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ABSTRACT. Nourosecrolory edi s of lho norvnus syslOIll of Ihi rd- inslar larvae of 
Anas/rcphll o"'iqll{/ Macquarl. I ~3) wo ro localod aml lksc ri hod hisloll1orphologi­
ca lly . Six groups 01' Ill.! 1I rosI.! \.: rdll r y edi s WI.! I\: idl.!nti lil.!u in th l.! hrain anu Oll!.! g ro up 

in th\.! vl.! ntra l gang li ll ll . Th\.! grollps d ifkn::u in pnsition. cdl sizl.! am.J slaining 

charéll . .: tl.!ristics. FOllr 01' thl.!sl.! gr~'lIp s appl.!ar to hl.! active lhroughout lhe th ird instar 
and th n!\.!. fnHll th \.! prl.!pupa l f! l.! rinJ . 
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Nell roseereto ry edis are classieall y uetined as nellrons that synthet ize 
peptiues (nellrohormones), whieh are rdeaseu into the hlooustream anu aet at a 
di stanee (SCHARR ER 1977; KRIEGER 1983; LAFONT 199 1). Touay . however , it is 
also know that the same nellron ean proullee peptiues as wd l as monoamines, anu 
that a neurosec ret ion may also aet as nellrotransmitters anu nell romoulllators 
(HOKFELT (' llIl. 1980; ORC HARD 1982; RAABE 1989; ORCHARD el a/. 1992) . 

Nell rosee retory system, in essenee, takes informati on from ollts iue and 
insiue the animal, sereens, processes, anu in tegrates everything, anu the n direets 
the app ropriate ac tion or act ivity (G RI ER 1984). Spec i fiea ll y ullring the larval s tage . 
it reglll ates the initiati on of the mOlllting process anu later growth hy controlling 
the acti vities o f enuoc rine glanus (NORMAN 1965 ; CAZAL el a I. 197 1; BUGHT & 
W EN HAN 1976 : G ILBERT ef a/. 1980 : GRANGER & BOLLENBAC HER 198 1; AGU I 
ef a!. 1980; SEDLAK 1985 ; HEN RICH ('I aI. 1987). FlIthermon", aI the enu of the 
larval stage, it inullces uifferentiati on of aUlllt pr imorui a (LOCKE 198 1), aml 
mdamorphos is events (ZDAREK 1980). 

Nellrosee retory ed is are presenl in the enlire ne rvolls system (RAABE 1989; 
ORCHAR D & LOUG HTON 1985), anu ana logous grollps have heen detected in 
severa I insects. 

A sllrvey a f the literatllre showeu the ahsenee o f stllui es on the nellroseerc::­
to ry edIs ofA. ohliqua Maequart , 1835. Thi s fruit tl y is a pest, whose larval stage 
causes eno rmous uamage to the fruit -growing inuustry , anu stuuies of its nell rose­
cretory system are essenti al for the unJerstanuing of its physiology of uevdopment. 
So thi s paper uesc rihes hi stomorpholog iea ll y the PF-pos iti ve neuroseerdory ed is 
of thi ru-instar A. ohliqua larvae. 

I) Dl.!part alll~nt o dI.! Bio log ia . Fa ~ lIldadl.! <.k Fill)So lia. C i~ n l: i a s lo! utras UI.! Rih l.! irãn Pn: tn . Univl!l'sidad\! 
do S,i" Pa ulo. Av. BaI1lkiranlcs 3'i(Xl. 14040-':iOI Riboirão Prolo. Sã" Paulo. Brasil. 
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MATERIAL ANO METHOOS 

A. ol!liqu{/ larva~ w~r~ ohtain~ú in th~ lahoratory from wilú aúults inf~sting 
SpllJldim jJlIIjJure{/ Linna~us (eêriguda) fruits eolléetcú anú maintaineú aecorúing 
to th~ I11dhoús us~ú hy BRESSAN (1981), POLLONI (1981) anú SILVA el {/1. (1985). 

