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Effects of Continuous Low dose Irradiation en Mice

1. Effects on the Postnatal Development of the Sucklings and the Growth after Birth

Susumu Muramatsu, Jun-ichiro Hayakawa, Takehiko Tsuchiya and Hideo Eto

Division of Radiation Hazards, National Instituto of Radiological Sciences, Chiba, Japan

The present investigation was undertaken to demonstrate the somatic effects of radiation on mice
under the conditions of continuous irradiation with a low dose-rate about 83 to 125 days from conception
until fully grown. Male and female mice were irradiated with Cof gamma-rays during their whole
reproductive period. The dose-rate used was about 6R/22 hr -day, and the total accumulated dose was
approximately 498-750 R for each mouse. The animals used were the CF 1-JCL mice supplied by the
Zikken Dobutsu Chuo Kenkyujo.

The stage when external ears opened, fur appeared, lower incisors erupted, and vagina opened
(female only} were observed as one of the external characters with their growth after birth. The external
ears had opened by 3.8 and 2.8 days in the control and irradiated series, respectively. Fur appeared at
6.5 days in the control, and 4.8 days in the irradiated series. Incisors of lower jaw erupted at 10.2 days
in the contro. and 9.1 days in the irradiated series. And the eyes had opened by 14.4 and 12.9 days in
the control and irradiated series, respectively. The vaginal opening was observed at 30.4 days in the
control, and 29.0 days in the irradiated series. From these results, continuous irradiation with low dose-
rate shows a tendency to hastening the appearance of these external characters observed, and the difference
between both series are statistically highly significant.

As growing process, the observation on the body weight, head-body length, and tail length from birth
to nine weeks old was carried out. Body weight, head-body length, and tail length in earlier period after
birth were not much different in both series, but the irradiated series showed slightly lower than the control
in later weeks. At ninth week tail length showed the statistical significance.

Further, the bone length was measrued on the long bone of limbs, i.e., humerus, ulna, radius, femur,
and tibia, from 35 to 105 days old. The bone length is smaller in the irradiated series than in the control,

but the statistical significance was not clearly demonstrated.
% = W TR R & AR & OB ARl 2

W B EART X B TR D 2B L & AT OFEE Y hiask L TE 7 (Tsuchiya #1963 : F
T 2EMNT, BEMCRELS IFJ/HO<Y Ao J118 1964 « [LUE & 1964 + -5 « f@41965). L L
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BRI R TN AR 5\ 5 LM R b
BUDT, ~BNRT2 22 3TERVL, ¥
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H B XHRA L= 880, ERoBENER,
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W5, (Pace 51964 ; Jamison #1965). I 7=
Lorenz 5 (1947, 1954) it 2 #4® LAF, =
VAW 0.11, 1.1, 2.2, 4.4, 8.8R/8hr-day
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FELDO BRI BB L D D ERER A E 7
DL EFRELTS, FITEE LIS
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Table 1.  Number of animals used for
the growth analysis.

Serie  OR day 6R/day
A(g‘:k\\ Males |Females | Males 5;23 o
Atbirth 64 | 72 | 61 51

1 | 140 | 140 | 121 | 129

2 121 | 129 | 121 129

3 140 | 140 | 121 | 129

4 140 | 140 | 121 129

5 140 | 140 121 129

6 140 119 121 84

7 140 100 | 121 84

8 | 140 92 121 62

9 | 140 | 92 121 62

WIERRE  BIEY 3791235, 45, 55, 65,
75, 85, 95, 105H4IZBWT, FRAER10~16
TBRDHEE 7 » 7 20l L, FiEED LB, R
7, PR, BBEOKBEE, BFE o v
L EDHL, /XA TFOEELHEL-.

AT IR O B O\ Tt BRE R F
VW, 5% VRAVEUTCHRE T B YA ¥
BERERDB & L7

¥ 7= 6R/day BE Mz 1R/22hr-day o
DT CRBROER 1T 2 FR L7 { BEo
HRETDLEITERCDTRES TIRFOE
BROZPERL 7.
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Table 2. Littering data in the irradiated and

non-irradiated series.

Seri No. of | Mean litter | Sex Juvenile
€rIeS | litters | size * ratio **¥| mortality

O0R/day| 44 11.94+ 0.9 | 0.4943 2.43%

6R/day| 34 11.24 1.1 | 0.4817 3.93 ‘

¥ : Mean 4+ 959 fiducial limit.

