,250

90,750

1 Leuco-
cytes

26,250

43,000

38,000

47,500

lynpho-
cyteo

21,500

39,250

35,000

40,500

1

Granulo-

cytes

7,750

3,750

3,000

7,000

Hj . "caX+
oyttli

72,250

29,500

38,250

43,250



Data

9-6-44

9-7

9-9

9-13

Repeated leucocyte counts on a ainflo mature hen

2)
(3)

(3

<3)
(4)

(2)
(3)

(2)
(3)

?0ta

54,250
52,500
70,500

61,000
71,000
110,500
151,000

106,500
86,250
116,250

89,500
94,250
103,250

90,000
81,500

Lsueo- {

cytec

25,750
28,250
25,000

26,250
29,000
33,000
51,000

39,500
31,250
41,000

39,500
40,750
39,750

41,750
39,000

cvt*3

20,000
a, 250
23,000
37,000

33,250
21,750
24,500

26,000
21,500
23,500

a ,250
23,250

I
Granule- |
cgruw

Oom

6,250
7,750
10,000
14,000

6,250
9,500
16,500

13,500
19,250
16,250

20,500
15,750

Thros&x>-
cyte*

28,500
24,230
45,500

J4.T50

42,000

77,500
100.GD

71, (X©
55,0CO
75.250

50.000
53,500
63,500

49,250
42,500
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Two group& cf olx chickfl each were treated with 600 r (23-day-old anl-
r&al'ty and 800 r (37-day-old ardrels), respectively* A conparable Group
oonorola was used for each experimental {roup.- Four of the six chickens
recolAdng 600 r amdrived four veelca cf the blood sanpliug period, but all
thosn receiving 800 r died within 12 daye ¢ The mrrbor of chicks counted at

etc'i interval la shown in Table 6.

Table 6
UJE vore 10bn. Lcto ZMir 4.dam 7jlt 8Act 14dm 28 dors
600 r 6 6 5 5 5 - 5 4 4
800r 6 6 5 4 4 4 4

2.2 genarlobln and coll counts> (a) Hcrjorlobln in g per 100 cc of
bioed and erythrocytes per Single-d««se, total-body X radiation bad
only a noderato effect on hemoglobin oncl erythrocyte values (Figures 1-4)e
T.ie rise In haraoglcbin at 1 day is probably significant only after 800 r,
but here uos an appreciable depression in thin function at 4 days with
both 600 r and 800 r. The apparent elevation of hemoglobin 4 weeks after
60C 1 night be more significant If more than 4 chicks hod survived and if
intervals InteraodJato between 4 end 28 days had been sampled*

The oharp early rise in erythrocytes, seen only after 800 r, possibly
rofi *cted changes in the volurao of blood, rather than an absolute increase
in tis Matter of erythrocytes) the first campling of the 600 r series was
toe late to detect this change if it did oocur* At 4 to 8 dsya there was
a moderate depression in the number of erythrocytes, though after 600 r this

depression waux less narked and a full recovery was effected at 4 weeks.



Figure 1. Effect of 800 r X irradiation on *the haemoglabin
values of 37-day chicks.

Figure 2. Effect of 600 r X irradiation on the heooglobin
values of 23-day chlokB,
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Figure 3* Effect of 800 r X irradiation on the erythrocyte
values of 37-day chidka.

Figure 4* Effect of 600 r X irradiation on the erythrocyte
values of 23-day ahid<a.
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W ia&si\|aichJKiM*£JUua£a*.aisjiL it:  1** Aur
doses of both 800 r ord G3Or Jifurwa 5 and 6), tee retleuXoc” t»3 \x-i9 do-
preefted at 10 hours cr seller, elorated *t 24 h'/urs, arid a*a?.i Jepressed at
«~days (000 r) or &(Uyt) (600 t)« Thereafter,” the value rsr*iui*t low until
death-with 900 r, I*it vsi wll above tea levrl 0? te6 control itiss Jf 4 weeks
after 600 r.

(c) HsraaLffltan pgr JWtl The precipitous fail in tea ntiriica of
thixcibocytes ffctti 45,000 to 2,0)0 cr leese in a irtik Via air «*& Sdtnvnal is
tee 600 r and 800 r srrit-3 (Flgurfa 7 ate 8). The value in tee surviving
600 r chickens lind wccevtrjd substantially at 34 days bat ¢t 4 \*tk2uca
otill definitely tele" teat of the ecntrola+e

(d) Lrixog/tre =sran™t AXUr do-'* c¢f 600 r and 800 * the leu-
cocyte value (figured 9 cni 10} fell apprcodnatcly 50 per cant 7 3 aerrw
and roe* abruptly again ly 10 hours 1c values r>cre tliac 25 par cant above |
ti;e initial or control values# Thoreefkr, a drastic redivrtic-r jut ap*ir-
ent, :eachinf a naxtaaa at 4 toys, wd still prevaillng at 7 teya, Ths
cfctoena cawiving 6CO r rhevsd o substantial rocovery in the rruber of
leucocytes at | weeks bit very little additional increase at 4 vector rha
curves for leuercT/OS ind +hronkeCrt©e ore thus vary jinilnr accept for the
early rise in the fonrer#

Tab peak in .tee leuootyts curve a ID honiT6 vs* eawred hr a staling
rise in the nunber of betsrcpiilla (Figures 11 ar>l 12), wre te*n of'cttiag
a severe concoreltant redurlcn in the nurber of fygbMyt** (/'Xvrtn Ij and
14]« ‘fits lowered heterephj. nine* fren 4 to 8 days sdgit be $« in J«art to
counting as lyEyhcgrfcet an finknuwn number of dells which em i actually vary

ITinfi heterophil lyalccyt: 3lut 4,:u! were iixlittirifi.de: 'm e such only



figure 5. iiffact of..300 r X irradiation on the retio\loc- a

valued of 37-dny eld.els

Figure 6. Effect of 600 r Xirradiation on the roticuiocyle

values of chicles*
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FIG 5
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Figure 7* iiffoct of 800 r X irradiation on the tlirarbooyte

values of 37-day chicks.

Figure 8 affect of 600 r X irradiation . the ttaroabocyfch

values of 23-day ohicka.
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Figure 9. Effect of 800 r 1 inradiation on tre total leuoooyte
values of 37-day dids.*

t e Jd rffoct of 600 r X Irradiataba on the total leuoooyte
mlucs of 23-1ay chicksc
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Ficure 11. Effect of 800 r Xirradiation on the heterophil

valuoo of 37-day chicks.

Figure 12, Effect of 600 r | irradiation on the heterophil

valuoo of 2>-d*y chialce.
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Figure 13- effect of 800 r Xirradiation on tho lynpliocyte

values of 37-day chicks.

Figure U« Kffoct of 600 r Xirradiation on the lywphocyto

values of 23-day chicks*
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Is dry stear© (see below). The continued depression in the miober of hetero-
philn at 4 weeks, honever, points to the extensive damage actually suffered
ty this series of cells*

23 Ttoradologjoal decrsict (@ Iggahocytest In addition to the rapid
reduction in umber, as described above, many lymphocytes showed varying
degrees of degeneration. An Ucur after irradiation sqm 10 per cent of
these cells shewed darege* ranging from clumping of nuclear chromatin to
complete disappearance of the nuclear outline and a scattering of chromatin
clumps throwMjout the cytoplasm. The pattemn of damage remained essentially
the sare at intervals througi 2 days, tut the nurber of degenerating fame
decreased as tha lymphocytes ttomselves vers progressively reduced In nurber,
and no degenerating mononuclear cells occurred at 4 days.

At 2 days there wore few small but many aediun-elaed lymphocytes and

many transitional forms (monocytes?). At 4 to 14 days there was an even

greeter prominence of cells which were slightly smaller tlian the mediun-
Bleed lyuphocytes and which had the nuclei of normal lymphocytes together
wi'th deeply basophilic-staining cytoplasn. By 8 and 14 days the nurber of
small lyrvbocytes was again increasing, and by 27 days the Iymphocytic pla-
ter© of the treated anlnals differed from that of the contr(_)Is only In the
persistent abeolurte reduction in the nurber of Iyrphocytes and in the con-
tinued presence of amyx Iymphocytes with deeply besophllic-etainin™ cyto-
plasm.
Only two macrophages were found, both at 24 hours.

() Thmabocrteft Differentiation of degenerating throebocytes
from degenerating small lymphocytes la often difficult if not iapoaaihle,
ftar a similar nuclear donage takes place in both types. The vmxImm des-

truction, however, seemed to occur later for the thrombocytea (3, 10 and 24
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hour™) than for the lymphocytes (I hour), Throrbocytes with enlarged,
vacuolated cytoplasm war© prominent durirg the first day, lass oo at 2 and
4 days, and largely absent thereafter. At 14 and 26 days the thrombocytes
appeared oomewhat more tlirunken than in control srears,
(0) Ustaronhtfct Ho actual degeneration of heterophils was seen

at any of the Intervals studied throu™ 7 days after 800 r ant throng 27
days after 600 r, A larger proportion of nature heterophils, honvever, was
seen from 3 to 24 hours after irradiation, and a smaller proportion there-
after through 7 or 8 days. Seven days after SCO r there were only a few
late heterophils and no intermediate forms, but a fairly large Increment of
lymphocytic cells with a rather deply baso™iilio-etaining oytoplaan, poe-
sibly "blast” forme, was present. The 6-day specimen of the 600 r series
had, iIn addition to nary of these young forms, oyelocytea in various stages
of maturation os well as normal late heterophils. At 14 and 27 days the
picture was essentially normal, though the nurber of heterophils was still
reduced and the percentage of Irmturo granular forma was still highe

Sons heterophils shoved another kind of change between 3 end 24 hours,
es the rod-ehaped, cytoplasmic bodies became thicker, more distinct, end
more ConspiICcUoUS.

