A0 &

EXPERI MEWTAL STUIIE ON THE LATE EFFECTS OF NULLEAR DETCQRATION

Jacob Fupth, ¥.D.j Arthwt C. Upton, M.D.3 Xemneth W, Chrigtenberry, M.D.;
Walter B, Benedict, ¥.D.; and Jack Moslman, Ph.D.

3
CLASSIFICATION CANSELLED
8Y AUTHORITY OF DOE/oC TOPI & L

Uose Diasy il el
il bov Ar-Sheaoser 4 13181
EVRNEZR Sy

CgUF3

Pron the Biology Division, Oak Ridge lational Laboratory, Osk Ridge, Tennessee

BEST COPY AVAILABLE

“Thin * - fagey Selovms the
:Eﬁc' A o g Wwithin the.

caning ¢ “te 1u, *78.C.,
géts 3 T iGveadt! OB
o which ':.“ o < rCOR

2 !
S



s
g

A large population of mﬁiul]y uniforn mice, 6+12 weeks of age, was
eposed to atamic detomation, and after recording the mortality rates during
the first few weeks after exposire, the animals were transported to Osk Ridge
for study of the delayed effects of irradiation. Rediations frem atomic
detomation were composed predmminantly of high energy gamma rays, with a
mn component of fast and a still maller flux of slow neutrons, the
gammm to neutron ratio inereasing with the distance from ground serc.
Small susbers of mice were irrsdiated beneath lead shields, mo as to receive
predominantly nsutron radiation.
Swvival patterns, shown in Table 1, indicate tﬁt the m’;(,/:#o daye
vas aprroximately 755 r, with 1ittle difference betwessn males and famales.
At one year postirradiation the LDgg had dropped to 733 r for males and
716 r for fermles. Significant shartening of the life span resulted from
doses well beneath the threshold for acute lethality. This reduction of
longevity, appreciably greter in females, resulted from degenerative and
neoplastic diseases induced or exaggerated by irradiation, as will be disclosed,
The first of the delayed effects noted was ocataract, which appeared during
the third month postirradiation. Within 50 days after sxposure virtually all
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irradiated mice had opacities detectable with the slitelamp. The mate of
progression of the cpacities varied directly with the dose (Chart 1). Lens
damage was noro severe for 2 given dose of neutrons than for cémparable doses
of ge-ma raysj thus, in cataract induction approximately 100 rep of neutrons
corresponded to about 650 r of gamma rays (RBE = 4.5).

Systenatiec mtudies of the eye disclosed d.rlunrkahlc ahange of the iris
econsioting of prorrsssive lcss of iris tiasue,'aa illustrated in Fig. 1. This
process appears to be an abioatropny apparatly hereditary in tuis stfuin, as
mild atrophy of the iris occurred iln aging nonirradisted centrels; like
cataract, however, the degree of atroply was significantly greater following
irradiation, in proportion 4o the dous,

Greying of the fur was noted as early as 3 montha' postirradiation,
progressing with time as a m@um of tiw dose {Chart 2). It varied with
different ammtomical reglons tut in certain areas was cutf&ciantly'aell
ecorrelated with the dose to constituta a simple, though only spproxinate,

biclogical dosimeter,
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The incidence of thynmic ly-phom m. greatly elevated by irradiation,
in proportion to the doss (Chart 3). The thresheld for thymic Lynphoma
induction appears to be in the neighborhood of 500 r. The esrliest cases
vere nanifest in the fourth month, and the peak inaidence securred from 7 to
12 montts sfter sxposure. Oontrary to cxpm with most ntrum of wics,
tbgnfic _lm!;ouo Ware more coamen in males thn in females,

In contrast to thynic lymphold bumers, mﬁ forms of hukui;g,"*ﬁiplnding
lymphomas, reticulue cell sarcames, and rerely myeloid leuksmias, occurred
relatively late in life, These were lecz nmumerous in the irradianted uico than
in the controls, but this may be attributsble to differences in lmm;
alone (Chart tn These will be illustrated and Sheir relative frequency given.