*% 1 The ratio of males in the total progeny.
RN R T 2.4%, REFETE 3.9%ThHD
7 ATHOZIEE T an 07, ZBRERC
BB, /NESE, SFRIE, BXROAE L EDS
RUEREVRFALNLR, WRHETIALLL
N7z,

2. fkE, HFE, REOEEICE IR

FREC & b %2 RE DL, HARN S 258
AL TOBMEENTH B2, 2 ~5FHTh
VTR AT R L, TOHE I BRONITR
Z1E s SRO R ERT (B1K, 2
I, #3%). Wit L b REFEOR MBI 2R L
BRAEZEIRCHHEETIEI 1 ~4HS53F ¢, HTx
1~5383 TREROHEMA { TAKE 638
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AL REEOE NRECER LR L. fE
Rz oW THET % LWL b 34k D HEDIE
makeERYy, GESOEEDEIE6~T L TH
7.

FEMED 1~ 4384 3 cagoclm)., o
IR IT2 BN, HEEOERHFF CIXAN27 (
BN, B4R, H4R). FET3BEST T, M
T 4384 3 TRHEBERC L SR, ok
S REEDBE A & 7 BHEFARBEEI iz, I/
R E b EALEHRORENME Dy RKTHD
7z,

BED 1 ~4# 43 CEEABRELA BN, *
DEBEBNE 2D (B5HE, BeX, #5%). 5
A TR RS, 6 BALIE
SAREFEOEREL 2 ERL, 9BFTIEE
DENR 0.5~ 0.6em& 72 Y, Z DOEIHIHANTH
BTHot (P>0.001 ). EREICDOWTAHB LS
~ 6@ EoOREICERLENB LAY,
HERHEL WD EL 3.

3. kR &b 7 ) AN RROE L

BRI &) %2 D ANETERRDRE(LE AT B 5 #
PEL-FERPEFIRLE. FLVHEBZES
VIR & b EERRER E B Tl X AR
Lot HRE, REBECThEThHEE 3
~4H4, 2~3H4, HHEE~THA,
H4, FEEYEEUEI0~1184, 9~1004,
fR14~15H 4, 12~13H4 &, ¥ OB(LY e

Table 3. Changes of the body weight in the irradiated and non-irradiated series. (*)
.y Series Males Females
Age (wk) OR/day 5 6R/day O0R/day 6R /day
At birth 1. 7040. 02 1. 68+0. 06 1.631=0. 02 1. 6740. 03
1 4. 55+0. 62 5.46+0. 39 4,854-0. 15 5,24+0.18
2 6.5240.20 6. 824-0. 54 6.204-0. 17 6. 7740. 20
3 9. 87+0. 76 11. 7440. 47 10. 794-0. 40 11.2340.45
4 19.9240.58 19.82+0. 63 16. 954-0. 40 17.4640. 43
5 24.1340.58 24.3340.59 20.174-0. 10 19. 9240. 37
6 26. 58+0. 41 26. 5740. 60 21.364-0.31 20. 60+0. 50
7 28.4840. 41 28.314-0. 63 22.404-0.35 21.57+0. 45
8 29, 774+0. 43 29.7240.71 23.254-0. 36 22, 544-0. 60
9 30.39+40.45 30. 43+0. 60 23.804-0. 36 23.2640.72
* ; Mean 4959% fiducial limit ( @),
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Figure 1. The growth in terms of body weight in the irradiated (dotted line) and non-irradiated
(solid line) male mice from birth to 9 weeks of age.

Figure 2. The growth in terms of body weight in the irradiated (dotted line) and non-irradiated
(solid line) female mice from birth to 9 weeks of age.
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Figure 3. The growth in terms of head-body length in the irradiated (dotted line) and
non-irradiated (solid line) male mice fron 1 to 8§ weeks of age.