D~vdoping larvae w~re maintainéÚ on nutritionally dficient úid (oid-2) 
(SIMôES-JORGE 1987), which containeú a mixture of hr~wer's y~ast , sucros~, 

stareh, agar, propionic aeiú, nipagin anú distilleo watcr. Larva~ Wer~ kept in a 
wooú ehal11her with a th~rmostat maintaining at lél11p~ratllr~ of 25 "C anú with 
approxil11atdy 75 % rdativ~ hUl11iúity . Larval stag~s w~re reeogniz~ú on th~ hasis 
of morphology anú eolour of huecal hooks aecorúing to TELES DA SILVA (1978) . 

On eaeh úay of th~ thirú larval instar, ~xc~pt th~ thirú anú II th oays , tcn 
larva~ w~re úissecléú anú th~ eOl11plcx hrain-v~ntral ganglion-Weisl11ann glanú sd 
was fix~ú in Bouin's for 24 hours. After stanúarú ~l11h~úúing in paraftin, 
longituúinal anú transversal serial s~dions w~r~ eut ano stain~o hy th~ paraloe­
hyde-fucsin tcehniqu~ of EWEN (1962) tór th~ n~uros~crdory produets of ins~ets . 

Ali larva~, which wer~ used in th~ rr~s~nt work, haú pass~ú to third instar on the 
six th post-hatching úa y. Furth~rl11or~ , the larvae of the same age useú in th~ pr~sent 
stuúy were those which presenteú similar weight anú length. 

Di ftú~nt groups of nellroseerdory edis in the thirú instar were úderl11in~ú 
anú phases were descrih~d on the hasis of th~ eytoplasll1ic staining of thes~ edis. 
Neuroseerdory edis hdonging to th~ various widest and shortcst edlular anú 
nuclear dial11ders w~r~ l11~asured. 

RESULTS 

S~v~n groups of n~uros~erdory edis wer~ i(léntiti~d in th~ nervous systel11 
of third-instar A. ol!liqulI larva~. Of th~s~, six wer~ founo in ~aeh hrain h~misphere 
ano on~ in th~ v~ntral ganglion (Fig. I), as o~scrih~ú bdow: 

G ROUI' I - is form~ú hy Iwo edis locateú in Ih~ oorso-ant~rior r~gion of lhe hrain 
clos~ lo Ih~ .illndion of Ih~ two hrain hemispher~s in lhe pars intereerehralis (Fig. 

I a-a'). These edis hav~ a maXil11111l1 eell size of 4x5~ll11 anú a maXil1111111 nuclear 

siz~ of 2x3~ll11 (Fig. 2). 

GIWUI' 2, Consists of on~ edl loeated in the ventro-anterior region of lhe hrain 
hel11isph~r~s hut in th~ sal11e diredion as that ofgroup I (Fig. I a-a '). The l11aximlll11 

cdl anú nucl~ar úial11d~rs of this cdl are 4x6~lm anú 2x3~ll11, respectivdy. 
Vaeuol~s ar~ normally ohs~rv~ú in th~s~ edis (Fig. 3). 

GIWUI' 3. Has nin~ to fourt~~n edis loealéú in th~ dorso-anterior r~gion of the 
brain h~l11isph~rs (Fig. I a-a'). Th~ maxil11um approximat~ cdl dial11ders ()fth~se 

edis ar~ 5x7~lll1, and the nueléar dial11~lérs, 2x3~lm. Th~s~ edis may pres~nt 
vacuol~s (Fig. 4). 

GltOUl' 4. Has fOllr sll1all edis more or léss oval in shape with 111 a x i 111 li 111 cdllllar 

anú nueléar siz~s of ahout 3x4~ll1l anú 2x3flll1, res~etivdy. This group is dd~ctcú 
in the úorso-Iateral r~gion of th~ hrain hell1isph~r~s (Figs 1 h-h'; 5). 
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Fig . I . ( A) Schclllatic dor,al view o," the nervous systelll or third-instar Anas/repila obliqua larva" 

showing the position o," the transversal sectiDns a-a' , h-h'. c-c' and d-,I". (B) Diagrallls showing the 
locatiDn Dr ncurosccretory cdl g roups (hlack dots) in the navous sysklll Df third-instar A. nhliqlla 
larval.!. aç~nnling ln th\.! sl.!dinning planl.!s . ...:: hrain; vg: vl.!ntral gang li~)n: 1-7: Ill.!urns\'!l:rdory cdI 
grnups: AR . PR : anll.!rinr and I ll)sh:f'i~}r fl.!giollS. 

