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Table 1. Responses of Bombyx mori to apholate administration.
S MAicxl'lo%ram Nulmber of Number and (%) of

T T | et | e | el [ g [ e
0 32 25 (78%) 22 (69%) 22 (69%) 22 (69%)
20 9 8 (89 ) 8 (89 ) 8 (89 ) 8 (89 )
80 10 8 (80 ) 8 (80 ) 8 (80 ) 8 (80 )
Female 390 12 11 (92 ) 8 (67 ) (7)*(58 ) (7)*(58 )
1,280 10 7 (70 ) 7 (70 ) 0 — 0 —
5,120 10 7 (70 ) 1 (10 ) 0 - — 0 —
0 28 25 (89%) 22 (79%) 22 (79%) 22 (79%)
20 11 9 (82 ) 9 (82 ) 9 (82 ) 9 (82 )
Male 80 10 9 (90 ) 9 (90 ) 8 (80 ) 8 (80 )
320 8 5 (63 ) 5 (63 ) (5)*(63 ) (5)*(63 )
1,280 10 9 (90 ) 9 (90 ) 0 —_ 0 —
5,120 10 4 (40 ) 2 (20 ) | J— | J—

* Slight degeneration occurred at antennae, legs and wings.
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Table 2. Antifertility effects on Bombyx mori of Apholate administered orally in the
larval stage. Number of eggs is given per single female,
Cross. Number | Number of eggs /5, 149 Nu%girOfC/meo e D/Bx 100
combination pairs produced laid (%) fertilized (%) hatched (%

B (A) (B) (<) M
F, XM , 10 .701 665 95 664 100 631 95
Fo XMy, 5 676 723 %4 671 29 649 96
Fzo XM 4 719 665 93 661 92 640 96
F0xXM 4 699 650 93 648 100 625 96
Fo XMy 4 699 663 95 659 99 540 82
Fgg XM 4 705 666 98 664 100 653 98
Fgo XM g 4 633 679 93 677 100 526 77
F XMy, 3 727 263 36 231 88 33 13
FaoxM 4 110 62 56 32 52 27 43
Faze X Mg 2 215 59 27 15 . 26 0 —

* F:Female ; M: Male ; Numerals indicate Apholate pg given.
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Fig. 1. Morphological degeneration in Bombyx pupae, induced by larval administration
of Apholate.

3,4------Female pupae, given apholate 0, 320, 1280 and 5120.:g, respectively.

, 8enee Male pupae, given apholate 0,320, 1280 and 5120,.g, respectively.

111




Bi s ® % 4 30 &IV

YRR : BReas ULL 72 32048 LIFOHSRA
TRECER T » 7o, FEREB 2 RTEY T 5.
ETRIPRGL, M 320p8 #4545 LK
T5. Ll 80pg LI FORETRAL BERL .
BESREVY, HfHEE D 80pg XTI ZRIT RV
LUl 320pug 545 &, HEDMLIDEHZ A

bbb FERLIMERNN LD, MXDHLUTTHD.

FiHET 320pg BYS U AT, [EALPNEEDREDH
BRI RPT 5.

ML 32048 X ABRWT, BEIBEXE BIEWL
<, ZZRER (ZHIONE/REBNE) 13X AL 100% %
TRY. HEZ 320pg ARG U 24T, SZRIEIL 88
BEPILDETOD, TIRRZHNORYEBET I
8o fofzdd T, BEHSEHIE U CIIERE (72710) o
Y LUF 22 S sl & i, M 320pg %85
T5 L, BETIHOKEEIAZRIIE o b, B5THilE
WALS NP I E S ide ob- 313/ Al

WMERE, BETIX 80 ug LFOWMGTIRIZEA LR
WHZIF BHLR 95~98%), 320pg BT LI
BB 7o B LRI SR TRAE W 20438 TH D
HEPREINC Ao T B M LRIIBS B L HE DG v
— G HETIAFIL 2235 DM LI, 80pg HEX T 80
% (FoX Mg, : 829, FgoXMyy: 77%) LEWIETL,
320pg FERTIRVH U DL LBV, THUISHHRIC
FEREULU LIRSS W EZRL T D, HFICE
WO EEHEIEZR M (dominant lethal mutation) A543
WHIEETHERINTWS LD 23D,

4 & ®

% A4 A REDYBOTIETTARC apholate ZE:AT
L&, WEHEED 320pg ORI CWEL D LWRIES]
RhHH Lt

HETI3PEEOMD A 5 LIS X DI, BBl
XUBIORENMAHL 5L L HEX, EREIRHRS
REIOET 5 4 TR IOMBLHBESh
L. L LRZHEBOMESERrL VBV EhbH
T, BUHBFEERIC L 2RBEHORBERBIHE VL
o TWiaWwh DD X 5 Tho.

