ISSN 2320-5407

Inegfanal Journal of Advanced Research (2016), Voldissue 7, 487-497

ISSN NO. 2320-5407

Journal homepage: http://www.journalijar.com
Journal DOI: 10.21474/I JARO1

INTERNATIONAL JOURNAL
OF ADVANCED RESEARCH

RESEARCH ARTICLE

Indoleamines regulate vitellogenesis via cross-talks with allatotrophe in the American cockroach, Periplaneta

americana

"A SM Kamruzzaman, Hironobu Asano, Susumu Hiragaki, and Makio Takeda.
Graduate School of Agricultural Science, Kobe Ursitg, 1-1 Rokkodai-cho, Nada-ku, Kobe, 657-85@khah.

Manuscript History:

Received: 12 May 2016
Final Accepted: 17 June 2016
Published Online: July 2016

Key words:

Periplaneta americana, Biogenic
amines, JHAMT/ FAMeT,
Vitellogenesis, Oocyte growth.

* Corresponding Author
A SM Kamruzzaman
asm_kzaman@hotmail.com

| ntroduction: -

Vitellogenesis in many insect species is triggeérgduvenile hormone (JH)
where other factors such as neural or endocrincébgbnes also play a
important roles. Newly emerged adult females of Ameerican cockroach,
Periplaneta americana were injected with indoleamines such as tryptamine
(Tn), N-acetyltryptamine (NATn), serotonin (5-HT)N-acetylserotonin
(NAS) and melatonin (ME) at 20, 30 and 40 ug in #ielomen. Tn and
NATnN stimulated Vg synthesis, while 5-HT, NAS andEMhhibited it. These
amines may exert the effect on either directly og 8ynthesis in the fat
body, Vg receptor, follicle cells, or JH synthedi¢e first cloned the genes
encoding juvenile hormone acid-methyltransferase (JHAMT) and
farnesoic acidO-methyl transferase (FAMeT) which are involved H J
biosynthesis. qRT-PCR analysis revealed that iradoilees affected the
expression of JHAMT and FAMeT in the Br-CA complé&HT, NAS and
ME inhibited JHAMT and FAMeT transcription, whilenTand NATnh
stimulated their transcription. The oocyte lengtid ayolk accumulation
showed that, Tn, more likely NATn induced oocytetunation. Here, the
result suggests that intricate mutual interactiosiced Vg synthesis in the
fat body during oocyte maturation between neuratratiers/modulator
pathway and JH synthesis pathways.

Copy Right, 1JAR, 2016,. All rights reserved.

Vitellogenesis occurs as an essential step forleggg animals both vertebrates and invertebratbs.insects,
vitellogenin (Vg) is synthesized in the female faidy, secreted into the hemolymph and then takerbyp
endocytotic machinery via Vg-receptors (VgRs) cawplEngelmann, 1969; Sappington and Raikhel, 198&il
and Takeda, 2005). The recent evidence has shabab distinct female-specific proteins Vgs ¢\and Vg) and
receptor mediate ovarian development in the AmaraakroachPeriplaneta americana (Bell, 1970; Engelmann,
1979; Tufail et al., 2001; Tufail and Takeda, 2005)

In these decades, it was shown that other thamdF2@E, biogenic amines are also involved in insggroductive
regulation (De Loof, 2008; Gruntenko and Rauschenp&008). JH plays a major role in the inductidnVg
synthesis in hemimetabolous insects including amagies. The action of JHIII or JH analogs upon Vigteesis
has been extensively studied, especially by usbukroaches (Engelmann, 1979; Wyatt and Davey, 1996)
americana, is a model species for examining hormonal reguabf Vg synthesis (Wyatt and Davey, 1996).
Moreover ecdysteroids such as 20-hydroxyecdysoBE)(Dlay a gonadotropic role in some insect spgeieuman
and Riddiford, 2007). Ecdysteroids, synthesizedHwgy ovarian follicular cells, stimulate Yp (an eeplnt to Vg)
synthesis in the fat body &frosophila melanogaster and Vg synthesis iAdes agypti; Vg and Yp are subsequently
taken up by ovaries (Bownes, 1989; Raikhel e2805).