GIWUI' 5, Consists of two edis loeateJ dose to the traeheal opening in the 
dorso-posterior region of the hrain (Fig. I c-{; '). Their arproximate maximllm 

cd lular and nlldear sizes are 3x5~1I11 anJ 2x3~II11, respectivdy (Fig. 6). 

GROUI' 6, Is túrmeJ hy one cdlloea ted in the ventro-posterior region of the hrain 

(Fig. I c-c') whieh measlIres a l11aximlll11 of 3x5~1I11 ano has a nuclells of 2x3~lm 
(Fig. 7). 

GROUI' 7, Has variOll~ ce lls dislribllted along the ventral ganglion and always 
around the medllllary region of lhe lalter (Fig. I d-<.l'). These cdls reach cell 

diameters of 3x4~lm and nlldear oiameters of I x2~lm (Fig. 8). 

The nellroseeretory cdls Jetected in the hrain hemispheres (group 1-6) are 
ali unipolar, whereas those locakJ in the ventral ganglion (group 7) are hipolar 
(Figs 2-8). 
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Figs 2-). Sl;h(:mati~ lighl-~all1~ra Jrawing ofgrllups I. 2. 3 . ..J and S n~lIros(:~I\.:lüry ~(: lI s tlfthinl -instar 
AlIlIsr/'ephll ohli<Jl/lI larvae. respeclivdy. ageu "ne (a). Iw" (h). seve n (c). deven (d) fl)ur\een (e). 
SI.!Yl.!llh!\!J1 (I) and lw\!nty-onl.! (g) days l)f lif~. showing variat ions in th~ ét llllluntnf Ih!un)~(:c rdory pn,:sl.!llt 

in th\.! <.:y toplaSlll (hla~k uüts) aml im.:rl!asi ng \.:(: 11 sizl! with larva l agI.!. 

Dllring thé first days of thé third larval instar, group 2 and 3 edIs UndérWént 
a considérahly markéd incréasé in volllmé (Figs 3 and 4). Thé samé was obsérVéd 
for grollps I and 4 (Figs 2 and 5). Groups 5, 6 and 7 Wéré only idéntifiéd dllring 
thé prépupal phasé. 

Thé néllrosécrdory cd Is of grollpS 1-4 showed ehanging c ytoplasm staining 
dllring thé eourse of the instar (Tah. L Figs 2. 3, 4 and 5). Thésé variations Wéré 
representéd hy thé t()llowing symhols: 

0- thé cytoplasm stains greén. 

+ - thé cytoplasm stains light gray. 

+ + - thé cytoplasl1l slains purplé hut staining is not uniforl1l , i. ('., theré 
aré régions with deeply slainéd granulés and régions wilh only a te:w or no stainéd 
granulés. At timés, stainéd malérial can hé ohsérved in lhe axon régi on. 

+ + + - thé cytoplasm is fully stainéu purplé and is cO l1lplddy tilled with 
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Fig' 6-l! . Sdlel1latic light -ca l1laa drawi ng of' grollp 5. 6 aml 7 nellro,ecrd l>ry ce ll , o f' whitc Anos/repila 

ohliqua prepll pac. 

T ab l.: r. Cytopla' l1l ' ta ining in nellr",eCfctlll'y cd Is 0 1' gro llps I . 2. 4 . 5 . 6 aml 7 f'ro l1l third-instar 
Anas/repha ohliq(/{/ la rvae amll'repllpal pha"e (PP). 

A 2 4 5 6 7 

01 ++ + + + O O O 

02 + + + + ++ O O O 

04 +++ + + + + ... + O O O 

05 + + + O O O 

06 O + + O O O O 

07 + + + + + O O O 

08 O + + + O O O O 

09 ++ ++ O O O O 

10 + +++ + O O O 

11 + ++ + O O O 

12 + + ++ + + O O O 

14 O + + + + + O O O 

16 + +++ + O O O 

17 ++ +++ + + O O O 

19 O ++ + + O O O 

20 + + ++ + + O O O 

21 O + + + + + + O O O 
pp + + +++ + + + ++ ++ 

A: Third-instar days . 
O: Grcen-staining cytoplasl1l: +: light gray cytoplas l1l : + +: pU'l>I" cytoplas l1l w ith instai ncd reg ions: 
+ + +: lIni l(m nly Pll'l' k -staincu <;ytoplas l1l . 
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Tahle II. Numher "I" grllup 3 n"ur<lSeCr"lmy edis in "ach brain h"mispher" (8) 01" lhe Ihird-inslar 
An{/Sl"~",,{/ obliljllll larva" 01" idenlical aml diflú"nl age, (A). aml varialions in cyloplasm slaining in 
lhe cd ls of each h"mis,,""re (C). 