The eosinophils had disappeared by 24 hours, end retumed along with
the other gramlocytaa, | |®

(d Enrthrocrtesi the degeneration undergone by lymphocytes dur-

ing the First dr after i1rradiation was largely paralleled among the erythro-
cytes, which shewed einply dumping of nuclear chromatin, or pyknocels, or
karyorhex:La and dissolution. After 24 hours, when these variations wore |
alrei 7y minimal, such changes were no longer sew.
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Basophilic ar/l polychroeatophilic erythrobleets wart present from 1 to
8 days, particularly after 600 r, and polychroraatophllic and eosinophilic
erythroVlasts occurred with bi-lobed mici-i or with two or three distinct
nuclei. At 14 and 27 days after 600 r this increase in polyeliromatophilio

erythrohlasta had been largely reduced to the level of the control**

% 2rxau»

3.1 Done llarron The bone narrow waa damaged at al! doses from 25 r
to 1000 r. Tbs effect*, however, vary with the alee of the dose, but are
otherwise slrilar in all treated anlrala, Gelatinous narrow waa found,
however, only after 800 t and 1000 r. At all dose* of 100 r or more, and
wost strikingly at the two highest doses, there were at least two warm of
depletion and regenamtton, particularly aiaong the erythrocytes«

(a) 800rt The 3-week chicks underwent a considerable destruction
of narrow after treatment with 800 r. riythropoiesls was oonpletcly wiped
out at 1 hour, and gfi—Icmytnptoil at U hoars (Figure 15b). A few late
farms were still present at these intervale, Itost of Hie large lymphocytes
of the lymphatic nodules - and of the myeloid tissue survived, however,
despite extensive darage to the smaller lymphocytes, Hemocytoblaats in the
ayeloid tissue of the narrow also survived between 2 and 8 hours {Fleur® 15b).
Transient waves of regeneration wore seen at 2-J4 hours Itd 2-5 days *n tbs
erythropoietic series, and in the granulocyte series poseihly at 5 beta* and
certainly from 1 to 4 deye. Theee sporadic attempts at recovery failed, and
the narrow at 9 days was entirely aplastic. Spy.

The damage was marked as early uo the first intervals, from 45 minute*

to 2 htwi after treatment. Mitosis had ceased. The basophilic erythrohlasta
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Fleur* 1. Uff*ct of 1000 r (i) and 000 r (8) on Ua bon*

auTor of 3-wtk chick*,



FIt 19 A BS 1000 r BONE MARROW  5-WACWcktn

ESTIMATES
Ttttl 1Urr«e»
a
Q f«l
O fft
I I l Irjtt* ocytofe<«sele
U iot#
m eofly
11 0 <Orrii
o= MityMBtvMi
Inn el
- O !...
- 7k m ttrijr
III B 0 ao a, fl tolrii
. 4 r n B 1 4
Uintrt« Ul H))*C((
Fro 19B BB 800r BONE MARROW 9* Wc. CMck«n
ESTIMATES

T#t«l Morrow
. 0 niMoN
) m ftl. m«rro*
o f«t
B MMtIHiHII

Erjrthrocftofoioii#

. tarty
0 la »e
8 dttrlt
[
m Mrly
O lot*
Q 4*trU
Uftt,'#ot#d

Ntin Dty»



- n-

were alnost ecnpletely destroyed, and only the mture «r marly Mtun.irf-
throcytee surrlvac* The Iynpfoetle follicles contained my deed will lympho-
cytes, tod = far large lyrghocytee constituted the only living free mila iIn
Um Iynphatic tissue. 1 few prarmlocyti also aUid degeneration.

At 5 hours a partial regeneration vy apparent In tha nddst of Ua con-
tinued destruction. Nilotic activity van again present la tha eyelocytee,
thou#i not iIn the erythroblaats. 1kiy henocytoblaete survived, and acre bad
fond .Yoa the retlculun, fivinj rlaa in lyelocytee. Practically all the
debris vac now contained la mcropheges of tha reticula*.

Proa 8 to U heure, tha narrow continued to be depleted of cells,- gran-
looytas continued to dogmata, and adlpoaa tissue was often present where
there bad bean granulocytee before. In tha sinuses, replacing erythrocytes,
there ware new core marophage* end a granular notarial, ;robebly glood Jia-
n. At 14 hour*, tha intrmvaacular naterlal had increased, and aom gela-

. tinoue narrow was found eztravaacularly. The lygpbatle tlaaue wea composed
principally of reticular cells, cone polytlaate, end nuch Intercellular cub-
stanoa. Debris from all types of cells bed been alroet entirely cleaned up.

Although gyelopoleeis and lynphopoleeia were greater at 24 hours than
earlier (Pleura 15b), tha gelatinous narrow bad also Increased, and tha
granulocytopoietic areas contained a zmaber of plaaaa calls. This ayelogyto-
poietio activity bed subsided ty 4B hours, at which tire erythropoietin wee
ruwmd and single layere of basophilic erythroblaats appeared. These ery-
throblaats, derived fron tha endotheliua of the venous sinuseo, ware leas la
evidence at 5 days, but once nore vary ouasrous at 4 days.

At 5 aft 9O days, the last stages studied, the serrow was aplastic and

gelatinous, containing groups of plasm cells and nacropbagee, but hmopolesim
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had virtually eund. Th# vat*™* tiuu#** oontala*' naefc pimm *ad only aa
oooaalonal otreulatlac pad blood ooll.

() UBU* Arur trootMBBt utth 1000 r Cftfur* 15*) tfco wurrov
la th* J w* d.ia’a wm *r« non aa**r*ly danacac, and vary "HU# Inna
polMI* mm **& at 1 daya* ,;.;;|hjrUarc;>ci#*u bod praetiaally anaiad at 2
hourt, and although tfcar* M*r* a f* baaophlH* atytferohlant* *t 24 boor*,
ther* vm ilnoit no irldetm of nltool* anonc Uw oiytbroUott* D># do-
eroaoa In gyamlogytopolMla mm wur* gradual* tot by 14 ham tin rwiping
nrolocytm wor* nalnly Uto forra and thw mm U til* aubaagoant nitaala.

At 1 and 2 hours, th* «rythrobi*it* nfjg* dood or doftotraiinf. Conoid-
nimbi* oallular dabrl* mm nraaant, particularly tatrava*oularly, but phafo-
c-tooli ni** alxaady in procraaa. tlJyalocytopoiMla, on th* eth*r hand, mm
MtIT*t though a f*v of th* *orly gmtaytm hid abooraol aaoloi or Mar*
othmrIM daatfid. th* alnuoM containad coooeyt** *nd « f*v plain* oalla,
and ther* mm a aark*d Inor**** in th* motor of ,,tm oalla outaid* th*
Im*M« Bo rito*M war* obatnrad,

At 4 hour* neat of t!* orythroblaat* v*rt? dead, few *y%locj\— war*
pr¥**ntf and th* fat in th* narrow Inma**d. A badly danafod lymphatic
nodule oontalnad only a f*v lywphooytae, Int«r*p*r**d incog aaqy phagocytlo
Mils* Dy 7 Ivoi— th* narroir mm further daplatad, and, la on* of th* Wo
a *cinana, oooawhat nimtinou*. TH* racy fan orythrob’Mta found at thin
intanral war* nanally dagewatad« Son* nav fat o*lla Mar* baglanlac to
davalop free ratleular call*.

At Xl to 16 hour* all asrythroUaat* Mar* dead, thoefb th* v**n*la atlU
oontalnad olreulatinr «rythrocytM. Thar* mm an IneraM* in th* nu*h*r of

ratleular call# and phacocytonine macrophage*, and in th* Mount of fatly
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=& fiikUwwi w w vmm MMarwis mm fsastsx.> **"a$aft U
hour*, tVt «t U tMNVS lit* fart Mr*Aw|[IMtMtE MM ff MM* IMitlidMt %»|
disirtefmt*. Hi MIkmi mms MMMNNI*|§

*W «MMM | TmM)E4AM*U'0# M 1 ft* MyDtfMHTrtl
i N, COPIPEIS/T NIRRT <Mn «*Aect*«* kg AL r«pr*~

MI ilfKit M OIfll tie lit* Iti*1. till* MM Mt

I *TMBt I* ths 48 to* selmlt, t&Wt Mnw**) i sprsadl** of >*** fit ssllis,
mM 1 *IrtXar kteit — fitter, jwlitIMM Mirw dajAitij if w—|iit>tli
c*Ue — MM fouw$ at Jd*l« At 4 4*1, however, Unwv* mm MMtbir aftUl,
abortive iMpsiMriUoft if rid blood ooili ifc a* of Um e.Miiisr*, MOM) «0*»
talas* la ft fav alauMi « surbar of p*Oytdux**W*phli Mythrobliiti,

(i) dfILX1 Adoes of 400 t &U*m* 16*5 t* 7 hour* hod brou”st
About itatars depletion of lymphocytes, MrslooyU*, end sepeoUlly esrly e*7 ~
throfcUsts, but rsoorsry vea rapid, «*d it 1J hour* the -orrov mm r*«U~
cally aotml. Thor* wa * alight aoooodaiy deplitio© of oelli it JO boors,
but th* oorrml pattern mu ooos mors rsitorsd by 40 hours, and varlatlone
it later intervals *tre *11#%*.

Ifcythroblasts end lymphocyte* **rs tbs first to Mum dame#, u early
as 1/2 hour after tm tei, At 4 hour# only soim 20 to 25 per oent of thm
0*H* rerained, and the f**XocQroo vsr* eloo beginning to oho* definite
elent of degeneration. At 7 hours ill tftres osll tipes sere at their lowest
point, but the rssenot of may dsvi hMMoytohlaeta suggested the beginning
of a rsgsasrotiTs proo— which was such dots narked at 13 houra.

At 20 hours, axythroblaota vers present In eoosvhat greater than nornal
ouabere, but both esythrobluste aad early ryelocyteo were perceptibly reduosd

la nurber by >0 hours, only to return one* nan to norm! at 48 hours.



Tliyr* 16. ttffMt of 400 r (*) art 100 r (B) or. I'm bam
marrow of )'-v**k cftUoks.
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fa) ISSLV a'os« f ICOr (Firore 16b), there vy Inlr*
iffttUr reduction of beaopoiesU which extended at late «e 12 day*» but th«

danat* MM alight aaXfiPit to that M M nr 4Dr. Mitotic activity hod
dtensaid miiedly at 1/2 boar, but **» nomU a”aln at 2 hours, k few dud
young etythroblest* and ryelocyta* were ureeect at irtenrcilc of 4 hours or
lacs, but the norrew uu not depleted. Tt.arr soared to Uf however, two
periods of do Ictioc, om frer, 13 to 77. hurt#, and a oocond and nore sever#
om at i to 12 day*. It should bo noted that cectlone of arrow free un-
treated animals veic occasionally olnost as fully depleted as thoes of tha
aost hastily imaged s-ecimjne, precumfc<* because heropoietic areas are un-
evenly distributed In tl»e marrow oaritj of the chick, and because the region
of narrow sampled at autopsy was not always uniform.

() 25r>6r>2rt lyigphocytee in tho narrow wore danaged after
25 r, but do effects of treatment ware observed at either of tha lower dosese

(f) li-veek ohlcfcat tho extensive damage to 12-vaek chioka after
800 r 17" was oornarable to that suffered by younger animals.
Erythropolesls particularly was affected, being: virtually absent from 3 to
16 boors, recovering von* slightly at 24 and 48 hours, disappearing again
at 9 days, and returning once rare at 12 days. Hyelopoieeia was considerably
reduced free 3 hours on, but was not eliminated until 9 days, and at tha
last stage observed, 12 days, it was beginning again, the cells of the lym-
phatic nodules also undemant degeneration.