487



ISSN 2320-5407 Inegfanal Journal of Advanced Research (2016), Voldissue 7, 487-497

Arylalkylamine N-acetyltransferase (aaNAT) is the penultimate erzyim indoleamine metabolic pathway.
Activities of aaNAT have been observed in variougans not only the CNS but also the midgut, andoeyictive
glands inP. americana (Asano et al., 2003; Asano and Takeda, 1998; ldkiagt al., 2015; Ichihara et al., 1997).
The activity changes along oocyte maturation (Asahal., 2003). We now investigate the causal imxahip of
aaNAT and its products with Vg synthesis via JHtBgnis.

Biogenic monoamines mediate various physiologieaicfions for homeostasis as putative neurotransrsijtt
neuromodulators, and neurohormones in insects &\380). Octopamine (OA), serotonin (5-HT) andaiojme
(DA) have been detected in the nervous system addrRericana and their involvement in vital physidbad
functions in insects (Shafi et al., 1989).

The indoleamine tryptamine (Tn) has received irgirga attention as a possible neuroregulatory saobstan
insects. InP. americana, Tn has been detected in the collateral glanddPlyC -fluorometric measurement (Asano
et al., 2003) but its functional role has not bemestigated.

It has been reported that exogenous indoleaminesilate the vitellogenesis during the absence afagotopic
hormones inBlaberus craniifer (Goudey-Perriére et al., 1990). Tn has been rezedras the precursor of indole-3-
acetic acid (IAA), the principal auxin of higherapts (Wareing and Phillips, 198that is also now located in all
major brain regions in mammalian species (Philipsale 1974). It has been reported that it functicas a
neoromodulator or neurotransmitter in the mammali&ls (Frankhuijzen and Bonta, 1974), and the distions in
the CNS have been already elucidated in rat (Rhditmal., 1974and mouse (Juorio and Durden, 1984).

We focus on the effect of indolamines acting asroleormones on the onset of vitellogenesis to iderttie
possible functions of Tn in relation to JH syntlsediiring oocyte maturation.

Material and methods:-

Insects: -

P. americana colony was established by a founder colony of iE&hemical Company (Ako, Japan) and reared
more than 30 years at 25°C under LD 12:12. Wate faod were providedd libitum. To trace the age of
experimental cockroaches, newly emerged femalet@eidre collected within 24 h of emergence (whitaches)
and kept in a transparent plastic jar (14 x 14 xi2).

Chemicals:-

The pharmaceutical grade of indoleamines were aseth from Wako Pure Chemical Industries (Osakaan)ap
Tn, NATn, 5-HT, NAS and ME. After dissolved in eti@ and diluted, the final concentration of ethamals less
than 0.01% and 0, 20, 30 and 40 pg of each amirseinjacted in the normal and neck ligatured roa¢hesugh
abdominal tegument and puncture was sealed witarih@dhesive, Aron-alpha (TOAGOSEI CO. LTD., Tokyo
Japan). Females used as controls received eitstiledi water under identical conditions.

Cloning and phylogenetic analysis:-

Total RNA was extracted from the CC-CA complex fréifty females. These CC-CA complexes were extrhdtg
RNAiso Plus (Takara, Japan) according to the sapplinstructions. Poly (ARNA was purified using a Gene Elut
mRNA miniprep Kit (Sigma, St. Louis, MO, USA). At of 500 ng of Poly (ARNA was used to construct
single-strand (ss) cDNA using ReverTra Ace kit (@og Co. Ltd., Osaka, Japan). Degenerate PCR primens
designed based on conserved regions within the JHAMI FAMeT sequences (published online).

The touchdown PCR conditions were: 10 sec for deatibn at 98°C, 30 sec for annealing at 55°C ttC4%nd 30
sec for extension at 68°C for 35 cycles with KOD MNolymerase (Toyobo, Japan). The purified fragmeas

cloned into pBluescript SKvector and sequenced with Big Dye Terminator \Gytle Sequencing Kit (Applied
Biosystems, Foster City, CA). Sequencing of thenetl insert showed it to resemble the existing JHAAMd

FAMeT sequences in databases.