Figure 4. The growth in terms of head-body length in the irradiated (dotted line) and
non-irradiated (solid line) female mice from 1 to 9 weeks of age.
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Table 4. Changes of the head-dody length in the irradiated and non-irradiated series. (*)
- Series Males Females
™~
Age(wk) sy 0R /day 6R [day OR/day 6R[day
1 5.0840.10 5.0840. 18 5. 01=£0. 07 5.114:0. 07
2 5. 8840. 07 5.9240.16 5.7840. 07 5. 954-0. 11
3 7.2540.10 7.3440.14 7.0840.13 7.284:0.08
4 8.6240.08 8.61+40. 16 8.2640.17 8.3140.07
b 9.39+0.06 |  9.3940.17 8.9340. 05 8. 88+0. 07
6 9.83+0.05 9.8240. 18 9.3140. 05 9.314-:0.07
7 10. 074:0. 04 10. 0640. 16 9. 5110. 06 9.514:0.08
8 10. 2140. 05 10.1740. 17 9.65+0. 07 9.63=+0.10
9 10. 28+0. 05 10. 224-0. 18 9.7240.04 9.6740.10
* : Mean + 95% fiducial limit (cm).
Fig. Fig. 6
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Figure 5. The growth in terms of tail length in the irradiated (dotted line) and non-
irradiated (solid line) male mice from 1 to 9 weeks of age.
Figure 6. The growth in terms of tail length in the irradiated (dotted line) and non-
irradiated (solid line) female mice from 1 to 9 weeks of age.

Table 5. Changes of the tail length in the tail length in the irradiated and non-irradiated series. ( *)
Series Males Females

Age (wk;*-\.\_x‘ 0R /day 6R /day 0R /day 6R /day
1 [ 3.15%0.09 3.13+0.13 3.1510.07 3.1040.08
2 4.5340.13 4.7840.12 4.5240.09 4.824:0. 16
3 6.45+0.12 6. 6440.16 6.5010.11 6.7040.12
4 7.8540.10 . 7.76+0.17 7.7540.10 7.74+:0.10
5 8.5940.10 | 8.40£0.19 8.4640.10 8.2640.08
6 9.3140. 07 . 9.05+0.17 9. 0840. 08 8. 67+0.09

[ 7 9.7240. 07 | 9.3240.17 9.4540.09 9.234:0.09

8 10. 0240. 07 9.51+0.17 9. 75+0. 09 9.164:0. 10
9 10. 251-0. 06 9. 6540. 17 9. 87+0.08 9. 324:0.10

* 1 Mean =+ 95% fiducial limit (cm),

— 29 —
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Table 6. Time of the appearance of external characters of suckling young after birth in the
irradiated and non-irradiated series. (*)
Series
Sex Criteria
OF./day 6R [dy
[ Ears open 3.7640.11 ( 206) ** 2.7740.13 ( 180) **
o | Fur appearance 6.624D0.18 ( 206) 4.834-0.14 ( 180)
Incisor erupts 10.1940.16 ( 206) 9.044-0.13 ( 180)
Eyes open 14.4040.19 ( 206) 12.924-0.16 ( 180)
Ears open 3.631+0.19 ( 198) ** 2.864-0.13 ( 196) **
Fur appearance 6.48+0.19 ( 198) 4.834-0.12 ( 196)
Females Incisor erupts 10.1940.16 ( 193) 9.144-0. 13 ( 196)
Eyes open 14.304+0.19 ( 193) | 12.974-0.16 ( 196) !
Vagina opening 30.3540.28 ( 143) | 29.0240.34 ( 128) |
* :Mean 4- 959 fiducial limit (days. )
() *: Number of animals observed.
Table 7. Bone length of the left fore and hind limbs in the irradiated and non-irradiated
series. (¥ )
Bone Humerus Ulna Radius
T Series ‘ ]
OR/day | 6R [day OR /day 6R[day OR/day 6R/day
Age (days) |
35 10.8340.10 | 10.802-0.39 [ 11.9340.09 | 12.15+0.55 9.96+4-0.07 | 10.03=+:0. 42
45 11.0340.10 | 10.86-0.42 | 12.294-0.07 | 12.304-0.46 | 10.2140.10 | 10. 11+0.33
55 11.8540.21 | 11.602£0.27 | 13.1140.23 | 12.984-0.29 | 10.73+40.14 | 10.60-+0.23
65 11.9940.15 | 11.604-0.16 | 13.3440.17 | 13.104-0.19  11.13+0.19 | 10.48+0.14
75 11.9640.21 | 11.9240.13 | 13.3340.18 | 13.314-0.15  11.04-0. 20 f 10. 94+0. 02
85 12.364+0.20 | 11.854-0.16 | 13.84+0.35 | 13.3240.20 ‘ 11.39+4:0.26 | 11.0240.14
95 12.2940.09 | 12.20-0.10 | 13.854-0.20 | 13.584-0.14 | 11.54+40.22 | 11.2240.12
105 12.7640.24 | 12.504-0.19 | 13.914-0.19 | 13. 78+0.25 | 11.5040.22 | 11.4140.24
Femur Tibia I No. of animals used
0R/day ‘ 6R /day 0R[day 6R /day OR [day 6R [day
12.7940.29 13. 0640. 51 14,8040.15 15.43+0.50 | 11 8
13.14-40. 23 13.51+0.45 15, 4440. 17 15.5640.47 | 11 8
14, 97+0. 32 14, 7840. 49 16. 504-0. 38 16.134-0. 49 10 8
15. 360. 20 15.1040. 18 17.2340. 23 16. 85+0. 19 27 26
15. 54+0. 21 15. 4340. 17 17.0440. 27 16. 89+0. 22 16 15
16. 50-+0. 22 15.514-0. 34 17. 6440. 81 16. 7840. 24 12 10
16. 244-0.19 15. 944-0. 20 17.7340. 39 17.3040. 20 12 16
16. 614-0. 18 16. 16+0. 45 17.88+0. 27 17. 484-0. 54 15 17
* : Mean =+ 959 fiducial limit (mm),
0.001). HEVH Y ZR|ATHXIBEHEL VAL 4. MERE OREA~ DL
NEBAABOHBENRE L, ERAFERIZILN 67, 75, 85, 95H A DWEEDME< Y 2120 T
P27 EARDEEED 5 AOREEOBREFWE L 7= fis
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Table 8. Time of the appearance of external
characters of suckling young after
birth in the 1R /day irradiated series.

