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ABSTRACT : Effects of a -difluoromethylornithine (DFMO) and e« -difluoromethylarginine (DFMA),
inhibitors of polyamine syntheic enzymes (ornithine decarboxylase, arginine decarboxylase), on
ovary were investigated during pupal-adult development of Helicoverpa assulta. Two inhibitors
(DFMO, DFMA) showed definite inhibition effects on ovarian development. The inhibition effect
on ovaries weight was more marked in DFMA-injection than that observed in DFMO-injection.
Two inhibitors (DFMO, DFMA) gave rise to a peculiar decrease in ornithine decarboxylase
(ODC) or arginine decarboxylase (ADC) activity in ovaries, 72 hrs (5-day old pupa) post
injection. However, DFMO clearly exhibited supression of ODC activity after 96 hrs (6-day old
pupa). In addition, two inhibitors (DFMO, DFMA) diminished putrescine content in the ovary.
The spermidine level was slightly decreased by each injection of the inhibitors. However, two
inhibitors (DFMO, DFMA) raised the spermine content at certain developmental stages in the
ovary. Although the effect of DFMA was less severe, two inhibitors (DFMO, DFMA) caused not
only an overall delay in ovarian development, but also abnormalities in cellular differentiation.
Noted effects in the pupal ovary were the appearance of irregular nurse cells and partial
destruction of follicle epidermal cells. Adult ovary showed rapid degradation of nurse cells, a
reduction in the number of follicle epidermal cells and immature oocytes that had a low yolk
content.
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AN polyamine 3HHE-<Q! putrescine orni-
thine¥ arginine>ZHE] §5 A=A, o] &
Z+2}  ornithine decarboxylase (ODC)®}  arginine
decarboxylase (ADC)2] Z}-&ol] o3 o]FoiZlc}
(Tabor®} Tabor, 1984; Birnbaum3} Gilbert, 1990;
Sparks &, 1991). #FE-Eoll42] polyamine 8%
AL 0DCY #gol 93 omithineo] putrescine
diamine2.2 HgPozH Azt=}, ADCS] 24
o]l &g polyamine $43L EAIA Y= Aoz
Bax)3 v} (Tabor®}t Tabor, 1984; Bulfileld <.,
1988; Bimbaum¥} Gilbert, 1990). =5 ZZollAT
ODCell  2J3k polyaminefHAdqte] EQIHUE ¥,
ADC?| ZH-goll €3} polyamine A2 EEslct.
Polyamine Aygrde] A 3NE4Q « -diflucromethyl-
ornithine (DFMO)$} e-difluomethylarginine (DFMA)
£ Z}7} ornithine?} arginine2] analogueEZ4], ¥
AAEES] ODCY ADCell tigh g3=el ul7le
2 AHslAIYo] in vitro B in viveE E =)
u} glort (Golden 5, 1984 Sjoerdsma %5, 1984;
Sjoerdsma$} Schechter, 1984; McCann 5, 1986;
Koenig 5, 1989), 2ZolAE Musca domestica®
spAg g}k ODC Ao gt DFMOY &3}
tho] #Qls)gls ¥ (Sparks S, 1991, AMAS
o]2-3t polyamine thAtel] gt A7 A9 o]Fol
2w} gk
=30 ANAE PR F critical period]
{(pupa)~A}Z (adult) BHYA17]E<} polyamine?)
o] Fr1e Fuk ofdel (Hamana 5, 1989) 4
ofXAZEe w=FAl 38, wulg, Aghg
3l H3bgol A ZFadle ZASE (Numata$h
Hidaka, 1980; Bodnaryk3} Gerber, 1988; Osanai
5, 1989) ©]§o] o} polyamineo] kAol
o8 oA3g Y Aoz AsHch ulghd
AtellAE= 2l (Helicoverpa assulta)2] &
(pupa) Z7)oll DFMO$} DFMAE 77 d7zhuiz
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o} 39 polyamine ¢! putrescine, spermidine,
spermine®] %7 ODC ¥ ADCe] ZAE =S
Z2AsE 9, GAE PAAuAd =22 Wi
Fo abslo] damkalol] ulX|E AiAlSe) #w)