3.2 Spleen; In norml 3-veek chickens, the white pulp of the apleen

Is not yet completely developed. There are very few active ecrtdnai oenters,

and tha principal mass of tho white pulp is cade up of the very prominent
aha.thed arterlM



Piffuro 17. iffoct of 800 r on U bono namw of an ll-wo«k

chicken.
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SHyt' S ko) 'IMK 4 4411 #QpeSy
4'1 iyrvht'yt*©, thatt#; *M ?*m~u*Aafljit* tawMut J
lor*tfr *hah .tfca **11 "ary w* mil* vavt tm*iV,i|p| firm tbs |
©ells od tb* nstittiluft, *»t nD»t of tbsas *c*2* or iM r pre*etr tumid ta
t*lis. lI'w w, tbs last stag* f9&&9) dU sacgsst « pcealHt «fc»
atAntia: riwwry, f
Hi~-ctic activity hid eaiad aid lywphocyta* wtw 4«*tit$-*1 ty 45 R&HIw,
and at ? hoars practically no wuU lysiitoaytee rereimd. frcr about 2 hours
to 9 furthereurst the entire cploaa wes snailer than tbs apleeo of con-
trol earals. Tbs aeall lymphocyte* d«(MN*ftt*d principally fay fyamfrte tlna,
sod tit lure* lyayhoogrUfi or b«arx$toblaate *y taouolaUoa of the cyioplam
and clunpdng of ths nuclear chronatln, A few very largo henocytahlaat* with
vwm>* nuelai ware ;newmt at 4$ nicuteo, increasing in rurber up to U hours
(Wwhen wry largo reticular calla with vacuonm® nscloi wars also round) but do*
croialnf a”ain bstweon 1 and 3 days*, when those* letter noc>l bscem “knotic
end the c-to*.lest* validated, Traa 5 hours on, and aspocl&U? at 9 days, mxy
be*Nytet&ft*t* and acre -ediu* lyvrjhocyte# tumsd Into plasm cells. Tbs *»-
tencive Intercellular substance earn at 3 days was loan In svidem at 9 days.
Beroeosy started before mximm destruction had occurred. Pheroaytjei*
oafcan at, 45 rdimtes, ty 2 hours practically all of tht debris was In ntoro-
phages, and at 5 hours there von relatively little direct evidenos of fomar
dosage, I'cot of tie recreates uer* inactive, mu# lyr*boeytes warn devel-
oping fror tbs reticular calls and sheath cello, and aitools of rediun and
large 1L r?jrhocytea a s reeupsd, though uften with laccin* cliraaosonss. Hr 9
days, a..though matrons plasm cells ware irescct, the centers of sons fol-

liolac .Tordalred naiy aorml rediuD-.iiied lymphocytes, x>soihly suggestlx*

s future recovery.
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0>) 1000 ri Treatment with 1000 r caused the spleen to be depleted
of cello and to be reduced in olse. Stall lymphocytes vere killed and re-
placed sporadically, principally by transitions from reticular and sheath
cells, or V* large lynphocyteo. Large lympliocyteo degenerated, but regained
their noznal appearance. The fluctuations Ir the numboro of a*11ls and extent
of debris suggested a wvo-HJ:0 pattern with degeneration up to 7 hours, re-
generation between 7 and 11 hours, and renewed degeneration thereafter.

Only snail lymphocyte© vere affected at 1 hour, but at 2 hours mediua-
siaed and large lymphocytes vere being tranafomod into plasma cells, and
healthy snail lymphocytes began to reappear at 7 hours, ru”en”zation of the
large lyrphocytes was apparent at 11 hours. The lymphocytes famed during
this period of recovery did not survive, however, and after 36 hours there
vere fcv snail or nedIxso-riaed lymphocytes in the spleen, by 3 days the
spleen has shrunk to leas than one-fourth its former size.

At 1& hours, 3 days, end, to a lesser extent, at intervals betveen, the
chromatin of the sheath cells had a clumped appearance oinilor to that seen
in reticular cells of the rabbit and nouse.

(c) Z00rt Four hours after a dose of 400 r, over three-fourths
of the wall lymphocytes and mny of the large and medium lymphocytes vere
dead or dying. Regeneration vas evident in one s”eolnen at 7 hours in the
form of numerous young large lymphocyteo, but there vere two periods of
secondary degeneration and regrevth before Hie organ returned to normal at 5
days. Except for ti e disappearance of plasma cells, vrhich had not reapi>ecred
ty 17 days, and a minor reduction in tlio number of sheath oelli, there vere
no other changes. The erythroblastc and early cyelocytes underwent a single

and somewhat elever proceeo of degeneration and subsequent regeneration.
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Destruction of the swill lymphocytes began at \J2 hour, whan mltotio
activity in all cell types vac reduced. At 2 hours, pflfbsps half the snail
lymphocytes were dead or damaged, and the medium lymphocytes followed at 4
hours. Koorwhilo thcro had been an overjjrcwth of henooytohlasto, however,
and at 7 hairs the total donate had been ao fully repaired that only the pre-
aence of considerable debris cave indication of the earlier destruction.

At 13 hours the snail lymphocytes were a(7'in reduced to ubaut half the <
normal number, but ty 30 hours recovery' had been so extensive that an over-
growth of sore 20 per cent was apparent. At 48 hours the damage was again
seen, ncm affecting the marUunMised”lyiophocytea end adult, gnmulocytes as
well. The continued partial depletion of the spleen at 3 dayu suggested that
recovery' was occurring this time at a slower rate than before At all subse-
guent intervals, however, the number of cello was normal or slightly above
normal.

(d) 100 n  Damage after dose* of 100 r was relatively slight, and
recovery was complete after 18 hours. At I/2 hour, but noro clo&rly at 2
hours, there was an increased number of deed lymphocytes in the white pulp,
principally in the active nodules and in the mrgins of the sheaths. Debris
was still in excess of normal at 4 hours and 7 hours but not at subsequent
intervals. At Intervals from 2 to 18 hours the nuclear chromatin was often

damped in the largo lymphocytes.

() 25 r, 6 r. 2n lymphocytes were again affected at 25 r* but

not at smaller doses.
(f) 11-week chick** The effects of 300 r on the 11-week animals
included the destruction of moat of the small lymphocytes, anu a rarked de-

crease In the size of the spleen. This decrease was apparent only at 4 days,
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however, whereas spleens of the 3-veoi: ohickono prey progressively snailer
fTOD 2 hours throng the last available Interval at 9 days* Tio presence of
nary nor* follicles in the older onirclc naltes a close oonperlion difficulty
but at 9 daya t?ie follicles of the 3-veok specimen were full of plosaa cella,
while thooe of the 11-week specimen were noroal. Both series are alike, how-
ever, in eliOvinc early destruction and then rapid repair of the snail lympho-
cytes, npprorimtoJy the sane anount of ertrarmdullary ryelopoitsie, and at

9 days, u tremendous increase of plssna cells*

At 1 hour, the snail lymphocytes amine the sheathed arteries and those
of the red pulp vert,nearly all dead, by 3 hours, those in the follicles vert
destroyed also, and maximal darege was apparent at 12 htxtrs, ly which tine
the heoocytoblasts were also shewing extensive degeneration*

The reparative process began with phagocytosis as early rji 1 hour after
treatnent, and included regeneration of tho diffuse lymphatic tiecuo of tbn
red pulp at 3 hours, when there wore transitional forrs free the reticulu.i
as veil as mitoses In the red pulp* At 12 and 16 hours, the edges of ths
toothed arteries showed especially numerous tranaforretionr. fouy of the
lynphocytoa of tho diffuse lymphatic tissue hod turned into pli.ma cells at
4 and 9 deg's, but these areas vere once nxre normal by 12 days. Beeonatitu*
tion of the follicles was somewhat slower, becoming evident at. 12 hours tut
not significant before 43 hoursj the follicles at 9 and 12 days were noMaal.

3*3 Themis| The thymus of young chickens dees not differ significantly
in structure from the amwallan thymus as described in Bloont*t paperfc), @»
cept for tho presence of cyo-eplthelial colls la the ae&illi tf the chickens.
The pattern of damage from radiation treatnent is outlined on the acccmpozylng

chart, where it Is apparent that doaes of GJGr reexited in the almost complete
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Aentructian of small lymphocytes and a noticeable reduction if the number

of largo lymphocytes, whereon 400 r produced much more moderate effect*.

The reaction uu almoet as severe in the Il-week chickens rr in the >week
chickens, Hit regeneration was r.ore rapid and nore persistent, Tho sennit
tivity of tho lymphocytes was similar in chickens and rabble, but here *hcre
was oone evidence of damage to epltiialtal cells on veAlj the process of re-
covery was roughly comparable to that observed in the rotbits, bat nore
sporadic.

(@) 800 ri Adoee of 800 r (Ilvon to the >weok chick resulted In
destruction of almost all the lymphocyte*, and of some of the iyo-opithalinl
cells. The median and large lymphocytes survived longer thou tie scull lyi>.
phocytee; tho reticular sells were apparently not affected. The cortex
became progressively more and noro depleted of lynphocytea, so that ty 4 dtyti
it was impossible to distinguish between cortex and medulla.

At 45 minutes, nary snail lymphocytes bad been destroyed xith in the
cortex and in the medulla. At 2 hours, the medulla contained mLy largo and
medina-eised lymphocytes, with plasm colls and transition forms appearing
by 5 hours, but many apparently healthy small lymphocytes vixt again present
at 14 hours. The cortical region at 14 hours was reduced, and showed maxy
active macrophages. Sore of tho epithelial cells were meanwhile also unde**-
going a change that was probably duo to Vestment ratlior than to the normal
formation of Hossal's bodies. At 2 and 3 deyo, the cytoplasm of these cells
was vacuolated, and their nuclear chromatin van often clumped,

At 4f 5# and 9 days there van considerable rogrowth of lymphocyte# in
both cortex and medulla, but regeneration was never more than n third of

normal. Whether the procceo of rocoveiy was uninterrupted or ueve”llke
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la difficult to determine. At 2 hours, there were rany rediun-eiaed lynpho-
cytea In the medulla; at 5 hours, very few; at U hours, retry; at 24 hours,
almost none; and at 3 days and thereafter they seensd to’renoin eonstout.
Tbs snail lymphocytes, however, appeared to be killed, removed, and replaced
only once throughout the series, perhaps because they were sore quickly of-

feeted by treatment.

It cannot be said fron these preparations whether or not sone of the
transitional foms derived fron epithelial oells.