*)

Criteria |

Males Females

Ears open 3.104-0. 15(30)** 3. 0340.26(29) **

Fur
appearance

5.6340.25(30)| 5.45-+0.26(29)

Incisor erupts | 9. 5040.21(30)| 9.28-+0.17(29)

Eyes open 12. 7540. 34(30)| 12.45-+0.13(29)

* 1 Mean + 959 fiducial limit (days).

OFEBRE-,. 105HASTOMmEEDZ: _LEE0. 26 #¥ : Number of animals observed.
Table 9. Bone length of the left fore and hind limbs in the 1R/day irradiated series. (*)
No. of
A&ge ) animals Humerus Ulna Radius Femur Tibia
(days) | ced
65 5 12.2240. 39 13.284+0.21 11. 0640. 22 15. 96-+0. 65 17.3440. 46
75 4 11.9540. 58 13.58+0.82 11.1040. 16 16. 00-+0. 75 17.0540. 43
85 5 12. 5610. 40 13.8040. 11 11. 3440. 25 16. 24:+0. 54 17.7240.35
95 10 12.504-0. 21 13.8240.18 11.494-0.22 16. 50-10. 30 17.76+0.29

* 3 :Mean + 959 fiducial limit (mm),

mm, RE0.14mm, $E0. 00mm, KEEFO. 45mm, JiE
A0, 40, I OFEE T FERINCEE TR
Do7R, BEBETE, TOFIMEL L LE
OB TH L TAKEWER R L.

5. 1R/22hr-day [REFFEDES

=0 5 &2 h o, —EARR12.0
+ 2.3, PEH 0.5000, FLEAZEICE 1.7% T H 2
7o, WSO REOZE(L L AT HAIWTDWT
BESFIR L7, 6R/day DY/ LERZNS
DZEILIHTREEL U b T3, 6 REE LD
A S BSTHoT,

37265, 75, 85, 95H4OHEZ Vv THEED
BEOREZEHELUEIER I RIFERE .
6R/day DHAH L3 THERE L b AR
FLORAERAAL M.