8
& Ak

FAHFR X E

H

-

AshAe) &

al
=

i

Mz

Al
=

colube)l  (Helicoverpa assulta)e Q1ZALE(2<F
F7V5, F7VE, 23EA7)E, skim milk, yeast
extract, multi-vitamine, agar)& %o|2 &% 25+
1T, A 5 60+£5%, 7] 16L:8D =73}l
A ol ARSsldch. AslAle] Aol S(pupa) 2¢
ol (DFMO)$} e -difl-
uoromethylarginine (DFMA)E Z+zZF 304g4) insect
saline(133mM NaCl, lmM CaCl;, 5mM KCl, pH
7.4) Sulol] £33 F micro-glass syringe%t
injection pumpE A&ste] HR 3ulA] mioiol] F
dstsict. dzFo 2 5% insect salined %
A7 F4& NG ALtk

T
o

a—-difluoromethylornithine

HAo| HE

iz g8l AA] Aol i FHES )
2 dAuAslolA £5, 6, 7, 8, 9Y B AZE 1Y)
Al Agslglen offe]l RS filter paperZ &
Al AAsle], Ao AAFS AT F -70T
A AGAA) Bapsleict.

A9 Polyamine?] X & 2A

Z+ whAM 2 A3 A 5% perchloric acidE
AlE 30mg? 100 Z 71slod finger disposable
homogenizer (Sigma)g Ah-gsle] FAFAZ %
4cellA 3500g22 107 S AR F 45y
+ #33r). polyamine A A= Jeong ¥ Kown
(1996)2] ol wa} 2P}t

Polyamine #42 Corbin 5 (1989)2] ¥HH<& o}
4 HEFAR Yoo 5 (1998)2] wbHell F3led 44

sl rt. HPLC= 600E Multisolvent Delivery Pump
9] Waters systeme ©|&8}91, U6K Injectors}
(338nn
excitation/400mm emission) % p Bondapak C18
{3.9X 300mn) columne AH-&3}sich

474 Scanning Fluorescence Detector

0DC 3! ADCS| &M =X
ODCS ADCe] #A %= Rusell®  Snyder
(1968)2] HHY 3l Anguillesi 5 (1990)9] vhiS o
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o] 24}, HADAMEE M3y
mM Tris-HCI buffer (pH 7.4)& 718to]
AN 5000gL 158 B¢ A
o 200u & 5p, 05p Gi L- (1-Y
C) ornithine & 0.5p Ci L- (1-"C) arginine¥}
500mM L-ornithine ®£%= L-argininee] £°1 &
glass vialell 7}&t ©h& hyamine hydroxide7} £o1
1= microtube® 22 ¥ rubber stopperZ YA
# 37CoNA 3087t incubationA Zic}. BHe-& £
A717) sked 200 TCA (trichloroacetic acid)&

o} slstel thA| 3087 incubationAlZ ¥, W&
=l ¥co,9F A% hyamine hydroxideE Scintiverse
E2 &7 )2 Scintillation Spectrometer {(Bec-

kman LS 6000LL)Z o] &slol wWAS-S =4

g
Zeofl 50 mM
A3AZ

723

o il L o

%

3 &R

“ [+

(<=3
t}. ODCSF ADCE BAE = HAZLol o3}
oy ornithine £-& arginine22%E] WA “C0,9

oF (nmob)2-Z FHbstadct.

HMIES M| BE

Azg JFaE 547 B Bouin's fluidolA 3
A5} )i_dtr:] IAE AMEE T2 FAG F 25

o zgjy AAES Azsdch Az BHog
BE) paraffing AASL FAE ok hema-
toxyline®} eosin®& 3siel F¥Avidor W
233,

al
=

Zu &

AE ) A polyamine AAEA-S omithineTt argi-
nine @ ZXE] ODCS ADCY ol oJef olFo
At Eol whel FAAEE ke KolE viehid
(Smith, 1985; Pegg®lt McCann, 1988), ZZolAE
ODCo} #goll geliAgt polyamine Aol olF
oA Aeg Hus|gict (Tabor#t Tabor, 1984;
Birnbaum¥} Gibert, 1990). Z1&ju} 4+ ATAE
(Cheun £, 1982 Jeong® Kown, 1996)-> 5l
A ADC7} ZAshe Ao #elslon, o E)
o Holl thsiAE ob sl wrEAA oSk

ahlAl 7] g AsiAl FQlell whE wael ‘“ﬂ\‘%
W lo] g qlotiy| -rIOH uhAl bl whel A
o] A=k wshs A% Ax, duapbde] Z4hd

8- o8 - gAe
AR e RS & 59 o) F AR AEs)
Yol AGHS 272 ugle % EAANAe

%i A Z242 ol Aoz BARJA=NC (Fig.