(b) 10COrt The damage resulting to the thyaui froa 1000 r was
even more quickly felt than after $00 r, and the organ was almost oomletely
depleted of lymphocytes and inch reduced in else within 1 to 4 hours after
treatment. Regeneration was not evident by 4 deys, at uhLch tine the last
surviving animals died* /

Within an hour after receiving Xiaddition, all oxaall lymphocytes In
the medulla were dead, as wall os a moderate amber of those in the cortex.
The destruction and phagocytosis of snail lymphocytes continued until by 16
hours, the cortex and medulla were indistinguishable. Meanwhile noro large
lymphocytes were dying, or shoving dacage; mcdiua-elxed lymphocytes becis*
fewer in number, tbougi the survivors were not damaged*

At 24 hours the lymphocytes continued to die off rapidly, tut new lyny-
phocytes were possibly being trsnsforned from reticular coll#, which vase
abundant and prominent at this stags. The organ remained shrunken in alee
fron 24 to 4% hours. The specimens available at 3 and 4 days showed a con-
siderable, though irregular, regeneration of the lymphatic tissue.

(0) AQn Dangs after 400 r was much less stivers than after
800 r and regeneration was complete ty )0 home. Approximately two-thirds

of the sm 1l lymphocytes Itad diaapjjeored by 7 hours, and mny tf the large



and medium lyrph-xytee vert deed or Oying In both the cortex and the wdulle.
Tho re hcula arrt spitheliol cello vnrv not visibly altered,

Rxcver, van already unuer m»ay it 13 hX*S» and 5 hour3 later, the turn-
ber )f i*31j in the thywis a*oo more aiproackec the normal nurfcer. At 2 to
5 days, Tttruofc>t* fon*tier, rvormlly incons.-icucus in the medulla, wee
prcrdDJj i In thit ratten, faaept for a oUght reduction in the number of

oeljfl at i dnyo, and a Slitfit cvcrfT'vth at 12 days, tlure were no further

signilleant variations.

(d) XSLV Thoro vea noro than a ncrml amount of debris in the
ticyiwm et early intervals after a dexjo of ICOr, especially In one specljm
at 7 hoc*3, Wb important changes 'tore apparent after 11 hours. No damage
wee observed at domes lover than 100 r.

(e 11 veek fthihfatt Adose of 800 r caused almost as ouch damage
to these aniiels as to tho 3-vocli chicks, though the recovery hare was more
rapid. Small lynphocytoa vara again very nearly eliminated, and other ef-
fects ireluded early cessation of mitosis, the presence of honocytoblaste
with wvucus nuclei, death of epithelial calls, and ederm of the surrounding
and Interlobular ti3sue,

Tlie peal', of destruction of snal.1 lymphocytes appeared in the cortex at
8 hours, and in the Dedulla at 1 to 3 hairs* Phagocytosis and other repara-
tive prccesaoo vore prominent in the cortex after 12 hours, but began in the
nedv'la immediately and verc almost complete at 8 hours* Regeneration of
lynphocyies van apparent after 12 hours in tho medulla, and after 24 hours
in the cortex, tut by 2 days the vliolo thyme was nearly reconstituted*

Between 2 and 4 days there van a second degenerative period, but by 9

and IT. days tho ergon was again almost normal, suggesting orsse more the *»»

isto ke ;f wlLves of damage and repair.



3.4 1&US.1 tc the 11w included the typical reduction (fol-
lonel 1$ restoration) of lymphatic areas, and, at doeoe cf 800 r or more,
degenen Mon of ccne hepatic cclla, Supffer cells vore very active in dis-
posing of circulating debrio In ths sinuses. Hie definite evidcnco of death
one rae"merailor of epithelial cello is at verianoo with the observed ef-
fects of radiation upon th» liver cf rabbits, thaugh™ chances have been
recorded In rats anu nice with intermal emitters.

@ HU ft A dost of m r caused very early damage to lymgho-
cytet, sv™roewdat later, damage to liver ceils. Repair seamed to be ef-
foctui v thin 5 toys.

D«generation of free lymphocytes and of patches of lymphatic tissue
was particularly noticeable at 45 nlnates following irradiation. Healthy,
free lyr>hocytoe rtappeared at 5 hours, but tie lymphatic areas, which wore
replaced by lotlcular cells and pTnulccytcs, wore not distinguishable again
as Iyrorhatic patches until 4 days after treatment.

aur.1l areas of daraget! liver colls were increasingly ai>parent from 2
to 14 bcura, after vbich these areas were filled with macrophages, reticu-
lar cellt, and heterophils. There was active mitosis at 14 hours, and re-
pair sealed to be aloost camplete by 5 days. Toe 9-day specimen contained
areas of bacterial Invasion, with degeneration of the Iiver cells involved,
possibly suggesting that the radiation mdo the cells more susceptible to
dosage by bacteria,

() 1000 n The danaga after 1000 r was more striking, Mary
blood sells appeared In the rinuses, only to be quickly taken up by swollen
Kajffer cells, Ibe hepatic cells shoved only minimi changes|] swelling of

the nucl 11, and perhaps, at the earliest Intervals, a clumping of chromatin.
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One and 2 hours after treatreat, the olnuios of the liver contained a
greatly increased rambnr of blood cello, r»ny of the cello wore danagod, and
many were undergoing phagocytosis. Stollon or otherwise irregular macro-
phages, I*iphocytos, hanocytcblnste, heatlc cello, and Kupffer rails ware
also found, At 4 hours, areas of acute foetu nocrosio were discernible.

The active phagocytosis had decreased ooneviiat by 7 hourr, the damage was
being repaired, and nest of the colls lit the sinuses were normal erythrocytes.
At 11 hours, debris persisted in the larger vesselu, but had been completely
phagocytooed fren the Finoses. The Kupffer cells had contracted considerably
and were no longer swollen. From 16 to 36 houm for circulating blood cells
remained in the sinuses, and by 43 hours, the debris liod been oleared away
and theNfapffer cells were practically normal.

Htiteycphils were xnnsroua in tho sinuses at 3 and 4 days. At 4 days
there were many lymphoid cells in the large blood vessels, .he hepatic oells
seemed to be filled with glycogen, end focal necroses, which could not be
accounted for, appeared.

(c) A00rt The smaller dose brought about no destruction of liver
cells, but there \ms increased phagocytosis of debris by tho Rupffer cells
during tho first few hours after treatment. The occasional islands of blood-
tni lynph-farming tissue followed tho typical cycle of degeneration and re-
covery.

(d) 100 r» Occasional dead lymphocyte# wero present at 2 hours,
and there was a little dohrio in the Kupffer cells and in the sinuses in one
specimen at 18 hours and one at 30 hours. Hie hepatic cells wars not signifi-
cantly damaged.

(e) 11-week A dose of 800 r to these animals caused s

marked increase in the activity of tho Kupffer calls, and the usual rapid
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deatraction of lyrphatic tissue. The debris in tho Xuplfer fells was exten-
sive at 1 hour, but had loen largely disposed cf by ]?. hrjure, though nru”r
such cells continued to show debris as late »& 12 d*m.
Scattered degeneration of hepatio cells vas foiLid espeefally at 3 aw?
6 hours, and sore at 16 hours. llaiy necrotic areas, prchabl? not caused by
irradiation,.were resent in the >bc«r specimen and in the 16-hcur specimen,
3.5 Gla;ndular Stonach (Pruventrlciiliifl)i The glandular stomoh of tie
chicken has a central lunen uith the epithelium formed in vil'i. Opening
upon this central lumen are enaller lurdra with deep symcgtila glands. Di«.-
age to parietal cells T>>earod after G0t and 1000 r, and the glandular epi-
thelium va9 damaged by all doses of 400 r or moro. Hamoirhago in the villi
of theA central lumen occurred in tho 3 writ chicks that had r ceivod 800 r or

1000 r* Effects of troatoont "-ere usually nost sever3 within the first few
hours, and recovery, though often irregular, vaa generally corslet© within
several days*

(@) 800 The principal effects of 800 r on the ;s-veek chick
were heccrrth*£e in the lardna prujriaj the destruction o: eoi hcllal cells
in the (lands of the central lumen, especially at the base of the villij and
death and nuclear changé in the lymphatic tissue of the lamin', propria and in
the epithelium of the zymogenic glands*

The death or degeneration of epithelial cells at tho bottom of the villi
was corked as early os 45 ninutea after treatment, and continued Up to ap-.
proximotely 5 hours, when the nscroeia extended toward the tip of the rill*to.
At 14 hours, the interrupted mitotic activity was resumed, and mucus \mw

being secreted, although occasional epithelial cells contained Ifita&Bolftjr

vacuoles end others were deed*



A second degenerative period apparently occurrod between 45 ani 72
hours, during which tire miy epithelial cello were flattened, others had
vncuoler in the cytoplasm, and still others wero largo and vacajVas, The
4- and 5-day stages alloned progressive recovery, bo tlint by 9 cays the
epithelium was almost nomol.

Many lymphocytes iIn tie lymphatic tissue of tho lamina prepria were
destroyed at early intervals, *1th tlio damage appearing portloiUarly at 1
hours, though at no time was the reduction of lynrhatic tissue as extensive
as iIn tie spleen or bone marrow. large heraocytoblastf with’wniuoue nuclei
were present, resembling those scon in the rabbit, there was 'ore phago-
cytosis at 2 hours, but most of the debris uas not phagocytoS*! until about
5 hours. At 8 hours there vai an extensive hemorrhage in the lamina propria
and the villi were greatly extended, but at. 14 and 24 hours there Ifaa ao
evidence of extravasation. At 46 hours there was an oven pore severe hemcr-
rhage, extending throuefc lhe epithelium as well as the cor.nsciive .issue.
The henarrhage was greatly decreased by 4 “lays, and tiie lynphatic tissue,
having 3hown recovery at 14 and 24 hours, was now very actively fcelling
lymphocytes. By 5 end 9 days the lardna propria was normal except for a
slight increase in planra cells.

The zymogen cells showed no nito3lo at 45 .minutes, and MI& seeded to
have degenerated by 2 hours. A second degenerative period was apparently
readied at 48 hours, when more ~rogen Mills died, while others contained
vacuolated cytoplasm, swollen nuclei, discharged granilec, or baoopliilic
granules. Ekrfi was extensive In tho lanlna propria of the <“reogen or :«ri-

etal glands at this time, extending between tho mode layer:1al300 During
this degenerative oeriod, mitotic activity was increasing, ao that at 5 ani

9 days the zymogen cells were again normal,
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The epithelium of the lynogeu glando other than lyrogen cello showed
decooeroUv* clunges eliJUar to thooe found in the epithelium of the central
lumen.

(b) 1000 ri Tho o1*oo around the central lumen was *puin found to
be the. most sensitive portion of the stomach after a i:ose of 1000 r, Here
debris cf lymohoid colic accumlated in tho lari!* propriu am, some of the
epithelial cells at the base of the [lands degenerated, particularly at 2
hours. Debrio was somewhat less extensive at 4 hours, am! phagocytosis was
active at 7 hours, although cone specimens at intervals after 16 hours showed
considerable hemorrhage in the lamina propria.