Sequencing and multiple alignments were conductgdubing the GENETYX® Version 5.1.1 (Software
Development Co. Ltd., Tokyo, Japan) and BioEdit usege Alignment Editor Version 7.0.7 (Hall, 1999).
molecular phylogenetic tree employing the Neighbairing method was constructed by using the Motacul
Evolutionary Genetics Analysis (MEGA) Version 6Htp://evolgen.biol.metro-u.ac.jp/MEGA/).
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RNA extraction and cDNA synthesisfor qRT-PCR:-

Four days after injection, the brain-corpus camdmeorpus alatum (Br-CC-CA) complex and fat bodyreve
dissected in phosphate-buffered saline (PBS; pHZrmdiM KH,PQ,, 137 mM NaCl in distilled water), immediately
transferred to liquid nitrogen and then kept at°@@ntil use. Total RNA was isolated by using RNARs
reagent (Takara, Japan). For qRT-PCR, the RNA ssnphs treated with 2 units of DNase | to remoeeer
amount of genomic DNA. Two hundred fifty nanograofstotal RNA with primers using Rever Tra Ace kit
(Toyobo Co. Ltd., Osaka, Japan) was used for sgittimg the cDNA.

M easurement of MRNA levels:-

qRT-PCR was performed with the SYBR® Green and NBERBIRD™ gPCR Mix (Toyobo Co. Ltd., Osaka,
Japan), with the forward and reverse primers desigfTable 1). Cycling parameters were 95°C for h o
activate DNA polymerase, and then 40 cycles offthiewing PCR amplification with primers were penfoed
using the following temperature program; 95°C férskec and 60°C for 2 min. To confirm the speckiaf the
PCR products, melting curves were determined ugiagsoftware ABI 7000 Sequence Detection Systenpliég
Biosystems, Foster City, CA, USA). Amounts of arfipti products were calculated from cDNA standard/es
generated for each PCR run. For expression le¥edaah transcript, actin (Gene Bank: AY116670.1)NARwvas
used as the internal standard.

Table 1:- A list of primers used in the experiments.

Gene Primer sequence

Vg, Forward CCAGACATTATCAGACCTCCAGTAG
Vg; Reverse TGTAGGTTTGAAGGCCACAATAGTA
Vg, Forward CTTACACGAGGTCGCAAATCAG

Vg, Reverse CTGTCATGTGATACGTGTCTTTGAG
VgR Forward TGTCTTGTGAAGATGGATTTGTGTG
VgR Reverse CACTGTTGTCTCCACAATCATCAAA
JHAMT Forward GAAGCTCTCATAGTATTCGTGGC
JHAMT Reverse AGGATCTTCTGACTGATGGTAGG
FAMeT Forward ACTGTATGTAGGACGGGCAAAG
FAMeT Reverse CCAGTCAGCACCTCATATTCAG
Actin Forward TGAATCCTAAGGCCAACAGG

Actin Reverse ACCGGAATCCAGCACAATAC

SDS-PAGE and Western blotting analysis for measurement of oocyte maturation:-

To investigate the effect of various indoleaminesthe oocyte maturation, different indoleamine astsnand
antagonists of 5-HT receptor were injected. Cootinea were injected with each reagent at the abdamedday 0
by microsyringe at the effective dose of 20 ug. Tdiwing indoleamines, Tn, NATn, 5-HT, NAS, andByIMS
(Mianserin) a selective antagonist of 5-Hahd 5-HT,. receptor and LCO;, a depressor of 5-HT pharmacological
effect were injected. Control insects were injeckéith an equivalent volume of distilled water.

After rearing for 4 days, the ovaries of injectedngals were dissected out and the pattern of prdiends were
analyzed by SDS-PAGE with 7% gel and western-bigttvas subjected to a rabbit polyclonal antibodgyirst the
cockroach major yolk protein content (97 KDa). Aftellulose nitrate membranes were subjected tcsttuedard
3,3 -diaminobenzidine tetra-hydrochloride (DAB) ctan, following the incubation with horseradishr@edase-
conjugated goat IgG fraction against rabbit Ig@Gsth membranes were analyzed by the double-wavéldiygig
spot scanner (Shimuzu model CS-9000) in the camditihat wavelength was 570 nm in linar scannimgnb size
0.4 mm x 2.0 mm, drift line 0, minimum width 2.0 memd minimum area 2. The experiments (injectionsjew
repeated 10 times for each reagent.

