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Low-Dose X-Radiation and Congenital Anomalies

Yoshiro KAMEYAMA¥*

ABSTRACT Among radiation effects on developing embryos and fetuses,
occurrence of germinal mutation due to exposure of the gonads and postnatal
manifestation of neoplasms are considered to be stochastic effects from the
aspect of radiation protection. On the other hand, somatic effects such as
teratogenic and embryo-toxic effects can be regarded as nonstochastic ones
with threshold doses.

In experimental teratological studies with mice and rats, the lowest radia-
tion doses for manifestation of the non-stochastic somatic effects which have
been recognized so far are:5 rad for resorption of preimplantation embryos;
5-10 rad for acute cytological changes such as pyknosis, cytoplasmic degen-
eration and mitotic delay; 5 rad for increasing frequency of spontaneous
minor anomalies of the skeleton; 15-20 rad for malformations of the eye,
brain and spinal cord; 20-25 rad for histogenetic and functional disorders
of the central nervous system; and 20-25 rad for impaired fertility.

Pregnant women who are subject to X-ray examinations are much con-
cerned about potential hazard of radiation to their offspring in utero. The
above experimental findings suggest that the possibility of non-stochastic so-
matic effects of diagnostic radiation on human embryos and fetuses is ex-
tremely low, and probably negligible, given the proper dose control measures.
Possible effects which should be considered for risk evaluation of diagnostic
exposure are two stochastic effects, carcinogenic and mutagenic.
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1. EHERSRORTZEDNE

ARSI # DYLH 0> & SRR, MECREORE

9 5 JEMERMEE non-stochastic effects &,
DN ETEE L THRIBON T B HER B & stochas-
tic effects 13 51 3 (ICRP, 1977). AT HEDE
BDH L, BRFEMICRET 5 FE & AT EREREIR T X
BB E P HRPE L $ 5 g, BEFETIR
R TH B0, FEUNOGIRNEE R T NT [FEMHER
B L UTI 0D ELREYENIED S I3RHNH 5
5. UL, ThE TOEREE TR, FEAEE, &
Y, EEFRTIEE, FBROBRERED N TIITE RIER
EWRINTODEC»AD S, HHEOEER T3 e
BB ETAONEYSEELB.

MARTEE T, ARFE, TENET, 25%E
BIED 3 D DREMFEAERTE 2 ERBEMWNCI T &
Mo, 2h o ORECHE - KIGBHR B2 50rad
Plledias L8, 2hTofE%E K| &
L oban ki, EiE25~50rad L~V T AHLH
FASE SR - RCBR2 b o T HEL C &0
b, 26rad L NUVETF % [EARE ] & $ 35 MICED D
DbhB.

25rad L~V OEMFERE CHEREBNICED N TS
BEEE, 1. ERETHEOHNC & 2 BEHABAZFDIET, 1
I 2. BRBE~SEERBIHORRC X 5 Tk
5ERFELET 2 FTE & BRB/DRE ORBHEE D L5,
3. BWEEMIBHIB X D FAFRE 2 ~THLEFE 0 E
WA OBRIC & - TR T 2 BEHREZ O N AT

Table 1

%R

HERDIRG, 4. 08B W~F A OB EIT X 5 i
HIRER & AETHER R OBRER RIS 6D, 4. DER
DR EIL3. OMZIAF R OBREBORKE & A B D08
FHETH 505, BEME 2/ SREBRENE S 2T
LOVBEZNIYD, GO TEDHTFEN T 5. L
T, 2o OBEESRICOWTHE « FUGBIER & Bk
BEDNE,

2. BHpFOET

FHRBTHAD = 7 2 a2 12 HEE & & INE s & i
AR E £, BOLAIRIEIAAE0.5H B L 150
DHEIR T 5 ~25rad DOEICHRE - KISBEHRBA LN T
% (Rugh and Grupp, 1959 ; Ohzu and Makino,
1964). > & 9 2 ZHEI0 & IREIIN DFE 1 i Bl — DR HE
B, 8% 56 (RBEOBHBICL b EAREINS.

FHRBUHOWIRE T, B 2 2R NIIAZED 2 D%
DFEAE, HEZIERICEA, BEHRIC L 2 88EBEDR
FWELUTAEN L INZ L LR VEALINTHY
5. LU, BRI 2IFEBEH YLk ER & 7 DR
FRRIZILIBRIN TRV, SROBEE B E
D—D2Th 5.