At 1 and 2 hours the debris van extensive, and dead or damaged epithelial
cells appeared at the base of the elands as ala© alone the ducts. Repair ves
veil established by 4 hours and was progressive though irregular at subse-
quent intervals. In one specimen at 7 hours, however, the lynrihatic tissue
vas cod osed principally of stroma, and there were enormous hcnocytoblasts
undergoing degeneration beneath the stratified sguamous epithelium. Simi-
larly, in one anlral at 11 hours a great infiltration of eosinophils accom-
panied other signs of incomplete recovery,

A great deal of hemorrhage occured In the lanlna propria in one of the
. two specimen* at each Interval from 16 hours on. In these animals varying
amounts of the epithelium around the central lumen lied been destroyed, and
other epithelial cells were swollen and vacuolated. The other specimens at
these intervals were relatively homed, though some residue of damage usually
remained.

(c) 422)C* Except for the suppression of mitotic activity at 2

and 4 hours, and the appearance of an unusual number of vacuoles in the
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epitheliun, there vers no choree* in the storsich liter a dose of 400 r.
The parietal fiends were not damaged.

(@ 10C r> Jdo Irradiation effects were observed,

© Il-eiak ghlchm Generally the first effects of 200 r were
the sane iIn loth the older and yaurcer chickens. Them effect?) were partial
destruction of the lymphatic tissue™ early degeneration of the epithelium iIn
the totton of the villi, and the Interruption of mitosis. The heeerrhagas
described above, however, were not found iIn tie 11-wevk animals, nor wu™ de-
generation of eynogrn cells 9 severe.

Destruction of snail lymphocytes was comlete by 3 nours, ty which tins
phagocytosis was also ata mitt, and a definite reccnetltutlon of the fol-
licles was bsgun at 8 hours and cordieted at 48 hours, t striking character-
istic of the 12<iay stage via the number of syelocytea nature ™-anulocytee
at the periphery of nary follicles,s At earli-n* stages; 1j, in the epithe-
linn, there were cells with nucleil narphologicfcUy identical to snail lyapfao-
cytoc, having a few coarse, red cfeltdea in the cytoplasm.

Degeneration of the epithelial cells in the villi of the central lunen.
was apparent at 45 minutes, reached a rmodimm at 3 hours, uid was still proc-
Inent at 8, 12, and even 16 hours. ttitosft of epithelial cells could again
be seen ty 24 hours, and the whole 9pitheliun was normal at 4 days* Occe-

eionel dead aymo™en cells »jere seen at Intervals up to 48 hours but by 4
days the jOrmogen cells were again normal,

3.6 Intestinal I"?ﬁ:er doses of 400 r or no*«, the intestinal epithe-
Ilun shoved denars proportionate to the site of the tioeo, UThe effects were
oomarable to those found in the rat, and much greater than those in the

rabbit. Destruction was regularly most “ever* within the first few hours
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af*er 1rradiation, and recover* was rapid. .The umml pattem of darage
and repair.wo obuerved In the lymphatic tissueO

@ 600n In the >voek chiokens, the maximum damage was evi-
dent at the earliest interval, 45 minutes, when nearly all the lynplatie
tissue owl a few epithelial cello were destroyed. The lymphatic tissue
showed more regeneration than in either the spleen or Iymph node. Ihe de-
bris hud been cleared anay at 14 hours, ty macrophages <hich were present
at injury, and ty those fomed fram reticular cells during the reparative
processt#

At 45 minutes, the epithelial cells at the tips of the villi were
edematous, and many at the base of the villi were destroyed, with the cyto-
plasm vacuolated ard the nuclel darkened. The snail lynmphocytes of the
amier hve tissue were almost all destroyed also, while In the reticular
cells the nodal were more heavily outlined than usual, and contained chro-
matin in larger dumps. Plasma cells sal large and medlnm-eiaed lymphocytes
were not affected. In the loner part of the small intestine there was an
Increase In the number of £oblet cells.

At subseguent intervals, a gradual repair was brought about. Macro-
phages had already engulfed some of the lymphocytic and epithelial debris
at 2 haurs, and tr* sltianal forms from reticular cells and large lymphocytes
were present. In tie connective tissue at the base of the villi there was
an Infiltration of aosinophils which continued through the 5-hour stage. By
8 haurs, the very small nurber of lymphocytes was the only remaining abnor-
mality In the epitheliun, but at 14 hours lymphocytes“end many transitional
ferms were rgain seem. The debris had been cleared anay, the macrophages
were empty, and the only remaining trace of damage vis in the large aaser
of (blet cells. After 72 hours, these tooware normal. At 4 and 5 <o

experimental and control animals were ixklistinguishaeblee
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(1) WEE £* A tlose of 1000 r canoed destruction that increased
through tie iiwt A hours, before repair vas evident* The donate to tle duo-
denum vos greatest at the base of the crypts of Lieberkfthn. [1"auy of the epi-
thelial cellr. degenerated, os veil as large aggregates of leucocyte*; from the
Irmina propria* Tin cecurt also contained dctric at the hose of the crypts,
but in snaller quantity.

The darage vas avicent ir *hc duodenm 1 hour after treatoortj debar!™ at
the boae of the exypta, swollen epithelial cells, and dead eosinophilic leu-
cocytes, At 2 and 4 hours, this damage u&s progressively intensified as
nitoala ceased and ameboic plasra colls and degererutijig heterophils appeared.
At 7 and 11 hours, the debris was being removed, and at 16 hours tht epi-
theliun vas normal, with only a few degenerating hetero-hila imbedded in it.
At 1-4 days, tha recovered epithelium shoved a fairly active nitoaio, and the
lamina propria contained plasma cells and other cello which op erred to be
intamediate fpirs between Iwnocytotlasts and plasma cells.

(© 400 ri Alter 400 r the damage to the opitholiun vas severe
at 2 hours, but progressively less severe et subsequent intervala up to IB
hours} iIncreasing nunbers of mitotic figures at 30 and /£ hours iIndicated
that regrovth vas taking dace.

(@ 100 ri Ho damage vas observed at this dose.

®© IL-week chinkat A dose of 800 r vas less destructive to these
animals than to the younger chicks, but the sane kinds of damage were founds
the epithelium at tha base of the villi was destroyed, mitosis vas inibited,
end some of the small Iymphocytes died. The root severe damage vas a parent

at 1 hour. At 3 hours the debris vas being phagocytosed and mitosis resured.
The reparative processes steadily increased until the normal condition of

the Intestine vas restored at 2 days after irradiation.
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All the 3nall and mediUMisad Iynubocytes within nodulss wire des-
troyed, while those at the villi tips and within the villi reinined undam-
aged, The replacement of lymphocytes was complete by 16 hours. Plasma
cells, chrcno ctllo, lymphocytes containing Ribsell*= bodies, and cells
beyond the bejob of the villi were not affected.

3.7 The famation of nephron3 is still In progess in the 3-
week chick, end the new tubules and developing gloreruli, characterised by
hyperchronatic nuclei and numerous mitotic figures, can be seen at the periph*

ery of the lobules. Radiation caused cell destruction in those areas, and
in the eprtheliun of the uretoirs and renal pelvis, In the 3-veek chicks, but
not in the 11-week chicks.

@ TIOri Adose of 800 r resulted iIn the destruction of mug
tubular and gloocerular cells in the netanophrogenlc zone of the 3-week chick,
beginning at 4$ minutes after irradiation and reaching a maximum at 8 hours.
A large percentage cf the cel™s composing new comvoluted tubules and glameruls
\ei-e damaged, containing heavy dark granules or resembling empty spheres sur-
rounded by dark Mnbreneo. Tho organ appeared normal 14 hours after irradia—
tion.

Following Irradiation the epithelium of the ureter and of tho renal
pelvis woe found damaged at 2 and 5 hours, but was repaired after several
dayuj sections ware not available for the intervals iIn between. lymphocytes
found In the kidney were destroyed at 45 minutes, and began to reappear ty
5 hours.

() 1000 ri Tho radian damage »cooad to be reached 2 days after
a dose cf 10C0 r, and though regeneration was well under way hr 11 hours,
ccnplete reocyvry had not been effected by tie last available Interval, 4

days. At 36 hours and ciguinut 3 am 4 days, quo© tubules ware roemuhat
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injured; the luren held coagulated material, sone of the cellc were markedly
vacuolated, end the nuclei stained deeply* The coagulated material was even
nare extensile In the luren at 3 and 4 days.

© AQr: Similar bit milder changes wero observed after 400 r.
Ho nephrogenic tissue showed a sligit, depletion of colls chirlng the first 8
hours, and returmed to normal by 2 days. The blood-end lymh-foming ele-
ments foiloned the customary >attera tf damage and regeneration.

(d 100 ti Ho offsets of Irradiation were observed.

e I1ry<n Injury to the kidney in the older animals
was confined to the Iynphocytes, with greatest damage apparent at 1 hour.
Complete repair was evident by 8 hours after irradiation.

3.8 Adr«n«l« Chromaffin cells occur throughout the adrenals of the
chicken, and ore cot confined to the central part as is the case In the i1d-
reaals of most tibblo. Similarly, the cells analogous to the (iJorticaI cells
of the fmaillsu adrenal are not restricted to the outside. In the chicken
tha terms “‘cortical™ and "nedullaxy* ore thus descriptive of cell types,
rather than cf location. The adrenal vos dsnaged In the 3-week animal, but
not iIn the order animal,,

(@1 800 tt In the 3-veck chicks a dose of 800 r caused a prolonged
degeneration of chramaffin cells, and an apparent lata change in the *‘corti-
cal'” cells. The chromaffin colls were reduced in nunber, contained damaged
nuclei, and bowed a smaller axafoxr of chraome granules within individual
cells. These changes, greatest iIn the region of the capsule, were evident
as early as l1hours, were well sustained during the first day, and were nut
fully removed until 9 *sys. The "“cortical” cells, at 3, 5, and 9 days,

usually contained very prcoiicnt nucleoli.



(b) 1000 rt Awuinilar but much less severe and less prolonged
damage to chromaffin cells occurred after 1000 r Irradiation* The number
of cells and the amount of drone in individual colls varied greatly, but
not in any consistent fashion,

(c) AIDrt One specimen at 2 hours contained a small area of
dcxzaged and deed chromaffin calls, as veil as very occasional dead chromaf-
fin cells elsewhere in the section.

