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Biological effects of heavy ions irradiation on the silkworm Bombyx mori

TU Zhenli
College of Animal Sciences, Zhejiang University, Hangzhou 310029, China

Abstract; The biological effects of heavy ions were studied in silkworm larvae following irradiation using the depth control
plant seed irradiation equipment currently installed in TIARA, JAERI. Larvae were irradiated at a whole-body or a local
level with 50-MeV* He’*, 220-MeV"” C**, or 350-MeV® Ne*" ions, and the survival rates and morphogenesis after
irradiation were investigated. For individuals exposed at the whole-body level, the sensitivity to heavy ion beams increased
as measured by changes in pupation and emergence rates. Similar results were observed for all three kinds of irradiation
(a) for the larvae at the same developmental stage, the bio-effects increased with irradiation dose; (b) the projectile range
caused greater effects than did LET. The different beams or the different track sections of the same beams had different bio-
effects on ovary tissues and dermal cells. Adjusting the projectile range with Mylar film showed that greater bio-effects were
clearly observed the nearer the organic target was to the Bragg Peak. Thus, bio-effects of heavy ion-ray radiation on
silkworms were considered to be different than those seen for smaller targets such as cells and plant seeds. Following whole-
body irradiation, the effects caused by different beams on larvae were varied and depended on stronger projectile ranges than
those of LET. For local irradiation, the bio-effects of irradiation on larvae greatly depended on the track site of the target:

the closer the target was to the Bragg peak, the more effects were observed.
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R, R ARIETFH K TIEMA TGN AR Z A H R Z — , B A B B - S 2t A= Wy i w2 H AT E
BERBRIREIZ - . ARSI EERE TR Y BT T 20 42 90 4B, FEE TN
WA S A R A R T g |

FKERREF AR EREF A BT FERPFRBR , S0l R K S &
Wi BT SR bR 2 — ) FE B AT T KRB RFERBTST , (X SR 58 F B R 7E XM y- LS5
& SARIRA O W%t T4 sh R EAEE M E LET AE B T8 K& M4 Y B o R R >,
T EAUFHE A B — AP R B T S R AT B g i TR R B A 4 R T B AR R e B S A R L
i

AMRAEE FHEEEGRRBR R KRS8, WA T AR L E 4 5O R E 5 7 5
P, LUK Mylar 98 B8 25 98 19 S 4k B S R FR SR B0 7 B BB 25784k
1 #RE5HE
1.1 AR &

%% (Bombyx mori) & EAEHE RS (pnd) IR (25 £1) C,AHXHREE 70% —80% , 16h B 8h i
R AR E 4 85 S IR BLIT iR .
1.2 FEE LR E RSk

FIH B A 57 BEFFFEIT A AUAL g U T 5 B 4 22 28 - R 90 Bt H IR BE 4R fb 7 FR AT B . 21
SOTeE R BB T EE LIRS ARG b, T RS B AV RR 2B 2 (JEEBE 63 ) , A4 B3 AR
TS . JRER RS 7 : S67E 2. 0 mm MR AR AR b, HIFE 10mm x 6mm FK/NHIFL , AL HE RS H
FRASL , - FH 35 B Bty 4K &l a0 T 8 A2 PR A Uk & b S 2l iZ AL B a8 B 2T IR S . B TSR )
MK HBEF He', LET =16.2 keV/um; BREFC°", LET = 116 keV/pum FI% B F°Ne®* , LET = 300
keV/pum, FRESHIE R 10—500 Gy, & kX AE T HLRKKH D529 1.5 mm, 1.1 mm and 0.6 mm, ##
BEMREERE Dy 2.0 mm, F,3 FhE B F KBRS AN mBR M IE k. ZF 55 b, 3 ok B Bl A I 4%
Harzlas TNF-1 (modified CR-39, Nagase Landauer, Japan) E.iF3E 3 Fp 8 B TS e 52 2L G BRI IS A fT
R
1.3 FRGHE RS ik