Statistical analysis:-

Results were analyzed by one-way ANOVA followeddmst-hoc Turkeys’ honestly significant differend¢¢SD)
test using SPSS ver. 15 (IBM, NY, US). The datastlu@wvn as mean + S.E.M. and differences betweegrthgs
were considered as significanpi 0.05 orp< 0.01.
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Results:-

I njections of indoleaminesimpair or stimulate terminal oocyte growth:-

The injections of indoleamines at 0, 20, 30, andugCaffected terminal oocyte length during ovardi@velopment
(Fig. 1). 5-HT, NAS and ME at doses higher than2p reduced the oocyte length. However, Tn and NATn
significantly increased oocyte length at 20 pg caragd to the control, whereas it had no effect asdibse further
increased (Fig. 1).
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Figure 1:- The length of the terminal oocyte during ovarianelepment ofP. americana 4 days after injection of
indoleamines (Tn=tryptamine, NATnN-acetyltryptamine, 5-HT= serotonin, NAS%¥-acetylserotonin and ME=
melatonin). Results are expressed as the mean ardiBignificant differences (Studentiest, 1<0.05; **p <
0.01). Each treatment volume is 5, 7.5, 15 pul,eespely.

Fig. 2 shows the effects of various indoleamines/aik accumulation in the terminal oocytes. Indohaes were
injected toP. americana and their effects on the oocyte maturation wewestigated. The oocyte maturation was
evaluated as the degrees of the major yolk pratptake in the terminal oocyte. The degree of ya&umulation
was expressed in meanzSE. The injections of TnMAdn accelerated the oocyte maturation whereasttibe
injections of Nac-5-HT and ME inhibited the matimat The injections of LCO; and MS stimulated the yolk
accumulation. When MS and Tn were injected simelbarsly, yolk accumulation was further stimulatedntivhen
MS and Tn were injected singly; whereas the sinmeltaus injection of MS and 5-HT was not at all effex The
result shows that the pathway leading to ME inkithithe oocyte maturation but the pathway leadin{Ad' n
promoted the maturation. The two groups of indoie@s probably have different binding sites/receptor
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Figure 2:- Effects of various reagents (20 pg) that affedk y@cumulation. The same alphabets representtine s
significance level by ANOVA [§<0.01). Each column represents the mean of 10 rdetations. Vertical bars
represent the SEM.
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Indoleaminesregulate onset of vitellogenesisin adult females:-

The action of indoleamines and their effects onyt®anaturation were investigated in the virgin fémmaf P.
americana (Fig. 3). White females (within 12 h) were reared artificial diets and immediately injected with
different doses of indoleamines. gRT-PCR was engzldp determine Vgs and VgR mRNA levels in thebiadly

in response to various indoleamine treatments.hsva in Fig. 3, females 4 days after treated witthoieamines
demonstrated the effect on Vgs and VgR mRNA levke injection of Tn and NATn of 20 pg induced sfgaintly
increase in Vgand Vg mRNA level whereas the injection of 5-HT, NAS awét caused significant reduction of
Vgs expression in the fat body compared to cor{ff@. 3 A, B). The least activity was observed 0f 8nd 40 ug
were injected, which was a significant reductiompared to the control.

VgR mRNA level in the fat body was evaluated afigection of indoleamines. gRT-PCR was also used to
determine VgR mRNA levels. The results showed lleigenin receptor (VgR) mediates the uptaking of
vitellogenin by oocytes and plays a significanerol oocyte maturation after injection of Tn and NAwith conrol
(Fig. 3C). The result shows that the pathway legqdonME inhibited Vg synthesis but the pathway legdo Tn
stimulated Vg synthesis during oocyte maturation.
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Figure 3:- Transcriptional expression of @), Vg»(B) and VgR(C) on 4 days after injection of indatéaes in
the fat body of. americana.

Phylogenetic analysisin JH synthetic pathway:-

To monitor the effect of indoleamines on JH synithethe cDNA sequences encoding JHAMT was first PCR
amplified with degenerate primers and the firststt cONA was made from CA total RNA. The amplicgas
about 648-bp fragment, which encodes a proteinléf @nino acids. The phylogenetic analysis indicdbed the
deduced amino acid sequencePaf[HAMT (LC164750) had a high identity (60%) to thwtDiploptera punctata
(Dp) JHAMT. ThePaJHAMT also showed a relatively high amino acid ititgn(48% and 40%) to those JHAMTs
predicted from genomes &f. melanogaster andS. gregaria (Fig. 4A). It is known that all SAM-dependent mgth
transferases have a well conserved motif |, invli'e SAM binding, hh(D/E)hGXGXG, where h represeats
hydrophobic residue. The motif | dPaJHAMT (VLDLGCGPG) was nearly identical to that &fpJHAMT
(VLDVGCGPG) [Data not shownl].