3. BRARLEOHN, MNEEOHEELR

Table 1 {CORT & 51T, EHRFIHIR & OB BT
D 25rad DIT OREIC & 2 HEFTE & BRR/INEE D
BB ERBBEIN T A (Table1). Dy b, 2
B D R AORIIT & BN & ARSI
* FUGBEGR, FEAERRE - RICBIRD W 4 BT
2, EIERIBIOMEC & 5 BIRRNER, T
i (Fig. 1), /MRICIZ—GHRE - RGBEESRED 5T
5. Jacobsen(1965, 1968)i21FIE 7 Hod HC < v =
I 5~100rad OFMEDXHE2EH L THREFDOEHRR
BEORE - KIGBEGRZ L 6~, BREOHEHEFH 13 5

Increased incidence of spontaneous malformations and minor

anomalies by prenatal X-irradiation of less than 25rad

Lowest dose

Gestation day
Animals

Abnormalities Reference

(rad) of exposure
Mouse 15-20 0.5, 1.5 Exencephaly Rugh and Grupp, 1959
5 0.5 Incomplete polydactyly Ohzu, 1965
5 7 Minor anomalies of the Jacobsen, 1968
skeleton
25 7 Spinal cord anomaly Kameyama, 1959
25 7.5, 8.5 Minor anomalies of Russell. 1957
vertebrae and ribs
Rat 25 9 Microphthalmia Wilson et al., 1953
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Fig.1 Incidence of spinal cord anomaly and intrauterine death

in mouse embryos following X-radiation on the 8th day
of gestation, (Kameyama, 1959)

rad THARTH-TLEHEL TS, TORBOFR
B ETEFEE OB THA AR INT 0 5 0 28
(Brent, 1977), [EK#EFED—DL U TERTNET
HA5.
EROFTERNEE L, ARZOHYE, RFICER
RETIEZRFEBBEREE AZ3NTNE5DT, K
SHREICR 5 SO RERTIC & - CHRBENTEE LF
DB EVHONTVS, 215 OERRERIIRIK
KXo TRELELD, BURKETIARIDES DX
VBHBEREH AT, ZWENRE genetic liability (2 fE{x
CTERBSTWBEEATIL., LM T, BEEOR
BEE 2 LR 8 5 BEREOREIHD TH LWL,
Srad B NE COEBRBRBORERR L L5 T 5.

4. FRFATERRORSHRIEMG & ETERAERE

¥ U, Jv hAFOIEIE, BE14~15HOIIE
Mg oogonia DHFRDHENIEFLIIAL, FAEFHD
DRRAAlE oocyte DEEIHBIEADREREA pachytene
phase > 5 #4E8 diplotene phase DEHID 2 DD EL
ZiApsdH B (Beaumont, 1961). T4 5 DD 20rad
L AVORIRIC X - TINRHEE o £ (Peters and
Borum, 1961), JIRME DE/L (Beaumont, 1961),
HHOETEREIDET (Peters and Levy, 1964) 258
FoNTWS., BRIFEERL LY BERBRZENDH D,
FREERIE T » b D50rad BT & 2 REHROER R, IR
HWIaoEMED» A 55 (Starkie, 1961 ; Brent, 1960 ;
Murphree and Pace, 1960).

ATEBARN OB MR ML HETRL D, v I AT
B FAFRCERZE2RT. v 2AEORERZ
S F A F OB ORB S ORI synchro-
ny WKXAEAZINSG. bRV TIIINEHEOR
MOBIERBEDIZ®, B2 5 vy AL H5NIIHR
OBEHREZEIR N DEAT I,

D& AR & A AETEREICR RS ZEESH D
BAEITHANA, £ bADY 2T EFHIITE I HITE L
OEYEIC OO TOHIEHFEENBETH A I .

5. PIRMRERORLERE

HRERBRIROKNMLE OGRS E2 T C &
i, BUERRRIC X ARERNFESE b, BHOLTh /N
FTHAIEELLAHELLTH S, MMOBEICL 5
EFEAEBIA & D B TOMEL & IRE L, TR
FHOBOESMMEARARSEERERE X b BFRT IS
ANTHERBCES S TCHEET 2100, #iltick > T
BE % 57 s EREBBE.

INETT v, 9 2BEHFD20~50rad #FiEic L 5
WFAERR & LT, MRMBoREREE REBERE
(Hicks and D’ Amato, 1963 ; Kameyama and Ho-
shino, 1968), E D& (Brizzee and Brannon,
1972) L EOHEVH D, PREMFEEICI ST v FTE)
BEL LT, BHEOET (Werboff et al., 1962), 2K
B BEE )DL T (Kaplan, 1962), HREMETLAAD
1#hn (Cooke et al., 1964) 7 EBHWESNTLS. U
» L, BRERENEEIEENTH Y, THRE HELRME
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DIEFUL VTN ERED Y = 2 3 IEE) &
BAE,

DD T ZRENEE 5 v NN~ D IR B
BRERMCESZBRAELT, A. JAFKOFS L
MREMEORZEE, B, EHOKMEEDRKEHE
RIEREEINCEIL ., DT 2 0BE ML 5.