—HHETL, 320pg BEXTRIRERINHKIE
T332 E00, MFEROBHESL D VIINTIEL
PIRShD. SHORERTAREZ L, ML &
320pg KIEOHA G T, STHIBILK 231 fd (2RI
88%) Z 7\ U THMER 83 (FM{ER18%) ¥ &
Aol bELT, HFEHTVHLLELY
BHEHFER RO BRM S LD,

WEFICE ) DEEEHGELNOSLIL, 80pg BEX
DRGNS L I MDH TEWTESL. Thbb, Hi2
Hinl MEOXKESO HESOXHEO 35 X utlE 80X HE 80

112

O 3XDOZHRE PR A5 &, R TRK
T 5 7 EEN e Wit d Ao B8, FMERIZHEM
HOBAIUETFT D, Lichio TRHFTIE, 32048
5XTiRb b5 A 80ug X T L BHRIE LRSS
MWDz Latdns, Apholate 12 X BT OEHE
PFEZTUT Y 2 T U Ly Anthonomus grandis ¢
LUHHNTIEH Y, T OBPARBMLTIIHOLBDIET
BOHUSL WD,

HED XSz, #4aHitiv1% apholate D%
YEVERVE, BECIIIRTEIROBLE 3 X O BB KR
DB S, —HHETHTFROBES BV
RETIEY, FIUMTRBIT SEABIEERLFH
+5. LaLR#MNicL7- apholate OARIERITCIE,
A CHHEER A B hig v, —E0iREE L THME
BorlbigL T 5L, MIC 80ug 5L 2B At
A REEZIUNE eV i, MBI X b BHEEH%420
LWL T 5 RN, RikE U ToOREZ U3
HEZI D B vk,

FiRkic apholate o)XRUEXEIHC fEHERE A3 B e
WX, 4 =,xx Musca domestica® 72 b U A
v &2 v Epilachna varvestis'® T#LIh T3,
—7F % Aedes aegypti® 24 v 5z Stomoxys calc-
itrans®® TIIHELHE X b BIGZESITHL, 2H Y am
U — 4 Cochliomyia hominivorax?®, 7 X% J o L v
Callosobruchus chinensis'® TiIMic HEHLEHE 2321
2. BlfEE CiziYsh 45 apholate OZRAE
Pz 2o DI HEG IcoWT, —RUNA R R 2T
ZERMTH S, SERBHOBRK X » TR D
Y THL, E0XS RFEEHORBEHRL i
XoTL, Weo MmN UYShoTaiEER D 5.

Z it apholate ZiyE U 2faic, WA bive
IRISITIBURTR L 025D 5, sy, B, W
ORBNIGRILTRENS X 5T, Witdniimictd
Z 5z L3E T 5. Apholate OYELILYL,
FOWMNT M F MU X 2T, L LTHIE
DRI TIER 2 2B L 22 b, Sutsdk
RZNEHINY AN T pdz SR B T
D8V Lioato Tiifs, B, HoFEZRRACH
YDz i, ShSOWMTTEHEERT 5 MEaOHTESs,
apholate #4131} 3 % Vi3 = DRIT ERIC fFiabhic
T ERRBRLTVD, L HAA, apholate itk - TKA
&V IEHAZ D DI RB C O AT E R OTEIR D,
apholate #GNLUL I IEFRT Ho e T LIXPL T

b5, —H, RELBELZIh- Lo HBED

Zi%i3, apholate {5 IZ T CIIZER T L TV
FDEEZTIVTHAD. ..

Fie, COBEBRN (ufa, B, @oiR{b) 2% i)
HUMICERM B D XA F v v S I L 28 45



B F o &M 30 %IV

NOMOBMEILE T TEL—BHLTVEE b,
Hokdh Uk Th 5. £k, & < KHIAThoME
7=\ 5 apholate 7 &7 & ) o U RILAGOIEMH
RN RO Th L XL FIBIL TWD Z EBRL T
.