(d) 11-veek chickst Ho denage was observed*

3*? Paicreaai Coses of 800 r caused dotage to aoinor cells, and In
tJie younger hick, to the epithelium of the duct. The lymphatic tissue was
affected at lover doses also* The organ shoved full recovery several days
after irradiation*

(@) 800ri The principal effect of 800 r upon the pancreas of
the 3-veek ciiick was upon the acinar cells, which were often found vacuolated
or dead, particularly after 3 days* The epithelium of the duct contained
dad epithelial nuclei at 1, 2, and 3 days, when dead enfayonlc duct cells
ware also aeon* The usual degenerative changes were seen in the lycgphatlc
tissue*

(b) IDOrt There was no affect after 400 r except for the typical
pattern of demage anu regeneration to the Islands of blood- and lymph-
forming tissue*

(c. ILmeeli chicks; Acinar cells were damaged, frees 3 to 24
hours following Irradiation, ty which time whole acini were destroyed* The
usual lymphatic changej were uppercut. The pancreas vas again normal by 4
days, althoufh one specimen, at 12 dsys, ahevad on area of degeneration*

3.10 Atari! Tho heart, like other arcana in tho chicken, io the site

oi extramedullary ryelopolesin and aloe coutains areej cS lynphocytopoieais.



v -, L - - y

- 52 -

Both these functions were inhibited by irradiation,

@ 800 r» In the 3-veek chicks at 45 minutes after 800 r X
irradiation, hemopoiesis waa reduced, and lyrgjhocytes, hetnrophil leucocytes,
ryelo-ytos, and developing exytlirocytes were being destroyed, The damage was
narked at 8 hours, with debris filling the macrophages, but the heart waa nor-
mal after 3 or 4 days* No degeneration was seen in the muscle of the heart*

G 1000 n A number of the specimens from 11 hours to 4 days after
oxoosure to 1000 r allored edema in tho pericardium; a few dead cardiac cells
were found at 16 and 24 hours following Irradiation.

(© 400 r: 100 n  With doses of 400 r or I1CO r only the occasional
areas of.blood- and lymph-foming tissue were affected. In the ventricle of
one specimen, 13 hours after 100 r, there was a very large Inflaanatoiy area
extending to tho pericardium; in this area most of the muscle cells had dis-
appeared, and considerable irregularity was observed among the other cells.
The inflammation was probably not caused by irradiation™

@ Il-weak chink*! tfyelopoiesls and lymphopoiesis were affected
in the usual pattem, but further damage was seen.

3.11 Hervoua Svatent Some of the neurilemma cells of the somatic nerves
7ere destroyed ty all doses from 100 r to 1000 r, and particularly by the
larger doses. Some were destroyed also in the viecoral nervous eyMo®, but
no autonomic ganglion cells were destroyed. The damage was moat prominent
from 8 to 30 hours after troatment, but was observed as late as 5 days. Neu-
rones iIn the central nervous system were not examined, but those In the peri-
pheral system were not visibly affected,

@ 800 n Degeneration aid death of the Schwann cells in the
ganglia and peri heral nerves, und especially in the nerves adjacent to ths

adrenal, had occurred In the 3-veek click 45 minutes after treatment with

o - H H /
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800 r. This condition reached a raudiam at 14 honra and decreased there-
after through 5 days. The detrio was not seen to be phagocytosed, and ite
disappearance could not be accounted far,

(b) 1000 Tt The dead sheath cells and eatellite cells were pre:*

ent in vaxying numbers at all intervals from 1 to 48 hours following irra-
diation, bit at 3 and 4 days little debris renoinoC.

o (0) 4AQBLA-1QRXL ~ orjQ.Il percentage of the sheaih cellb was dam-
aged at internals from 2 to 3C hours.

(d) 11-veek hnirfcet Aouch less extensive destruction of Schwann
cells wes fould in the older animals, principally at the Intervals between
6 .and 16 bouri. The ganglion cello were not affected.

3*12 Iffigi scattered areas of lymphatic tissue in the lung were
regularly dsmged, but further effects of radiation were limited to a sugga lo-
tion of epithelial damage in the younger chicks which received high doses.

(@ 800rt In the 3week chick a dose of 600 r Xradiation causal,
in addition to the destructlor. of lymphatic cells, an increase in the activity
of goblet cells through 14 hours. lymphocytes were destroyed within 2 hours)
phagocytosis continued from 2 to 14 hours, with the identity of the phagocytes
difficult to determine. Dead cells, probably lymphocytes but possibly epithe-
lial cells, wrre found also arcong the respiratory epithelial cells of the
bronchioles. Edema appeared among the control as well as the experimental
unlatilB.

Co) 1QQQ.fi Dead calls were numerous in the vessole during the
first day after treatment with 1000 r.. At 2 and 4 hours there were a few

swollen epithelial nuclei in the air duets.

(c) 400rt There was no change at 400 r except in the occasloml

la. ards of blood- and lymoh-fcrming tinnue.



(@ 100 n In one spooimen,. at 1/2 hour and one at 4 hours, there
were a few dead lymphocytes and many plasma calls in the lymph nodules of ihe

lung.

(© 11-week chicks« Only the usual darage to lymphatic tissue ms
suffered by the older animals.

3.13 Tostiai Primitive gem cells vero dest royed by all doses of 150 r
or more, in numbers varying with the also of the dose receive!. The U-veek
chick was more resistant to treatment, and showed less damage after 600 r than
the 3-w*ek animal (uhi i even normally had developed only a few primitive gran
cells) showed after 100 r irradiation. The euctentacrilar and interstitial
coils were not injured in any of these series.

Ov) 800 pi Primitive germ cello were virtually eliminated in "h*
younger chicks after a dose of 600 r. The danago was apparent at 45 minutes,
after “hich time there was beginning repair, ending in the replacement of
much of the (land by connective tissue at 9 days.

At the earliest intervals there was degeneration of rany cells of alii
types — geminal epithelial, Sertoli, and interstitial — accompanied by
active phagocytosis. The partial regeneration took place at 5 throu# 8
hours, as mitosis increased and a good deal of the debris ".ns being cleared
up, But at 14 hour8, mitosis was again diminished,, and more degenerate forme
were present.

no specimens were available In this series between 14 hours and 5 days,
by which tire the tubules contained no germinal cells, the tubules thee
selves were small, and iInterstitial tissue was abundant. At 9 days, port of
the organ resembled the 5-day stage, and >art had been replaced by connective
tissue - Fibreblasts, a few lymphocytes, and macrophages. The central portion

of the testla seared to bo more severely affected than was the peri heral pert.
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() 1000 n H c primitive germ cel Is vtre destroyed within the
first 2 da/a, ard there wila Nno subsequent mitosis. The tutoiles grjidually
contracted to t columnar epithelium around a central lunm, while oh* con-
nective tissue, including the Interstitial colls, relatively tiers
prominent,

At 1 and 2 hours, nany of the printtivo corn cells shoved a rar"scd de-
generation, and rdtools had ceased, BIymphocytes and coeinophils were alec
being destroyed. Dy 7 and 11 hours, still fever primitive germ cells re-
mained, and the amount of tissue in the tubules vus decidedly reduced. The
16-hour specimens were hemorrhagic and otherwise badly damaged, but so va*
one of the control testes in this series, though to a somewhat lesser degreej
the condition of theno animals thus cannot bo attributed entirely to the
treatment. At subsequent untcrvalo the testis was composed mainly of con-
nective tissue. The tubules ware decreased in size, and the supporting cells,
instead of forming cords, bacons a tolunncr epithelium around a central luann.
By 48 hours, nearly all the primitive cells had been destroyed, and no nev
ones wars "apparently” formed, as neither mitotic figures nor resting forms of
primitive cells were present at 4 days* In general, the supporting cells ap-
peared to be undamaged. With the great decrease Ir. the also of the tutales,
the interstitial cells node up an increasingly large proportion of the entire -
organ.

(0) Z0O r> Tiie upematogonla disappeared almost completely during
the first few hours with a dose ot 400 r, and cld not reappear until 6 or 10
days after treatment. All mitotic activity had ceased and most of the prim-

itive ger.i cells were dead at 2 hours. The Xsw cells fonned at 8 and 12 days
ware smaller than those In the untreated speclrens. At 17 days they were
present in approximately ncrmal numbers, but they were still not normal In

site, duetentaculor cells and interstitial cells were not affected.



(d) 11-vcek chicks: By contrast with the almost complete deetrue-
tion oj primitive gem cells In the 3-week chicksi after SPC r, there uas
little effect on tho testis of the Il-wool: animals after this dose. The
death of spcrmatogenle cello was increosod from 3 to 16 hours, but the only
evidence of damage thereafter was a reduced spermatogenesis in sore speci-
mens.

3-14 Donei Dosoc of 800 r or 1000 r caused severer,so of the cartilage
from spongy bone, and within the extent )f the experiment, effectively
stopped the growth of bone. Tlie bones rocovored rapidly from the moderate
damage following 4CO r, and showed no effects after 100 r.

(@) 800 n Increasing oigns of damage to the bone after a close of
800 r were climaxed at 9 days by a complete ceasetion of bone growth. IYne
14 to 48 hours, there was a progressive loss of osteoblasts and a slight in-
crease of osteoclasts around most of the metaphyseal spicules, as well as in
the provisional tone of calcification. At 4 days, however, osteoblastic ac-
tivity was resumed throughout the metaphyois, probably, as in the marrow,
repirenting attempted regeneration. But even at 4 days severance of sponglosa
from the epiphyseal cartilage was beginning, and at 5 and 9 days this serrounce
was more extensive, osteoblasts ware abeant, and bone growth had stopped.

00 1000 rt The darege caused by 1000 r was similar to that caused
ty 800 r, and the beginning of repair was even leas clearly indicated, The
disappearance of osteoblusts, as veil as the spread of osteoclasts around the
spongy bone, develop steadily from 1 to 16 hours, wher<as the normal osteo-
clastic activity in the sone of eroding cartilage decrease, especially at 16
hours. There were occasional dead osteocytee, and a number of empty lacunae
were seen from 7 hours to 4 days after irradiation. By 4 days the o&rtilage

and sponglosa had been extensively severed, some of the spongy bone also had

been resorbed, end the bone had stopped crowing,
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The only observed attempt at regeneration, fcrond in one specimen at 24
hours, ws marked by mitoses of spindle or mesenchymal cells in the note-
physic, transitions from these cells to osteoblasts, and the presence of
osteoblasts around sore of tie metaphyseal spicules. Even in this animal,
however, osteoclasts were still numerous at the end of the shaft.

(c) ADQrt Adose of 40C r wnc sufficient to cause a progressive
reduction of osteoblasts fTor around the metaphyseal spicuT.es of bone, ,from
2 to 16 hours, but insufficient to cause severance or cessation of bone
growth. At 30 hours and thereafter there was again active osteoblastic aid
osteoclastic activity.

(d) 100 n  No effects were observed.

(t) 11-veek chicksi Ho sections of long bone were available.