A RN Rz

a. HRMEGORE « KIMINEEE CIEF A 21T

9 RICHHREARIE D ISR M 13 Al e P - T 25 B
Us ¥ 9 2 CRECEFRERRAIORAEIZH M IA410H
B L OISHIT L B~ HEDSE <, 26rad BEIRIC & o T
HEOKIEROHEE L5232 5 h iz (Kameyama et
al,, 1978; Hayashi and Kameyama, 1979). 5413
BRIAHIZ DN T, HEREE MERAKZS T S b1
COULBEHERLL~NIzEC A, 2rad AT 10
rad THHE FH %2 & 54 % C & BRI (FhS ,1978).
7 v b IFIC X2 IS U C/NMA IR P D R s
DR UbNIz& A, 3~25rad OFENIGEGIT
ERRYET, 6rad THIBRSER E5 054 5 s (Inouye
and Kameyama, 1982) (Fig.2).
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Fig.2 Incidence of pyknotic cells in the external
granular layer of cerebellum of 10-day-old
rat following exposure to low doses of X-
radiation ranging from 3 to 25 rad. (Inouye
and Kameyama, 1982)

b, HMRREEOES : v v 2 BFKIMMEEDE S
{EHAERIE OB 1 % 2535 & OF 100rad BEERAF iDL
TULNRIZET B, NS AR IAEISERREDLE
B HAAL0, ISHBMFIC BN o & b B L 12
C DFEEBFED 10~150rad FHURIC D\ T4 ELE TR
ERREE DR EAIIEC A, HBSESE GBS S
M, HEWREE Srad & 1orad ORICH 3 ¢ & HiHEE
T &7 (Kameyama et al., 1978) (Fig.3). Kusama
and Yoshizawa (1975) 1~ v 2 A{FHFMIED 5 2L4E
HBOET %2 6 126 THEBRMEHE 5rad & 1orad ©
HiZh 3 EHELTNS,

LB, R RS T RIEREIE < ¥ 2 AFEARKD
KRG T 10rad, 5 v b FF/ANKO A8
it 6 rad HIEEDOREDE SN T3 (Table 2),

B. HA®RODKNEEDOHRE

413, 15, 17HIZ 10~100rad PRI LTI~ 7 RIT
20T, ARIZBOAMOER, REOES, FEME
B, BUHSEANMIEORBIRIRO N B 2 5= e U, 25
~100rad HE L T2~ 9 21T\ Tk AR 6 BRI ERE
FRE (WREBICINEE matrix T 3H-thymidine
IO AL 1RO BN DRTE L 4575) gk &
UT e & ik s X OBIRGE & OBE2 L
5z,

a. NE, FHOESX, MEMEE : <~ 2HHE
HAHTRCE DR & ik Ha4 13 H 50rad R X » THEI
W<, 25 rad TRECEDES, MEEYE, MNERoOWL
Thd B»H SN H» -7 (Kameyama et al.,
1974 ; Hayashi et al., 1979, 1981).
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Fig.3 Mitotie, delay of matrix cells in the telen-
cephalon of day-13 mouse embryos by expo-
sure to various doses of X-radiation ranging
from 10 to 150 rad. (Kameyama et al.,
1978)
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Table 2 Developmental abnormalities of the brain by prenatal
X-irradiation of less than 25 rad

Lowest dose
(rad)

Gestation day

Animals Abnormalities Reference

of exposure

A. Acute pathological changes

Mouse 10 13 Mitotic delay of matrix Kameyama and
cells in the cerebrum Hoshino, 1978
10-25 13 Increase of pyknotic cells Hayashi and
and cytoplasmic inclusions Kameyama, 1979
in the cerebrum
Rat 6 10 days Increase of pyknotic cells Inouye and

after birth in the external granular

layer of cerebellum

Kameyama, 1982

B. Long-term pathological abnormalities of the cerebral cortex

Mouse 25 13, 15 Disorders of cortical Hoshino
architecture et al.,, 1981
10~-25 13, 15 Growth retardation of Hayashi
dendrites of the pyramidal et al, 1981
cells in layer V
Rat 25 13 Reduced thickness of Brizzee and
cerebral cortex Brannon, 1972
10 16-22 Growth retardation of Hicks and

cortical neurons

D’Amato, 1963

b. FEME : SH-thymidne (23& { B I NM
Faid, MRAELSHAR TIdBEIicd 5B 6 BTHIS
CATEL (B8 6 BT IBICNBEY Ti348%, 25rad 69%,
100rad 72%), BAE1SAHR TR { 5 NEHED
I OEBIE AL (B2 -3 B kAEr36%, 25rad
489, 100rad 64%), 25rad BEE T3 DTEEFEIZHEDS
Th-12(BF 5, 1979 ; Hoshino et al., 1980, 1981).