Apholate ORIELIEMIE, ZhETA sz, R
2 a—U—bh, Busx, BlEEEUTARHA]
ERIABBRCHEINTE 100, L Lz 4
TN TREFNRERD fThdin o7 b OREIIS
h»—c‘/\ 681,32)_

zhicRL, PEENAFcomRpidizl, 7
VEOAYETYI®D, FXFTIANO, a2
YIBID, N\ F =R THEE R TV SIS EL V.
HEAX NIV hY apholate 12 X - TRIE(L
XNDH, FrhvAvEFeURY R TV U TR
ik b, IRUGEEHORM AR R ORMSIED S
w5,

LWHMWBHDDIE, T HU K= Panonychus
cityi 2 2 & = Tetranychus telarius ZHLFEL 7=
WETHD, NE=olEic apholate RS T 5 L7l
BUBOBALEC E & I T 508, HikciBLAggTit
FEERAC L BMEEL HEVIET LAV, L2 AHMIHMEL
FYBIIZE ALHEC 2 TLE D, N2 TR
OB T2 e Ibh T, ZOBg
N =DiEHS apholate 1T X - TEHiE IR 722
& 2YPHCRL TV 5.

ALERTIIS N2k )5, apholate Hih A oW
L TR TREER 2L O L LR TDH D,
Ll —fic, SAERBCHL THRITHhINE S
M3, SHROIUIH AR F ohiliisd iy, ¥k
Smith? 3,3E_XTW5 X 5, REROIMILIZHA
- Tit, WHETLRHRO 1FE 1 FEicowT, #
HHIOEOIC K HRTEN I BB 2TV, #
DRI D C EHBNETH D, TOZ EIREL
EVSTERRERP D L MREXONL L LATHDY,
7o & FREHEL RGN Kk & it
LH.

LT LEROLITIE, ORIV
TSP TH T ENBHETHS. 74 aHiTwd
% apholate ORIEILIEADHITICD\WTiE, BUEM
RSN Etd TH b, JICARTLTFETHD.

5 i =

%4 aMicel % apholate ORIEFEH 243+ 5
e, IO IONETRIC apholate KA
AL, 1@ibih 20~80pg 2450 2241
RITREBINICIEN CH 50, 32008 %3055 2
omfy, M, bl S5 Re

Hibnd % Limoofsn, B, BRI hv.

IRBUZ DWTHRIBNZRBL MR, koX 5
HC I3 SRR DM 35 X O SR D 2SI ORRE 238
gxh, HTRIMTEROMESD 2 WVITETFIET, &
5 NI HERGE R ROGES R STz,

1. fEoEREGE 3200g G X T, K HST
5. Ll 80pg EATFORS TRIELEXE bk
V.

2. PEIBEUISEHES b 80ug AT ORYS ClIiEE L
BiFinv. L LS 320pg $¥5-1 5 L FEOREUE M
UTERD. HEiz 320pg $15 L 2001 SRAL T
DEEIEIIB TS T 5.

3. ERRNPRRUE, MEHEE D 80ug DAF OV TIIAE
WMAX & b bV, M 320pg BY5+ % LR
ORI IAZRIBNE 7 b, SIOBZRTRIIOINTF 23
Hbhv, B 320pg #1455 L 2NN D
WEZHSEEST EF, MTRROMNS Wik
T iz s ivs.

4. HEIAFROHINII, BT & A S LT 5.
U UHPLPI D4 12, 2RO MERIE T A 20
iz, TIUIRZHHOTEE AL TH 0, HTFic
FOWTEHBGEERMSH VSIS CHBIhA -2 & %2R
LT3,

3R X B

1) Knipling, E. F., Sci. Am., 203, 54 (1960)

2) Smith, C.N., Adv. Chem. Ser., 41, 36 (1963)

3) Smith, C.N,, LaBrecque, G.C. and Borkovec,
A.B., Annu. Rev. Ent., 9, 269 (1964)

4) Goldsmith, E.D. and Frank, I, Am. J.
Physiol., 171, 726 (1952)

5) Mitlin, N,, Butt, B. A. and Shortino, T.]J.,
Physiol. Zool., 30, 133 (1957)

6) LaBrecque; G.C., Adcock, P.H. and Smith,
C.N,, J. Econ. Ent., 53, 802 (1960)

7) LaBrecque, G.C., J. Econ. Ent, 54, 684,
(1961)

"8) Borkovee, A.B. and Woods, C.W., Ady.