4. Correlation of Stpflflfg

Within -he first week after exposure, the essential pattern of the mas-
sive effects of Irradiation upon tho peripheral blood was found to be the
some for 23- and 37-day-old chicks with doses cf 600 i and 800 r, respec-
tively, These findings can be grouped together for correlation with the
findings for the hemopoietic organs in 3-*eek chickens receiving 800 r. All
of the anirels treated witiJ 600 r succumbed or were sacrificed within 11
days. Thereafter hetntological data are available only for the specimens
treated with 600 r. Four animals survived for 28 days after receiving 6CC
r, but no histological material is available for cnlanls tmated with this
dose. However, certain general correlations nay be node between this serlse
and the 400 r series which was followed histologically.

4.1 Hemoglobin and red blood calls* The hemoglobin and red blood cell
counts rose significantly during the first 10 hours following irradiation*

This rise could not be explained by mobilisation cf young erythrocytes from
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the rrov, airce the reticulocytfj count dropped at the pane tine. It valid
8*en, rether, to be due tc a change In blood volume aid a resultant concexv-
trotion of cells. Bntveen 24 ana 48 hours after exposure, the hemoglobin
I>r7el u-*i rod blood cell counts dropped to tlie pre--exposure level, which also
aa,"g(ate a readjustment in blood volmm since it was nontil to 48 hour®.

4*2  Arilni.>fl go™oaed to 80Q rt In these oniaaln there was a steady fall
ir the fch™*)flobln and erythrocyte values to a level moderately belcv namal
tofore death on the 9th dey, and anorda, per so, was not sufficiently severe
tc to a cause of death. The essential factor in the devclopnent of the pro-
g.'es?l7e anemia in these animalolay in the (toage custodned ty the bone
vrev, (ivd whi'ii war. reflected by the drop in t.ie *otlculocytea>in the perlph-

w | bleed, after a slfTnifieant rise at 24 hours, the reticulocyte ccunt
also dropped during the second day, and renalnod at the sane level to the
fcjr'h day, showing only a slight rise before death on the seventh day. It
se; ™ Inferred that young red cells were ixldliaed front the narrow at 24
hcur3, hit that the delivery of young forms vao insufficient and not long
er.eesustained to paintaln a normal number of red cells in the blood. Since
tile histologies] findings in the narrow shoved extensive destruction of my-
thrcblar'e cs narly as 1 hour after treatment, with only transient waves of
VtgeftSrtrion during thu first 8 hours and again between 2-5 days, the reason
for be failure of the continued delivery of young erythrocytes to the blood
Is ajparent. Blood loan evidenced by hemorrhage into the lamina propria of
Uc utonsoh of minsla closed to &X) r wus pr*b&bly a feotor in the ansnia,
although- this finding was not observed after 400 r and ocumot be relied upon
ai a 3l,p?ficrmt feature causing the foil in tbs rod blood call and hemoglobin
court of the Clicks ejxpesed to 60<; r. The rsaoval of d&mged circulating cay-

t n-otytaj ly ptaggdeytes was wiigg™ated by Ibs finding of ~ngorgansnt of the

%\ I wsmli ¢ [jg®fs *
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Inpffer nuclear colie of the liver by debris; however, since this debris con-
sisted of nasses of the various Mood cello it was not possibl e to estimate
the importance of this factor especially since there was no histological evi-
dence that the circulating leucocytes were liamed.

4.3 JBMMII trft j|8 T* I® these chickens the recovery frem *dfr»
ala followed rapidly upon the regeneration of the erythroid elements of the
bone narrow and spleen.

Arise in the red blood cell count occurred between the 14th and 22th
day, and tills was preceded by a rapid rise in Hie reticulocyte count between
the 2th and 14th day. It is noteworthy that the reticulocyte rise did not
occur until after the Ctt day, and that erytkroblcsts in the narrow shoved
recovery 18 hours after Xirradiation and appeared to be ncmal 24 hours
after the exposure* to 400 r.

4*4 Leucocytes« In the chicks exposed to 860 r the totul leucocyte
count dropped 50 per cent within the first hour, rose to 50,000 almost twice'
the pre-expo lure level at 10 hours, then fell again, reaching 5,000 at 48
hours, and a low point of 2,000 at the tine of death on the seventh day.
thfr initial drop during the first hour after expocure was due to the preei

Ken* fall in the number of ly phocytes, at which time there was no parallel
drop in the number of granulocytes,. Throutfiout the first day, the granulo-
cytes ware undamped in the peripheral blood and continued to increase in
number, due to the mobilisation of nature granulocytes fton the hemopoietic
centers into the blood, but their numbers fell thereafter throughout the re-
maining seven days of life. At the tire of death no granulecytea were present
in the bloodt This drop in the granulocyte count was not explained ly destruc-
tion of the granulocytes in the blood* vdiioh allowed no degenerative changes,

but wes due to the destruction of nyelocyteo and their procureore in the
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nantv, which tahowed extrene 1anage as faarly as 5 hours. Granulopoiesis
ceased after 4% hours crd failed to rocover. Thow/$i tho henscytoblssts
ouryived longer than the syeloeytes, a few syelcytes were forred at 8 and
24 hours 1In chicks exposed to 6C0 r.

The early effects were sirllar to those produced by 000 r, while the
late effects were those of recovery. During the First four daya, the curve
of tho total leucocyte octant shonved tho sane Initial drop and ruhanquent
rice above tho pre-expesure level at 10 hours as after 800 ?. Tils -as fol-
loned by a progressive fall until the fourth day; then after the eighth day,
the curve rose to roach a k&el of approximately 50 per cant of nerval by
the 28th day. Tho granulocyte curve mirrored that of the total leucocyte
count, dropping to the lonest level at 8 days, then rising to 30 par cent of
normal at 28 days. She lymphocyte curve wan identical after 600 and 800 r
on3y duriig te- first 24 hours, chewing recovery at 48 hourj. Later thsre
was a precipitous fall within the first 3 hours, and a nore gradual drop to
the lonest level at 24 hours, orter which there van a slight rise at 48 hours,
fairly veil sustained tt 4 diys, and a significant rise at 8 days, with a con-
tinued rise tt a pro-exposure level at 28 days*

Since lixctologics! studies were net available for a series of chickene
exposed tc a calm level oi 600 r but only for those of 400 and 800 rf a direct
correlation between *he blood and histological findings after 600 r iIs not
possible. However, i interpolation of the histological changes observed
after the higher and lover doses may permit tho following deductions to ex-
plain the blood cell changes.

The early drop iIn the total leucocyte (all white blood eells count re-
flects the destruction of lymphocytes In the circulating blood ami In the

lymphatic nodules throu™out the hemopoietic system, lymphocytes were des-
troyed in tho blood as well as in the lymphatic tissues and narron. Pegenera—
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ting foras in the blood were found in large numbers (luring thr first hour*
after exposure and in lesser numbers for the first 2 <&ys, The rise in the
total leucocytes at 10 hours was due to the mobilization of rcnture injur*’
granulocytes into the blood. The subsequent fall in the total leucocytes
vas due to the failure of the narrow to supply young (Tonulocytes, and tc
the similar failure of the lymphatic tissue to supply lymhooyte*, The ft1l
vas a direct reflection of the damage sustained by these ort?ruis, The rise in
the total leucocytes after the 3th day won due primarily to the recovery of
the lymphatic structure iiich occurred as early a* 2 da;* after exposure »
400 r. Tith.n 30 hours after this dore the spleen and thyme which had b*an
mrkedly reduced in size and Viewed extreme destination of L10 lymplioayt*j,
wore seen to here increased in size and regon-jratioii of lynpaocytte In th*
nodules had "x>gun; regeneration was complete at 5 days. It nuy be emphasised
that small I;rrphocyt*a were more susceptible to damage tlinn large lynphoc;/*e
althoutfi destruetiosi of both occurred* Regeneration was shown ty the appear-
ance of large lyr|ihocytco in the germinal centers of the nodules. In ths
chicks receiving 600 r, tho slight rise in the blood lyraphc*, tea at 2 dayo
indicates that a sinllur early recovery occurred at this dose level as we |
although the blood lymphocyte level would not indicate foil recovery of lym-
phopoiesis until the O0th to tho 14th day.

Recover: of (Tanulocytopoieois began at 48 hours in tho chicks expose. 1
to 400 r, but is not reflected in the blood of chickens e*K»otd to 600 r un-
til the 14th day. Again without direct evidence by study of sections of the
orcam of th< 600 r chlclie, it requires interpolation regortiig the obaon**-
tions of the regenerative jatcera of granulopoiesis to explc™r tl» delay In
the rise of the eramlcxyte count in the blood,

Orarulotytopoiesic was practically absent in the bore- nrarow within 14

hoars after nt'ipoenre to GO r, end did not recover during t* 9*day period
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of observation. After 400 r, depletion of early granulocytes was ricst severe

within 7 bourn after exposure and wirvea of regenerative effort had occurred
at 13 and 18 hours. However, regener.ition was not sustained until after 48

honors. Estimates of the proportion of wirly and late granulocytes in the
narrow indicated that the early form were slightly increased above normal
until the Cth day.

It lo reasonable to assure that recovery of granulocytopoiesis after
600 r would follow the sane pattern as after 400 r and it 13 consistent with
findings in other species oxpesed to near lethal doBee, to suy that although
the qualitative pattern of recovery in the hemtopcletic organs was the 3are
as after lower dose levels, the quantitative restoration was delayed. Sincem
the quantitative estimates of granulopoiesis in the narrow indicate that

young granulocytes predominated until the Cth day after /00 r, It is possible

tint full restoration of the marrow did not occur until considerably later

after 600 r. However, It is significant that there appears to be a delay In

the delivery of young cells to the bloxl for a long tine after tho marrow
shows substantial recovery, in contrast to the more rapid reflection of re-
covery of the lymphatic tissues by a rise in the blood lynphccyte count,
Whether this delay presents a normal relationship between blood and marrow
activity is cot revealed by this study; whether there is a disturbance in the
mechanism, fox release of cells fro/, the marrow, and whether there ie a del-y
in tie maturation of young forms will require mere detailed study,

4,5 Thrcehoavtasi Hce thrombocyte count began to df/op within 3 hours

after exposure, and continued to fall, totalling less than 10CO at the time

of death. This curve parallels the drop in the granulocyte count «d msy
refleet the destructive changes in the marrow, although ary attempt to

correlate the findings relative to blood and marro*? thrombocytes is defeated



ly the trs\t difficulty in dU3tir,gtun)ilag bot™n eryU iool>tf>t« 1%« u>8ixiu»-

Grating tlironbooytes In mmw roclinns, nm between throetjooytes <uu dumped

erythroblasta in tlocd sneers*

5* Ulflciualon

These series of Xray studies hove denoostratecl the r>sluo of tho chicken
as a biological test object for radiation effectse The separation o' exyt'iro-
cyte anc p'onuiotyte formation In the bone morrow, together vith tfce .rcs*nce
of lymph nodulej, rade potsiblft conelusivn dyvnstratior. of tbs great *us~
ceptibllity of erythrcblrste to Xradiation* nnd tn evaluation in the seam
tissue of the relative sensitivity of erythrcblasio, syclocytce, aid lympho-
cytes, Moreover, the tine sequnnot of danage and repair in the th'oo prin-
cipal cell lines could be individually followed not only because of tli*
special separation but also because of tl.e relative rapidity of hetopoiefchi
and lymphopoietic proceesso in the chicken, The iatervaln of sacrifice were
sufficiently closely upocad go Uiat the <3mnatic sequence of changes occtxxrirvg
within a fetw honors could bo followed. Tho der'onotratlon of these relative
sensitivities in ohickonn confirm the Bbllar pattern found in rprm IjA*
where the nixture of these cell in the rarrev rendered their iccalifica~
tion much more difficult, and obocured the origin of unidentifiable cebrio.