). A4l (DFMO, DFMA)S] FJA] wazel R34
aoh% RE7N) ol 2AkA A AR SAR
HiAHS Hoono, < 9 AlE7lellA DFMO
HelFoll Bls) DFMA Aeliol 4 whAavst o
AL xo)E epNrHFig. 1). olaid A 4
Zoll 49} BRI R dae] Akl DFMOETH

.

DFMA FQ14) odgkel & Ao 2 Velgel(JeongTh
Kown, 1996).
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Fig. 1. Changes in ovary’s wet weight during

pupal-adult development of Helicoverpa assulta
injected with insect saline and inhibitors. P5,
5-day old pupa; P6, 6-day old pupa; P7, 7-day
old pupa; P8, 8-day old pupa P9, 9-day old
pupa; Al, 1-day old adult.

T ODCY ADCY BAEE FAE A3 A
A4 wkAZollA ADCEAICl Yetg ot ODCEAel
vl3) o}F & FEE yehyon ARl ut
2} ODCE4 2 -57}%b+h gaksl Agg Ko
Z9tHTable 1). DFMO2] FRiTlAd+= 0DCE
BAEst 32A Aaisigleon DFMAS] FFollA

E ADCY ZAEE YR A Zd BATE
o e F£FS JehNgCh (Table 2). =S 23hA)

f'

A2 A Fao)Ae] putrescine 3HE A4 AT
o nlal sRABA G FFEoR FaEgen A
AF BRAEo) A A3lEE B4 A7)l A 9] AEEAr

& AsiA FYLAAE T 4% Fol 24 A
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Table 1. ODC and ADC activities of ovary during pupal-adult development of Helicoverpa assitlta
injected with insect saline .

Developmental ODC l ADC
Stage Activity/ovaries® Activity/mg® Activity/ovaries®  Activity/mg’

5-day old pupa 2161+119 544+43 575424 145+3
6-day old pupa 4165218 700+39 520+22 87+3
7-day old pupa 5182+179 743+37 45417 6518
8-day old pupa 6922+312 857153 289111 36+2
9-day old pupa 9186427 991140 245+13 262
1-day old adult 12809+988 828+42 274+14 18+1

Each value represents the mean®SD obtained from three replicate experiments in 14 ovaries.
Enzyme activity represents nmol “CO, liberated/hour. ODC, ornithine decarboxylase; ADC, arginine
decarhoxylase; a, nmol/14 ovaries; b, nmol/mg wet weight

Table 2. ODC and ADC activities of ovary during pupal-adult development of Helicoverpa assulta
injected with inhibitors

. Developmental 0oDC ADC
Inhibitors
Stage Activity/ovaries®  Activity/mg” | Activity/ovaries®  Activity/mg"

5-day old pupa 829132 231+1 292+11 82+2
6-day old pupa 826136 17217 2650110 511

DFMO 7-day old pupa 1229+50 183+5 253£11 43+1
8~day old pupa 1438+.38 183+9 250+13 33+1
9-day old pupa 3621188 383+11 223+13 30x1
1-day old adult 66691199 437110 352+13 27t1
5-day old pupa 2090+12 58212 672+43 188+11
6-day old pupa 59114 123+1 50522 98+3
7-day old pupa 1281+1 190+1 218+11 372

DEMA ™ g _day old pupa | 1380210 17641 324127 4242
9-day old pupa 520138 550+2 223+13 30+2
1-day old adult 9681+99 634+4 2350+117 195+11