FREIE ,4 W B2 S5 W4l St R 4l By CR IR R A TAkeHm) 3R . bR A8 A A 4R
R AR N ($6em x 3. Sem) , [ 22 25, ¥ W M 5 L PR 45 B AL IR S OPME R AR E R RIE S R . R
S5 PUCRIMETE A S IEH MRS R , T2 7= DR BN S RE 3 5 [R] I8 A R K rh g 3] 7 O P AR , 391 2 0
BRI, RGN, BRI EMEECY 12—18 k.
1.2 HEE IR E

JRyERIR I, S AL R R PR AR AR b A FLAL R 2 Mylar R (JEBE: 100 pm) SRIFTTE B T M5,
REHETFEELE S 18 B Mylar W5, HHRER FHERE THL, NG HEE 8 (KT H A (A5 R
FEAERRAL ) FEAT HRAT, PR S 2 7= B R BB 25
2 R
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2.1.1 XA[FEF L R AV

A 100 Gy ¥y 3 FpEE B T AT DU S 1 RN 1M — R4 BT 2R, DAL P f 77
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HIRNAR ; BEE MAR K E X B T AR R PR , R R i s D . 3 M E T AT Z R AR
AR, ROR SRR RIBRES B SR T 4 i HR S R ) B AR A B B I R R

http ://www. ecologica. cn



30 &

Bt
i
b

5100 A

—— He —®—C ——Ne

100 100 -
° 80 80 |-
2
S
3 60 60 |-
2
2
% 40 - 40
£
Bl 20 - 20
ol [ S R ! L 0 ! [ S R N L L L
1 2 PM M O 1 2 3 4 W 1 2 PM M 0 1 2 3 4 W
L3 5i 4 hjiic3
& & it Development stage

Bl AEMNAREZIEETHERIEHEFERR
Fig. 1 Survival after general irradiation (100 Gy) at the different development stage of the silkworm
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Fig. 2 Survival after general irradiation with three different ions (10—500 Gy) at the wandering stage, in the silkworm
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2.2 EETHLRREIRE AR
2.2.1 XPYREAFTERRAL(ER 8 (RTTH ) Rl MR B0

3 MR FIME R T AR ER IR PR B IR, R A T IR AE B (3R 1) ,30 Gy # C B 7 IR, 7
R BRI SRR 51 132 KA 200 K, 50 Gy FRGTATABERE BN 5 1 Ne B 7 FRATHT, BEfE 100 Gy MRS, g4
Ji% 300 KLLA_E 7 BF s He B3 MR IR NS T PIE ZIA] o X 525 U SPEAL 2 )2 mil o B A A [R] B AR Al

*1 TEEBETFHLZRINRESMELHFIE
Table 1 Effects of different heavy ions on egg production of the silkworm, Bombyx mori

BT WAL B kel TR % WL
Jon species Dose/Gy No. of mature eggs produced No. of eggs laid % of fertilized cges* Hatcha.l:lhty

(Mean £S.D. ) (Mean £S.D. ) /%

30 387 £77 347 £61 95.9 87.7

2Ned* 50 341 49 322 +44 92.3 82.6

100 318 £56 304 £48 94.1 84.0

30 200 +57 132 £41 26.5 20.5
12 CS + 50 0 0 — —
100 0 0 - -

30 235 £37 157 +48 72.5 48.8

4He?* 50 63 +44 47 37 21.2 10.4
100 0 0 - -

it Control 459 +41 421 235 99.2 92.1

o NSRS 5 B IR A A A i

2.2.2 BREGTHEAFBITEE BE SR

1 ST TE PR B AR b A FLAE T Mylar (B 2208 1B R T TR ST AR R T KB T SR A R Bk
X} 5P S A SHBE AR (35 2) , B i — 7K Mylar WR-S5 B H BT (0 B0) AH IR, BREMA S8 A BEIE U0 ; B K 3 5
BB I , 3 SRR 7 BR B S A, 243 AN 6 AL, 3 DR AL 7 I A R IR B X AR SR R LR
WAA AR K o RIS INEE 5 Mylar SRR, W& T ARIBLE AL E 5 85 BIE K KR (£ 3) , 724
FIBHIZRMT , EE B 52 Mylar IR N, 8552 SR B #/ D , 48 52 Mylar BB 7 AL, JL
TR B RS AARER N BETE U R (&1 3) 5 (H 2438 fin 2 8 Alcit, BEAEF 200 Gy MR, BT A MR A4 B 8% B #8
RETE Ao