Tumora of a variety of types lnn_boeamomtdod. Ovarian necplamis
were common «t all dose levels and very rare among controls (Ch;'f. S)ﬂ,M
might be anticipated from esrlier studies. Histologiocally they include
luteomas, granulosa cell twmors, tubular adencmms of germinal epitheliom,
cystadenomas, hemangiomas, and mixtures of these types. Their lower incidence

at high dose levels is related to redused longevity, as their latent period

i3 relatively long (12-15 montha),
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An unanticipated finding was tn. relatively high incidence of pituitery
tumers in irradiated mice. Thess were mcare common in fumlas (Tab;e 2), and
thelr frequency was roughly proportionel to the dess with the excention of
doses above the LD lhey appeared lste in m-, the peak incidence
ocourring 20-25 months' postirradiation. an t.m far studled mve been
ezrmmu. Eperimental studies indicate that most o thm matc
ACTH) a :m,' hovw;m', dave given evidence of Mm.

| Another unexpected and intaresting necplam obssrved :ln the irradiated
mice i3 adencma of the Harcerian, or postericr lacrymsl, glend, This growth
occurred nare commonly at low dose levels {Table 3}, probably becsuse of its
long hﬁ;nc period (15-17 monthﬁ). It is a locally invasive neoplasa, often
oblitmﬁng' the orbit, surrounding skull, and adjscent soft tissue (Mig. 2).
Thus far no such tumors have been coserved in the controls.

e frequency of memmary gland tumors was increased by irradiation
(Chart 6}, The necplamms ocowring earliest were predominsntly adencams and
ndemWs, thon developing late in life sarcomas. &Aom earlicr

investigations a corrzlation between these neoplasms and tumors of the ovary
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night be antioipated. A table correlating age, sex, and ovarian and bresst
tunor imidenco wlll be given.

Wz of the lung, liver, adr-aml, kidney, #tc., have bean coserved with

the - ,

regularity, bntAinddenm of these neoplasms Mas not yst been analysed.

Fatal glmenhr degenaration of the kim coowrred n'lqmnﬁiy ‘it dose
levels above 500 r (Chart 7). The lesion is fiitm-t-a. in the ua;s of
mrphelogj.ct"‘cvidm (Fig. 3), as a dumu;mot the glmoﬂluf 'am.
somswhat resesbling diabetic glomerulosclerceis. It culminetes m
neplirosclerosis and rensl Mailure, often with ‘generslised miolclerauc
changes, ZThs pathogenesis of this sbnormality -resains to ba dmomt;iaﬁcd;
lmrovar, its relation to irradiation is indicated eonclumively. I.nfg- doses
of radiation hnﬁ been reported to induce similar changes in tle kicheys; of
man agnd other animals,

Degenerative changes in the adremal gland w;s'o frequent among the

irradiated aninslsy they will be discussed in relation to pituitary tmmors.



TABLE 1. MCRTALITY OF MICE EXPOSED TO ATONIC DETONATION

Dose  No. Per Cent Mortality
(r) exposed Hale Femais =
and 30 days 1 yr. 30 mos. Ndays Lyr. 30 mos.
f12-932 880 n s 10 S B 1)
T59-185 440 a w9 © om0
T3 WO % M Mo ®» W w0
h91-556: Wi 5 16 8BS 2 BT I
367-42k th . . e . . ’ »
267-18 Lo 3 8 & 3 n 92
192 220 3 8 . & 3 1 82
0 620 0 5 6 3 3 e

!'hou ﬁguru sre incomplote dus to losa of mice dnring transportation from
field laboratories.
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TABLE 2. INCIDENCE OF PITUITARY TUMCRS IN MICE RXPOSED TC ATOMIC DETONATI O

Dose
(r)

Pemale

go.

Male

swviving at 25 months

oS ~ 0.
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»Theso flgures are incomplete due to loss of animis in transit from field
laboratories. _
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TABLE 3. HARDERIAN OLAND TUMCRS IN MICE EXPOSED
70 ATOMIC DETORATION

Dose farderian Jland Tumces at 30 Montle

(r) Postirradiation
“Female = Nale
Wa. T ~¥o. 4
812932 0 o o0 0
95 © 0 0 )
mes 2z a2k 2.6
L 6Me7 5 26 2 0.9
891-556 3 _-{1.!3' 5 2L
gl ot O 'y aT
287-18 5 2.8 Y Ly
192 3 28 2 2.9
0 0 o o0 0

sThese figures are incomplcte dus to loss of arinsls
in iransit from field laborataries.
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Chart 1. Inci'ence of lenticular opacities in
mice cxmosed to atoric detoration,
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Average Degree of Depigmentetion of Fur

Chart 2. Depigmentation of fur of mice
exnosed to atoniic ietonation.
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Chart 2. Incicence of thymic _ymphoma in
mice exposed bo atoric detonation.
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Chart 4.
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Chert 5. Incidence of ovarian tumors in mice 4

exposed to atomic detonation,
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Chart 6. Incidence of marmary gland tumors in
mice exvosed to atomic detonation,
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Incidence of glamerular degeneration in

nice exposed to atomic detonation,,

Chart 7.
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