Each value represents the mean®SD obtained from three replicate experiments in 14 ovaries.
Enzyme activity represents nmol ¥CO, liberated/hour. ODC, ornithine decarboxylase; ADC, arginine
decarboxylase; DFMO, ¢ -difluoromethylornithine; DFMA, ¢ -difluoromethylarginine; a, nmol/14
ovaries; b, nmol/mg wet weighy\

A doluha] ok Ao F Ueldcl (Table 3, 4). gt ¢4l spermidine ¥k DFMOSF DFMAS]
ek AafiAl FUA o] AR LB HYA BF £ 5% olF o) A Aol Ay AubH
2ol sl A4 4 BtEe ARYE B o2 A4 ubiFollA] Rl ofzh U 7hS ey
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Table 3. Putrescine, spermidine, and spermine contents of ovary during pupal-adult development of
Helicoverpa assulta injected with insect saline

Developmental Mean+SD/ovaries® Mean+SD/mg’

Stage putrescine spermidine spermine putrescine spermidine  spermine
5-day old pupa  755.3£17.4  7.13%0.06 1.49%0.09 240.3+14.4 2.2610.17  0.4710.04
6-day old pupa 876179 5.8610.23 1.76+0.28 15.8+0.6 1.06£0.11  0.3210.05
7~-day old pupa 160.9£5.1 13.38+1.22  2.94+0.88 17.8+0.7 2.3610.22  0.52+0.06
8-day old pupa  514.4%36.0 6.6810.07 1.91+0.25 74.2+3.0 0.96x£0.06 0.27%0.07
9-day old pupa  98.2%+23.0 11.48+0.96  4.48+0.40 11.3+0.7 1.32+0.21  0.52+0.09
I-day old adult =~ 213.0+134  50.1843.26  7.85+0.94 14.8+0.7 3.49+0.61  0.5510.08

* Each value represents the mean+SD obtained from three replicate experiments in 14 ogvaries.

a, nmol/14 ovaries; b, nmol/mg wet weight

Table 4. Putrescine, spermidine, and spermine contents of ovary during pupal-adult

Helicoverpa assulta injected with inhibitors

development of

Developmental Mean=+SD/ovaries® Mean+SD/mg "
Inhibitors

Stage putrescine  spermidine  spermine | putrescine  spermidine  spermine
5-day old pupa| 55.5%0.7 4.2510.04 3.0710.26 | 18.0+0.5 1.38+0.09  0.99+0.07
6-day old pupa| 70.7+5.7 541+0.19 3.41+0.16 | 15.9x0.6 1.22+0.08 0.76+0.13
DFMO 7-day old pupa| 63.4%2.1 7.29£098 3.34+1.10 | 11.3%£1.0 1.31+£0.11 0.60+0.09
8-day old pupa| 156.4+7.1  550x£0.05 3.67+0.78 | 18.4+121  0.65+0.04 0.43+0.14
9-day old pupa| 57.2+109 11.5840.93 4.51%0.51 5.210.2 1.06+£0.17 0.41+0.11
I-day old adult| 136.2+2.3 46.49+2.17 14.77£1.86{ 8.8+0.1 3.15+0.56 0.95+0.14
5~day old pupa| 98.0t4.1 6.41+0.18 1.97+0.09 | 28.4+0.6 1.86+0.04 0.57+0.02
6~day old pupa; 97.4+3.0 3.39£0.09 1.9310.07 | 23.0+0.1 0.80+0.03 0.4510.01
7-day old pupa| 88.8+2.0 6.94+0.21 1.82+0.06 | 15.6+0.4 1.22+0.04  0.3210.01
DFMA 8-day old pupa| 61.5+1.7 3.65+0.09 1.63+0.03 8.4+0.3 0.50+0.05 0.2240.01
9-day old pupa| 754123 3.49+0.11  2.92+0.10 | 10.7£0.2 0.49+0.04 0.4110.02
I-day old adult| 95.5£2.0 52.18+2.03 11.81£0.54| 8.3+0.4 4.55+0.06 1.03+0.07

Each value represents the mean+SD obtained from three replicate experiments in 14 ovaries.