zE 2

RERIBWT, &, BRE REOESE

(b2 55 LHENL 3~4384 3 TI2IRHEED

ARBRTH 03, HEFLIALIE O iR s B
IhdvReEAb, IEFTIRHERTROMKTE, FHIR
B, BE, MEORFOER-TAINECL
NRTAEWEEFRL TS, 25 DRI FN
FhoEECE Iz hREOEELEILN
%. Rugh (1956) X HEEES 3 H B OMEEc X
#1772 % &, 50R TH WP OFOREEN
PET D2 LPHEL TN20T, HEE~OmRE
DEBTE L THREORFEICEERB L i &3 #E
BI_ExThB5. L LHESN b ORBEATE
2o T, R IEEL A O R O R 0 B R
EAibhd, REBROFERETIL LA Z OFHHIC
RSB B R E B EFIRL, R
LY R NEEREDE L E Az H A REEHCE
WTR L, HERNCEEZEIRL T3, Zhb
DEPbHRDBE, RERFCB TR L h 0ZE
BEWRERENLDEZEbN L, SR
DO RS NHER O R L E VR L TS 2
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Lorenz & (1947, 1954) 1% 2 #H4® LAF,
Bk~ 2 %0.11, 1.1, 2.2, 4.4, 8.8R/8hr-
day OEET 1208z h 70Tl T Ui R
0.11~ 4.4R/[day FEDEEIGIEE L D KL 7
h, 6E THMABARL R EFRELT
w5, FLHEMTHB L D2EMITN2B 3T
1, 2, 5, 10, 20 R/23hr-day Of5fR T 714
il 4T # L7z Holtzman- 5 } ¢, fK#HIX
20R/day BEZ B2\ Tk 300H 4 ¥ T X (bR
FAHENA L LR Pace B (196412 ko TifL
ENTw3, Lorenz b DEENL 1206 toE
RO BETH 208, KEBR 9BS I TORR
THY, I/ Lorenz b DAL T MSTFHIILE19
HEZ CHBHE LN EERSLNAARCE, -
2HESNLDRNTI B R EPEBID LR
EBROFEREREL(FEL T3 L 3Ebnlw.,

ARECTHIAE~ OB TS L3 225,

I FESDRREIIFE RN CEERER L L N, RS
BT 0.5~ 0.6emE\ 2 & RELZI iz, M
Bav) s BHRERD S &, HAERCKR
FRA EZERZVIZY 2 2b 57, 9ES TR
B, WRBEOHEFhE 94,42, 99.71, BETIX
ZhZFh6.38, 101.54+72 b, FHERELREL
DRT P ATEENBLATCS 2 EBREES A
72 ¥ RGN ST REESL 5,  ESTEE
32. 48T (R & RFERARD), BHNEET 1 HE -
B, BHEBEO BE I AREEL D 0.5~ 0. 6emiE
. ZhARBHEO <Y 20K RIETOREE RE
Wiz EBEI LMD~ RBHEE IO B HE
BRHERTUEERELGERZ L vbATW3 D
C in utero B\ ~EZARE O BRI R 2 3
FaAZ LY, BRIZELLPETCD D L1
Ihs.

Blackburn & (1963) t:HECREAIZ 500R DX
MRS 2T =Y ADJCE I 24BEIC 2.2%0
RESEWRH B 2 L FE LT3, KERTI

105H 4, }EBCIL L TRHEBE O LBE 2.0

AAEEHHRELME H258 H12H

%, RE 1.0%, BE 0.8%, KIEE 2.7%, R
F 2.2%DREDENRLRLNTN, MEHIAH
B35 b nano7. L LEERIIBWTY
Blackburn & D&\~ 72 L= BEDKEMENEZ
BHHN7. Rugh & (1964) (&IEE 0.0~18.0F
B COREDRED 5\ WI3BEIEIC 100R DX EE
REEfT 2, B4 2HACB Y 2 BEPHR
L, #ERE1L 0~13.0H B D s B3 FlRE~ L o &
LARERFEPETE L EHEL TS, K
Bk TR~ 13H H DS i ISR §i%C 5
O, FRZMEHI3HE  coERNE L SORT
T&»>T Rugh 507 —[ERAIFD 100RLLTF
TH%. L7zioTHE LEEI~I3HE 3 ¢off
DI B REA~DFERFHTH o722 LT
o DB L BEORBIEE L Th 5
3. L LEEE CEMENARERERTED b 1
Vs, EUEEDRAEOW IO T Y RISEEE
WIEEZR LT B, 2 U RS 2 7o 7 7
DI, FEIEII~13H B CoRSERFEER L
D, B BWIET WLIE O R © O S 5
THODPEHETCELCINE L FREDTET
3 DT,
INBOFEREBAETE L, EBORCEET
B BA SR BEO RS IR L D b kv &
WA, BEFURIE 251 LCFOBORHER O
FRIOGENR & L nfsmicHE i av s
9ESTHEE, FHRE, BE, BEORED
R FHE L7277 ToESEARED LA
7z. Zhix6R/day OFFERTHOTHZHE? S
FRARII\ 72 B REHAR V2 Ao 70 ClifgE ST DERIE ¢
FHE N5 72 b BN L BSHROEEL ST 5
LEERTHDEEIbNS. Lorenzd (1947,
1954) B & UF Pace & (1964) 1T & % & s s
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