C. sERMmiRRZER « 88 5 BHEAMIED branch-
ing index (KERDEH Bk b EEHIKED ik
E13H ¥ X 0 15H d25rad #HHRIC & » THEDE T4
b, BasE13H10rad R THETHEAZ > 0P S5C &
DSHISE7z (Hayashi et al., 1979, 1981).

ERO & 5T, PAAEIRXARER DS B AR B I B D

THEBOREFET, REMEBOARRE 25rad & 50rad
O, HEMERY 25rad Ak, HEAEMEORIRZER
DOH¥EEE 10rad & 25rad OEiIcHbH, BERELD
TORIRBE T FIHORIIZ L & ki~ v 2 jB413H
(e PRI DR HE 7~ 8BITHY) Tho1z (Table
2).

6. IFIRIFADXRRE L R

IFROEH X BRE DB BG83, XK
B, T8, ERARC X - THREL 525, AFTOR
i g, FREPE TR 1rad DR, BRSO ER
Sl & HiEERESsZNZh 1.8rad, 1.0~1.3rad &

WEINTWA (EEDH, 1976). HIEDII R, T v
b DEBRRE TRIBFHIEI & 2 IERERIEE ORI
Bi 5rad LRV EALINS (Table3).  Lizdss
T, WU EERO L & THRO XBRENTLN,
R sE % 1rad LRV TRBIATELRY,
ZH XA X - CTARNZIRREE L I C 5 IR
WD TN EATEDDALL.
EREBREBEOY X7 & UTHEE 3N 5DIEFHRE
EBERMBO - >ORELENER T, HERNP#EE
B&TIIRRBIBIC I 2RBOY X2 % 1rem %40 2.3
/10,000, BEMNEEBOY 22 % 1rem 2491.0/10,000
OHeEMZH LT3 (ICRP, 1977). b OFIEIE

Table 3 The lowest radiation doses for non-
stochastic effects on mammalian
embryos and fetuses

Dose Developmental abnormalities

(rad)

5 Early embryonic death
5 Acute cytological changes
5 Minor anomalies of the skeleton
10-20 Histogenetic disorders of brain
15-20 Malformation
20-25 Functional disorders of CNS
Impaired fertility
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EEV RV OISR 2 EZ A B A, U R VGO
MziEestE 259, UL, BEBEANOERGE EREIL
BYXELET AHIROE T, YET ARHRiIe XEmE»
WMELEF RIS LT, 1rem %0 1 HHD 1~ 2
DR Z LR L TREZE&T 2RI &3 L EE A
5.

7. EIRFIEBAS KCERNOX REBOTEHEE

RN # 2R 2121977 E)4 (ICRP, 1977)
T, IEIRFIREEM ORA DI HaHE A 1. 3%
IRI0F LIPICT 5 ¢ & (10-day rule), 2. IR DA MEiC
02020 5 AR R 2 R INTT 5 & 5 Bl 2
tho T &, 3. REODHNT, KBEE T AERIMDLIET
DERETT TIEBLNTHEONLE S b 2HlLD L &,
ZEIE LT 5. ICPR EAMIRE » EREONELE T2
BNRECSIABBNEML S o1t AT, HE
IR 2 & 5179, ERAHEICE L TR ER O i
FoETIN5,

KE D Brent 18 % R U 1o KK e Bh4: % 3%
U T3 (Brent, 1976, 1980) . 2O, EREL
HHBEE T 5 EH X RRE (EAMZ, EdEhon
DT ORERZN, BEDEBOBHIELA, V%R
DHREZDE L) 2MHTHE, 1. 5 rem U TFOH4
ARBINCC I 5 FEBL T L, 2. 5rem »C %
PHLERERL TOI0E 502D &, HRELT
W2 XRREDORIZRE V R Z I THEE L ST %
&, 8. XigMEHEDLL L b 10 FIIEE 2T 5
LT AL &, 4. lorem Ll EDEA I ATHI %
FET 5. ChxBANEE T, ZOWEICONTidx
BHM 2D ZBENDH S 5. —DODBEHERE LTH
ALTHEL.
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