DFMO, a -difluoromethylornithine; DFMA, a -difluoromethylar

weight
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Fig. 2. Light microphotographs(longitudinal section) of ovariole during pupal-adult development of
Helicoverpa assulta injected with insect saline at 2-day old pupa. CC, cystocyte; FC, follicle cells;
NC, nurse cellss OC, oocyte; A, 5-day old pupa (X460); B, 6-day old pupa (X450); C, 7-day old
pupa (X450) D, 8-day old pupa (X630)% E, 9-day old pupa (X450); F, 1-day old adult (X430).
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Fig. 3. Light microphotographs(longitudinal section) of ovariole during pupal-adult development of
Helicoverpa assulta injected with inhibitors (DFMO, DFMA) at 2-day old pupa. I, DFMO-
injected; I, DFMA-injected; IA, 5-day old pupa(X475); IB, 7-day old pupa(X430); IC, 1-day old
adult(X460); IIA, 5-day old pupa(X470); IIB, 7-day old pupa(X490); IIC, 1-day old adult(X470).
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Aol Aeg]o] putrescine FHdEo] AAL=vats
putrescine®] ohd ©tE HAFTEAo) ol8l spermine
o] ¥4E A7 FZ=o polyamine T HAE
&< cadaverine, 1,3-diaminopropane, norspermidine,
norspermine 5% EAsle Ao B IE9lis wl
(Herbst®} Dion, 1970; Heby, 1972; Hamana <,
1989), ololl & AFE o2 v Fasjojof &
Aox Azt

A A4 (DFMO, DFMA)Q] Hg)A] whantay
o] WlX|& ofeke zA o g By olslol
Ak A 2 W40l Beln)Add pEkg AA
A3, b lo] A As|AY vl AAE e ki Ato)
el o w, polyamine A FA (ODC, ADC)S]
73¢9 nlx7kA 2 DFMAXTE DFMO7F 84 o
743 AAATE JeRNch A4 whAE & 59
ol vehtz] obe HAAZES vigdH ol &
71‘*‘3‘1' EoFo] AGAEE] AelAle FYAlelE=

Fol AHow, & 7ol B4 T4
A%L\_./] ok Qla &45 Aule o TATNEE
o] Td—%},]gix:}- /H"‘oﬂ/{-]“‘ XJK]— H]—AHA] L]—_QI—”‘Z"
Az olge] AAiskel F=5Edl (Hopkins®}
King, 1996), AaliAl FATolA= F& AT
el Aol w2 Jsked g =u sl
asiolom odokdE oA Aol Hrh
wheA E3tEE Zloz PaE ot (Figs. 2, 3).
oligt Ar= Aell4l (DFMO, DFMA)Q] 224
AT A o A o] S5
alge Aoz Aztslc

| =

Ll (Helicoverpa assulta) $-413 ubZol
polyamine &4 A ¢ -difluoromethylor-
nithine (DFMO)#} « —djfluoromethylarginine (DFMA)
o] ol mixlE IS EAsiich 5 71x) A
A BT i “‘—l‘%ﬂ] ek gl Afads o
Ehls Zled uhslzlon) J4e] A2k DFMO
Bk DFMAC) o8 o dxjs] zhaske Aoz o
Ehdeh DFMO i DFMAS $4] & 7247 (&
5%) $llA ODC (ornithine decarboxylase)2} ADC
(arginine decarboxylase)?] FAIT7} 27k Eols}

AN Seobyl FHE20) MAE AshAe F

Al F7RlR o, 96A7HE 6%) olFolXe a4
Aol Wkl A=t H49 putrescinedHek
< F 7 AfAl o3 BE Zdele Aoz
vebidel. spermidine ZF A Ao 2rgoy] 2
3l okzke] A uehiy ZF AiAle #2914
spermine®?] FFo] waollA ZrlEE Lwj9lE &
o] PE=| )

a2 FAIE GAAH L DFIMOE 58 1 3
£ st DFMAC osiAE A#lisEE Aog
Uebskom, whanbgo) kgl Ay
AZEZ3} vlgdx oz Agslo] Lrloe B
TR Fele] JFMEE FUH AXZATME

o REHe st WAHT, AEleAE 4
S AL S 9 ARG Fest
W gl 2085} 9e adg YAl B
CEEN
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