At doses in the nodian Istliol ranee (400 - 800 r) both erythroolaGts and
lymphocytes were badly damped* In the bene morrow, particularly, there wes
perhaps more severe danago to erylhroblasta than to oral! lynnliocyts* - Thin
nay indicate a Genuinely' groater susceptibility of this cell type under these
conditions. (n the other hand* us the dose decreased, a point was reached
(100 r) where possibly nare snoll lymphocytes thon exytkroblasti were leu-
treyed, and at still lower doses, lymphocytes, but not erythrohlsst* wri
hit”~)4 From these result* the conclusion that Brail lymphocytes tie in

some sense more susceptible than erythroblaets cannot be denied.



The capacity to recover tnd reproduce afain niirt also bo considered in
e comprehensive account of relative sensitivity of cell typos. Frythroblafite
recovered more rapidly than lymphocytes at doses of 400 r or last, althou”i
recovery was completed in both* At 800 r or norc, on the otlu*r ham, neither
eiythrcoytopeieais not gr nulocytopoieaia woo pemmently restored ithin
the Units of the experiment, whereas the return of lynphocytopoieaio, al-
though slight in the bone narrow, was considerable and sustained In the sp.een
and thynua. These differences nay refleet in part differing sensitivity <f
the imediate precursors of those two coll lines, nxt probably not to a veiy
great extent, for both lines have a comon origin in tanocytoblasts and undif-
ferentiated reticular cells.

The rapidity of donate and repair, probably greater in chickens (and oar-
tainly in young chickens) than In mranals, correlates to sore extent with the
meager lethal data available. tilth high doses at least, the chickens were
rnich hgre likely to die within the first day. Only one of twelve chickens
survived the first few hours after 1200 r, for example, vfaeroes only a snail
percentage of the raexmala exposed to 2 radiation die oo early,

“awe of beginning regeneration and ouboeejuont aecondaty degeneration
were more clearly noted in th.j chickens than in any other species studied,
again possibly bogauso of the rapidity' of such processes in birds, or per-
ha > because the sacrifice series was store complete. In the testis, for
example, after the primary degeneration, a period of nitotic activity sag-
geoting recovery wes followed in turn by renewed degeneration. Similarly,
sporadic attempts at regeneration of both rod cells and grmmlooytee in the
morrow, the loroation of blood cells had ceased at 9 days* Had these waves

been spread out over longer periods they might have been wore difficult to

follow without sacrificing mny more animals.
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The young chickens differed from the narmle similarly steedied in their
reaction to X ray iIn the darage apparent In the chicken kidney, adrenal, ling,
and nervous tissue, Uhen the proatar resistance cf the older chickens is
considered, however, nest of these differences appeared to be due to the
relative maturity of the animlc, and not to differences In species (ramo.ii
studied were all older than the young chicks). In gereral, there iIs a very
close parallel between animals and chiczoe® In the cell types damaged, the
degree of darage, the relative aonultivitieo, and the serenec and source
of repair, Cne exception iIn the death of nurerous neurilemma sheath calls In
"he 11-week es well as the 3-veek diickano. Careful study cf several nut-
mlim series$0 has revealed no comparable damge. The general similarity
between the effects produced in birds and marmnlc in all other aspects sug-
rests that this nay be a case of our 1nability to detect microscopically iIn
the issad Is a change that very likely has occurrede

Certain interesting observationa, more or less incidental to the de*
eription of diangea occurring after X irradiation, should be emphasised.

The potencies of several cell types was veil illustrated in tare aoudant,
transfomatiens of endothelial cells to erytiirdblacts in the bone narrow,
reminiscent cf siallar transformtions in the enbryonic yolk cac, and In the
transformation of sheath cells of the splenic white pulp Into lymphocytes.
The presenos of large amounts of debris (primarily of esythioblasts) in the
vessels, adremal, and liver, and In the liver phfrocytes, probably does no*
represent damage to circulating o»vU* Uit rather reflects the Intravascular
location of the badly damaged erythrocytopciotic activity. This impression
la strengthened by the virtual absence of such debris In nmnls, where the
formation of erytiirocytea is precumbly extravasculor. Or one might say,
the absence of debrie of wythroblasts iIn the vessels and liver phagocytes
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of mammals nay be considered evidence for the extravaoeular origin of erythro-
cytes ir mammals.
6. Suapry

Three-week old chickens were X radiated with doses ranging from 2 r to
1200 r  Another group comprised of ll-w«ek-old birds was given 600 r. Snail
groups of 3-week-old and 5-week-old chickens were studied for changes in
the peripheral blood after treatment with 600 r am 800 r# respectively. The
ssvere damage suffered by the younger chleks was progressive until death after
exposure to 800 r or wore# but full recovery was effected with all lower doses*
The following affects were observed in the 3-week-old chickens# and exoept
where stated otherwise# the effects on the 11-week chickens were similar but

less severe« 1

1. The median lethal dose of 200 kv Xrays for 3-week chickens appeared
to lie «xtween 400 r and 800 r .

2. Aslight modification of Ryes* method for enumeration of fowl blood
wan applied successfully to chickens. Values for leucocytes in controls worm
always several tines the corresponding mammalian values.

3. The hemoglobin and erythrocyte values were significantly depressed
after 600 r and 800 r; the anemia was moderate but progressive until the tinea
of death 8 days after exposure to 800 r. Recovery was rapid after 600 r and
was proceeded by a reticulocytoeis. Reduction of erythroblasts In the bone
BLrrot wss the essential factor in the production of aneaia.

The granulocyte count Rhowed an early fall# followed by a precipitous
fall within 4 days after axposoro to 60C and 800 r. Recovery was only moderate
4 weeks after 600 r and was delayed after the me-row appeared normal.

5. The lymphocyte count dropped Immediately and sharply after 600 and
80Q r# and approximated the normal level only 4 weeks after 600 r# later than

recovery of the lymphatic tissue seemec apparent.
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6. ThromboojrteB and lymphocytes in the perirheral blood fell
precipitously after 800 r and 600 r# recovering only moderately 4 w'eks after
600 r.

7. Morphologic changes in circulating oellsi as seen in dry, smears#
included e*rly clumping of nuclear chromatin# nyknosis# and karyorhei()i's in
lymchocytes# ©rythroblasts# and thrombocytes. The a\erage maturity of
granulocytes rose in the oeriod from 3 to 24 hours after treatmentr but
thereafter decreased rapidly so that at 4 days only a few early forms were
present.

8. Doses of 800 r or 1000 r caused severance of cartilage from sporgy *
bene# and within the extent of the experiment effectively stopped the growth
of bone. The bones recovered rapidly from the moderate damage following 400
r# and showed no effects after exposure to 100 r.

9. The bone marrow was damaged at all doses from 25 r to 1000 r# the
effects varying in magnitude with the slae of the dose# but being otherwise
slsilar in all treated animals. The marrow wee reduced to fat cells# gelatinous
ground substance# and reticulum 9 days after 800 r. Recovery was rapii and
cosplete 2 days after moderate damage with 400 r.

10. Following 800 r and 1000 r the spleen was greatly reduced in size
by the complete and rapid lose of virtually all lymphocytes. Beginning re-
generation was not yet substantially successful at $ daye. *fter 400 r#
depletion was nearly as great# but recovery# first by transitions and later
by mitosis# was complete at 5 days. Damage to small lymphocytes occurred at
doses as low aa 25 r but not at 6.

11. Doses of 800 r to the thymus resulted in the almost complete destruc-
tion of email lymphocytes and a noticeable reduction in the numbor of large
lymphocytes» whereas 400 r produced much more moderate effects. Recovery

was only moderate 9 days after 800 r but was complete 2 days after udOr.



Small lymphocytes were damaged at 400 r but not at lower doses.

12. The liver showed striking phagocytosis of circulating debrie after

400 r or sore* Focal areas of degenerating liver cells after 8CO r and 1000 r*

with and without obvious bacterial invasion# suggested lowered resistance but

no directly obaervable damage to liver cells*

13. The storAoh showed moderate damage to epithelial oellc# and sporadic

hemorrhage in the lamina propria in the first few hours after 400 r or'more,
liocovery was complete in a week even with 1000 r.

14. After pH doses of 400 r or more* the intestinal epittolium Showed

damage proportionate to the size of the dose. The effects were comtvirable to

those found in thn rot* and much greater than in the rabbit# as '-sportful

elsewhere. Destruction was regularly moat severe within tto tint few hours#

and recovery was rapid. The pattern of damage nnd ropcir obeervod ir. the
lymphatic tissue resembled ttot In the spleen.

15. v number of epithelial cells in the metanephrogenic areas of the

kidney# and in the ureter and renal pelvis* were destroyed in thrt 3-week

chickens at doses ”~roo 400 r and upwards*

16. There was mild damage to chromaffin and cortical cells in the
3-»eek chickens after exposure of EJOr or more.

17. K few acinar cells of the pancreas were destroyed in the 3-week

chickens at 800 r and 1000 rO

18. In the immature testis of 3-week chicks# primitive genu oeils vers

destroyed by all ’oses of 100 r or more* in numbers varying with the dose.
Ifcmage to the relatively mature 11-week tostia after 800 r resembled that in
the 100 r 3-week chicksa but nearly complete 17 days after 400 r. tfo damage

was seeh.at 25 r or lower doses.

19. Some of the neurilemma cells of the somatic and visceral nerves in



both 3-week and 11-weok chickens wore destroyed at doses from 100 r to
1000 r. Damage was greater with higher cose* and greater in the 3-w'ek
. chicks than In the ll-w*»ek chickens. Neurones were not -affected*

20. fflth the one exception of damage to neurilemma cells in th*
chickens* differences in reaction to X irradiation in ohiokena and manurala of
comparable maturity are insignificant.
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