2 @ Mylar EEESETHRE FHENSEEHRESNE
Table 2 Effects of Mylar film covering local irradiation on egg production of silkworm, Bombyx mori

%ﬁ&ﬁ/( 100 pm/J) No. of maﬁiis produced No. i:’iﬂgfsl laid %*ﬁ%ﬁ/% R ﬁﬁ?ﬂgig'/'%*
Film number (Mean £8. D. ) (Mean £8.D. ) % of fertilized eggs Hatchability
0 0 0 - -
1 0 0 — —
2 57 +48 41 £31 16.5 10.7
3 244 +66 217 +59 48.3 33.7
4 358 +57 332 +44 64.9 63.1
5 423 +46 411 32 92.7 90.9
6 462 +53 433 +48 98.6 93.5
i Bt Control 458 +41 421 £35 99.2 92.1
Gy HT B T 5 42 5 3 IR AT B B UL, PR MARCR 12—18 3k/IX 5+ IRSHMERE A 5 BeAr IR B M A B

3 itig
KT RHEEFRHEN RENEYE N, JHE T AR ERFAAEE FHE2ESRHRERRERER
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Table 3 Effects of carbon-ion different track section on scaly-hair formation

& B WA B IE AR B AL BB 58 2R MAEK
Dose Film No. of No. of No. of scale-hairs No. of scale-hairs
/Gy number observation normal decrease complete deletion
100 0 11 0 0 0
3 12 12 0 0
5 11 9 2 0
7 11 6 1
8 12 12 0 0
120 0 12 0 0 0
3 11 1 1
5 12 5 4
7 12 3 9
8 12 12 0 0
140 0 12 8 3 1
3 12 10 2 0
5 12 3 8
7 11 0 1 10
8 11 11 0 0
160 0 11 6 1
3 12 3 6 3
5 12 5 7
7 11 0 0 11
8 12 12 0 0
180 0 12 0 7 5
3 12 1 6 5
5 11 0 1 10
7 12 0 0 12
8 12 12 0 0
200 0 12 0 0 12
3 12 0 1 11
5 11 0 0 12
7 12 0 0 12
8 12 12 0 0

TRSTERAL  BAAREE 8 (AT

B3 EETHEEMBRHENHRHESENRSEL
Fig. 3 Abnormal morphology of scale-hairs in adult moths induced by radiosurgery with carbon ions at the wandering stage, in