Sequencing and BLAST searching revealed that tiéAcBequence shows an 725-bp ORF, encoding a profein
241 amino acids, i.e, FAMeT (LC164751). Phylogené®e was constructed based on 14 FAMeT proteinesemgs,
which revealed that the deduced protein sequenPafoAMeT is an orthoptera homolog, showing 63% idégito
FAMeTs fromS. gregaria and 51% identities tB. melanogaster. PaFAMeT also showed 56% identity at the amino
acid level toNilaparvata lugens (NI) FAMeT that is the first studied FAMeT from the &nican cockroach (Figure
4B).
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Figure 4:- Phylogenetic analysis was performed by MEGA (vers$sa0) program based on the JHAMT (A) and
FAMeT (B) amino acid sequences from various spedies phylogenetic tree was constructed using gightor-
joining algorithm method and bootstrap values (1f#titions) of the branches are indicated.

JHAMT and FAMEeT expression isregulated by indoleamine signaling:-

To investigate the effect of indoleamines at trapsion level of the genes coding for key proteingolved in JH
biosynthesis (JHAMT/FAMeT) during oocyte maturatidBene Specific primers were designed to measwge th
MRNA expression levels d?PaJHAMT and PaFAMeT transcripts in the brain-CC-CA complex Bf ameicana
adult females, that was analyzed by gRT-PCR. Ressifiiowed that indoleamine induced JHAMT/FAMeT
production by isolated BR-CA complex in a dose-aefemt manner and JHAMT seemed to be slightly more
sensitive than FAMeT (Fig. 5). Moreover, the injeaotof Tn and NATn of 20 pg induced significanthcrease in
JHAMT/FAMeT expression compared to the controlhie BR-CA complex, whereas it had no effect if doses
increased (Fig. 5). Tn was the most effective tuing the onset of vitellogenesis followed by NATRig. 5 A,

B).
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Figure5:- Relative mRNA expression of JHAMT (A) and FAMeT)(iB the BR-CA complex 4 days after injection
of indoleamines in the. americana.

Indoleamine signaling in the neck ligatured anima on vitellogenasis. -
Above result indicates that Tn has significant mhlging vitellogenesis. To investigate whether hellogenesis is
trigerred by only JH or mutual interactions with @aring oocyte maturation. mRNA level detectedgpR TPCR
of Tn (20 pg) injected female showed that expressio Vg1, Vg2 and VgR significantly increased e tfat body
(Fig. 6). Terminal oocyte length significantly ieased compared with the control group after inpectif Tn in the
neck ligatured female roaches (Fig. 7). The effédn was direct instead of via JH upregulation.

A B Cc
5 6 6
Vg, 4 Vg, * VgR T
- 4. T 51 T 54 :
Q 1 ;
>
2 4 " 41
3 *
14 34 3 =
E ,.
2 21 2
T 14 e
3 1 S
(14
0 T T 0 T T 0 T T
Control Tn injecton Control Tn injecton Control Tn injecton
Treatments Treatments Treatments

Figure 6:- Transcriptional expression of Y), Vg, (B) and VgR (C) 4 days after injection of Tn (2)of neck
ligatured P. americana. Results are expressed as the mean + S.E andicaghidifferences (Student'stest,
* .

p<0.05;).
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Figure 7:- The length of the terminal oocyte during ovariawvelepment of neck ligatureB. americana 4 days
after injection of Tn (20ug). Results are expresaedhe mean + S.E and significant differencesd@itist-test,
*p<0.05;).

Discussion: -

Tn and NATn increased terminal oocyte length (Rig.Although 5-HT had no effect on Vg uptake but 8land
ME inhibited Vg accumulation. Both MS and,CiO; accelerated the yolk accumulation (Fig. 2,Q®; has been
used to improve the mental iliness especially tlaminrdepressive psychosis (Schou et al., 1954) é&yoving
the pharmacological effects induced by 5-HT, ao#tyline and noradrenalin in the CNS (Chouinard,0)98
Co-injection of LCO; and Tn upregulated Vg accumulation more than TNATNn alone, which suggests for a
unique Tn receptor. Alternatively, 4GO; may suppress the effect of 5-HT by deleting thettsssis of 5-HT in the
CNS. Although the present data cannot determinghehéhe effect is caused by blocking 5-HT recepinding or
5-HT depletion, LICO; suppressed the effect of 5-HT and its metabolités. fact that no 5-HT was detected in the
female reproductive system during the oocyte mébma(Asano, 1995) may mean that 5-HT is derived
exogenously, probably via nervous system. The tfatt NAS and ME injection, but not 5-HT injectidnhibited
the oocyte maturation may mean that the action ASNiIf it acts as a ligand and ME are MT (ME recept
mediated.