Chem. Ser., 41, 47 (1963)

9) LaBrecque, G.C., Adyv. Chem. Ser., 41, 42
(1963)

10) Weidhaas, D. E. and McDuffie, W.C., Bull.
Ent. Soc. Am., 9, 268 (1963)

11) Shaw, J. G. and Riviello, M. S., Science, 137,
754 (1962)

12) Shaw, J.G. and Riviello, M.S., J. Econ.
Ent., 58, 26 (1965)

13) Shinohara, H. and Nagasawa, S., Enf. Exp.

113



14)

15)

16)

17)

18)

19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)

31)

32)

Bi R OB 5 M 30 B—IV

Appl., 6, 263 (1963)
ERE . R 7, ISHR 8, 272 (1964)

Henneberry, T.J, Smith, F.F, and
McGovern, W.L., J. Econ. Ent., 57, 813
(1964)

Hays, S.B. and Cochran, J.H., J. Econ.

Ent., -57, 217 (1964)

Hedin, P.A., Cody, C.P. and Thompson,
A.C, Jr, J.Econ. Ent., 57, 270 (1964)
Davich, T.B., Keller, J.C., Mitchell, E. B,
Huddleston, P., Hill, R, Lindquist, D.A.,
McKibben, G. and Cross, W.H., J. Econ.
Ent., 58, 127 (1965)

Lindquist, D. A., Gorzycki, L. J.,, Mayer, M. S,
Scales, A.L. and Davich, T.B., J. Econ.
Ent., 57, 745 (1964)

Cressman, A. W., J. Econ. Ent., 56,111 (1963)
Smith, F. F., Boswell, A.L. and Henneberry,
T.J., J. Econ. Ent.,, 58, 98 (1665)
Weidhaas, D.E., Nature, 195, 786 (1962)
Harris, R.L., J. Econ. Ent., 55, 882 (1962)
Chamberlain, W.F., J. Econ. Ent, 55, 240
(1962)

Weidhaas, D. E. and Schmidt, C. H., Mosquito
News, 23, 23 (1963) .
Gouck, H. K., Crystal, M. M., Borkovec, A, B.
and Meifert, D. W., J. Econ. Ent., 56, 506
(1963)

Gouck, H.K., J. Econ. Ent., 57, 239 (1964)
Murvosh, C. M., LaBrecque, G.C. and Smith,
C.N,, J.Econ. Ent, 57, 89 (1964)

Chang, S.C. and Borkovec, A.B., J. Econ.
Ent., 57, 488 (1964)

Hair, J. A. and Adkins, T.R,, Jr., J. Econ.
Ent., 57, 586 (1964)

Gouck, H.K., Meifert, D, W. and Gahan,
J.B., J. Econ. Ent., 56, 445 (1963)
Hansens, E.J. and Granett, P., J. Econ.
Ent., 58, 157 (1965)

114

Summary

1. Toexamine the effectiveness of an alkylating
agent, apholate (2,2,4, 4, 6, 6-hexahydro-2, 2,4, 4,
6, 6-hexakis (l-aziridinyl)-1, 3, 5, 2, 4, 6-triazatri-
phosphorine) on sterilizing the silkworm moth
(Bombyx mori L.), aqueous solution of apholate
was administered orally to the last instar larvae
(5 days old).

2. In pupae, development of antennae, legs and
wings were inhibited slightly when 320ug apholate
was administered. Degeneration of antennae, legs
and wings became remarkable with increasing
amounts of apholate given, and complete degen-
eration of these organs was induced by administ-
ration of 5mg apholate.

3. Egg production in adult females remarkably
when 320 ug apholate was given, whereas no
reduction occurred with apholate administration up
to 80pg. Inhibitory effect of apholate on obgenesis
was suggested.

4. When adult females that were given 320ug
apholate were mated with untreated maies, ap-
proximate 50 per cent of eggs laid was unfertilized
egg, showing decrease of fertilization aBility in
female germ cells.

5. Numbers of eggs laid and of eggs fértilized
reduced remarkably when untreated adult females
were mated with males that were given 320pug
apholate. Aphplate should inhibit sperm formation
or cause sperm mortality.

6. When untreated adult females were mated
with males that given 80ug or 320uxg apholate,
percentage hatch of fertilized eggs considerably
decreased. This means embryo mortality, and
should be due to frequent induction of dominant
lethal mutations in sperms by apholate. However,
conclusive evidence to support the occurrence of
dominant lethal mutation in female germ cells
has not been found.