the silkworm

A WM 0 IEW s B WBEMCE3, J0A AR, 5 CMREME: 7 ek
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IR AR T , AR () LD JoFa AR MU RS ML SAR L™ o B — AR A UL T R AR A4 1 40 B
AR VR, BEE AR & R B BRI s KA WA BIST, TR o 4h i 3 B 4y B ff ok 5 B B AT I
DIREI RGN B AR 2 B IS s 73 50, AT AR Z 2 Mt E R AR HEEE A T EER,
RAFHEAEIC T, EH LY BB SR AT G 30 B 38— % i [E A 50% B9~ RFE T 5 B
(D30 gr me ) HeFRAR 2220 (B B BRI SRy — AR HOAB 08, T L F FAEAE S S IAR ARV AE LD 0, BT AR
HUE R AR 50% AT B 0 RS B R U ARG X BB T R IR A, 4
P3RS PG ) LD, 73531 A - 505 15k 500,500,270 Gy, B ¥~ 554k 500,270 140Gy , 5 154 300 |
180.90Gy (& 3) , SIFE K B T R AWM iR, RS 9 7588 TR i/ IR T RN TREZE. H
Y- IR R A i, RN EFE J1 58, SR 2 B PR A8 B AU PR B, ME R TR B A R B BT
PR, RS TRBEA PR , AL T 4h B BRI L 8 B B8R, 778 T R SR M A R 2 B B 2 B I
PR X S A 4l B ER A TR B T AT R R AT A SRR O E B T TR AR AE T R T B E B T A At
REAR Y o 1k S A LA R IR R TR R AT RAFH R B R EZ BIRA ettt in R (B 1, 2,
R 1) o —f, XIS T2/ AR, BB TSR LET B, B 09 4 i w5 =) et
FHREL B, BT ALY P TR, B T3 2 RS i UG 3R T B S RV B R SR A
PR, BRSSP LET AH EL, SRR B S 0 R S BT SR AR i iR (I8 1, B 2, R 2) o SRR L,
X B B R T HR A e R B L AR DL A 5 2R - SRR 0 oS 1 S R SR X AR B BN BBIE W A R TR E 1
YN R IR R TSR R I AR, R B RS T SR IR I SE A RETR BUOB (R 1,% 2) .
P 1 B SRR T B P S BRSO 0. 3 mm, DALY KRR AL 2979 0. 7—0. 75 mm , B2 JiRk 3% 11 2 59 5 2 1A (9 B
FE 1.1 mm DAPA 5 5508 SR BB AT, R RN IR BERGR , T B T S R AUE — iR /iR B0 L, B U8/, RS
TR Z KO0 . 73— 7, REEBCK BRI BS T AT R RESE 2 B U0 &L, MRS IMA L A RETE i 00 s 88 1
SRR IREREE D 1.5 mm, BE F B THAC & @ IR, NOXA KA R0, (B SL b E7EE R TE
ok BIRKRI A S RLE R R B4 h P E B TSR R0 A W R, 75 0 B PR e e (15—
R B A FEAL RE 32 B A, T 7 IS 2 P R O RZ A A /M (R 1) 6

SRR [ B B %ok B S5 B0 A i S [m] , B9 b o ] L@ 45 ] R — S S R S AR e . A A
Mylar P53 35 AR 1 B 7S R X S 7, BB B e MO A 0, RS % B2 W A e, LA ¥ 2 9 B TR
2, B ARR S B2k s 23 AR 6 AL, BRI A R AN EI R AL, B LAV AN B IR S B2, e B IA T
FETHBEUSMIARREBRAZ B (£ 2) o P X858 KZE Atk BRSNS, F Mylar 3/
B TR TSR SR Bragg WAL E HORAE 6 (H ) 4HARRT, IRAT A A na ik (B 3) , X 2 H
N BBt — = AR R B B 2 M oA 2 8 T R, B S 4 L R A Bragg 0 97 8 37 S L B2
HUHZ B A E B IR WS AR/ (B 55— A€ Mylar JERRACEUNT , LA 2R 9 Bragg 14 BA 37 B I 4 7R X FL B
AR M (7 A0 , BT UL BrA BRSBTS 6 , QRS2 N EI) 8 AU, Brage 18 fr) (37 B 52 A 4
BIE S AMLZ , PR B B AT I R M T8 45 RS A BE R AR RETE . ELHEIR AT (0 BO) W85 B58 227K 25 /51
B4 200 Gy; T4 A 7 A Mylar film 05, 85658 2 1H K BB U 140—160 Gy (3K 3) ,iX 2 N HLHA
[ LET R[], Wi 2R6 LET B , BRAE S = SR b5 R B IR XE R DNA BRI IBE T s Br LA
[T B 57) B R S, 7E 5 LET FBLEAL R B 5 1B FTA B B A M Z AR 5 MBS T

SERRYEE T AR R &G R A S A AR TS MR R T R IR, B A
LAY SRR AP T AR B A S ) LS LET R/MNITAE R B A R W 2K 3 T Rk R AT, B A48 B B
T LR LET Bk, MR 5 i A Mo ma R o
Bl : AW AR ATE B AR T BEBT ST IT R AU 5 IBT I 5 BT AT, SRt R e BILA B S B B A SR A
R/ ETE LT TR B K38 2.
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