Our recent data show that 5-HT promotes the epuitimeproliferation of the midgut . americana and that NAT
activity increases when cockroach are starved (Eawh unpublished data). The present data sugdestsvit
inhibits oocyte maturation. These data maybe cjosdhted. If there is a shortage in diet, reprdidecmaturation is
of great risk. Only when they have sufficient gtyaéind amount of diet, oocyte can mature. Whercttokroach are
starved, NAT converts 5-HT to NAS, and then to M&spectively. Sequestered NAS and ME may inhikst th
ovarian maturation.

In some insects the reproductive state, or theofdiee insect, can actually reverse the effect bfogenic amines
on the JH synthesis. Several neurotransmittergnaodved in the regulation of JH biosynthesis irtkmaches. OA
inhibits JH biosynthesis in the CA in vitro (Thoropset al., 1990). These data suggest that binagylatory
mechanisms exist in the oocyte maturatiorPoimericana; the stimulatory mechanism via the effect of Tl an
NATN, and the inhibitory mechanism via the effeEN&S and ME. Although it has not been determingdT can
regulate both of the systems. Recently it has tmeggested that the Tn binding sites have closectatal
relationship with the 5-HT receptor in vertebrat€shen and Wittenauer, 1985). Nevertheless, thetande of the
Tn binding sites both in the CNS, fat body anddhary of P. americana was not yet examined.

JH has a central role in the growth, developmemd, r@production of insects, especially vitellogénesd oocyte

development, which has also been demonstrated y ngects (Cruz et al., 2003; Guo et al., 2014ndda et al.,
2015). JH is also involved in the biogenic aminpatelent regulation of insect reproduction, butrtfeehanism of

494



ISSN 2320-5407 Inegfanal Journal of Advanced Research (2016), Voldissue 7, 487-497

action remains obscure. The present study addrdssedtablish whether JH synthesizing enzyme JHAAME
FAMeT in this cockroach are influenced by indoleaes. Any interference in JH biosynthesis, usingadbinists or
antagonists, produces anomalous development omgisoon reproduction of the target species (TamazUygun,
2004).

JH Il is the major hormone regulating Vg synthasisnany insect species (Huang et al., 2015; Tefiadl., 2014).
In N. lugens, JH Il not only stimulates Vg expression in tla body (Tufail et al., 2010), but also VgR is icat
for regulating its uptake by the developing oocyiteBl. lugens (Lu et al., 2015). IB. germanica, JH induces the
expression oBgVg both in vivo (Comas et al., 1999) and in vit@ognas et al., 2001).

For the complete biosynthetic pathway of JH Ill, identified two genes encoding for key proteins JHAand
FAMeT (Figure 4). JHAMT, a key enzyme that is inved in the JH biosynthesis, has been reportedHer t
expression of the Vg gene (Huang et al., 2015;haadrathy et al., 2010). @eratitis capitata, FAMeT also is
involved in biosynthetic pathways (Vannini et &0Q10). Indoleamines also affect JH biosynthesigufE 3).
Biogenic amines are derived from the central nesvaystem by various distinct routes, e.g. as neamsinitters via
peripheral nervous system, as neurohormones oomaatulators via neurohemal organs (Davis, 1985ndgan
and Berlind, 1984; Orchard et al., 1986; Scottletl®85)and by enzymatic regulation. Precise network shbeld
disentangled in the future study.

In cockroaches, JH regulates, either directly alirectly, both the synthesis of Vg, and its incagimn into the

oocyte development (Engelmann, 1969; Koeppe et1&88). In Bluberus craniifer, cockroach, the juvenile
hormone, and indolamines may play a combine rothénuptake of haemolymphatic proteins by oocy@&asudey-

Perriére et al., 1991). Our data indicate that lawhines can stimulate JH producing glands (corpdleda), but at
the same time Tn injected neck-ligated cockroaawslll increased Vgs/VgR expression, indicating Thagction

was direct. In conclusion, (1) Vitellogenesis isegulated by the injection of Tn and NATn but doagulated by
NAS and ME. (2) Action of Tn was both direct andlinect via JH regulation, evidence of cross-talktwszn

monoamines and sesquiterpenoid routes.
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