A B 

01 09 -09 9 + + 
02 10-10 5+ 5+ + 

04 10-10 2 + 5 + + 

05 12-10 6+ 6+ + 

06 11 -10 9+ 2+ + 
07 11-10 6+ 4 + + 

08 11 -10 7 + 3 + + 
10-10 6+ 4 + + 

09 11 -11 6+ 5 + + 
10 11 -11 8+ 3 + + 

11 -10 8+ 
11 11 -10 6+ 5 + + 

11 -10 7 + 3 + + 
12 12-12 7 + 2+ + 

14 11 -10 8+ 

16 11 -10 6 + 2 + + 
12-11 6+ 3 + + 

17 10-10 6+ 3 + + 

14-11 7+ 5 + + 

18 13-12 8+ 4 + + 

20 14-12 9+ 5+ + 
21 11 -10 6+ 4 + + 
pp 11 -10 9 + + 

3 + + + 

3 + + + 

1 + + + 

3 + + + 

1 + + + 
3 + + + 

3 + + + 

3 + + + 

3 + + + 

3 + + + 

1 + + + 

1 + + + 

2 + + + 

C 

5+ 

4+ 

6 + 

9+ 
5+ 

6+ 

8+ 

6+ 

9+ 

7+ 

5+ 
6+ 

6+ 

6+ 

6+ 

6+ 

6+ 

8+ 

8+ 

5+ 

5+ 

9 + + 

3 + + 

4 + + 
4 + + 

1 + + 

3 + + 
4+ + 

2 + + 

5 + + 

2+ + 

2+ + 

5 + + 
2 + + 

2+ + 

3 + + 

3 + + 

3 + + 

3 + + 

6 + + 

6+ + 

10 + + 

2+ + + 

2+ + + 

1 + + + 

2+ + + 

4 +++ 

4 + + + 
4 + + + 
2 + + + 
1 + + + 

1 + + + 

1 + + + 

+: li ghl gray cytop lasm: + +: purpk cylllplasm wilh inslailled regions: + + +: uniformly purpl"­
slainl.!d l,:ytllplasm. 

uensdy aecumulateu staineu granules. At times the nueleus is pao rly visihle uUe 
to the aeeumulation of surrounuing staineu material. 

The ui tlerence in cytoplasm staining as abo déleeteu between group 3 edis 
in the same hemisphere and in opposite hemispheres of the same indiviuual or af 
uistinct indiviuuals (Tah. II ): 

The ey toplasm of the neurosee réla ry edis of groups 5, 6 and 7 was s tained 
light purple (+ + ). 

Purple-stained material was uéleç!eu in the eytoplasm or prothoraeie gland 
edis anu in the (;() rpora çaruiaça region of white prepupae. 

DISCUSSION 

The groups of PF-posi tive neurosee retory edis of the nervous system of A. 
ohliqua larvae show eorréspandel1(;é in the loeation, staining and numOer of edis 
with those af Luci/iII ('{{('sal' LinnaelL~, 1758 , SorcophaRII hullara Parker, 1916 
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(Sareophagidae) aml Calliphol"ll (,/~Vl/i/"O("ephlllll Meigen, 1830 (Calliphoridae) 
larvae (ali oflhem Diplera Cydorrhaphal sludied hy FRASER (1959 a,h) , DOGRA 
& TANDAN (1965) anc] VERNIER & VERNIER (1969), respeelivdy . 

Groups I and 2 of lhe neuroseerdory edis of A. ohliquil are equivalenl lo 
group I and 20fL. ('([eS(lr and C. l'I)'l/irocephillil. and b'J"ouP 1 and 30fSilrcopha!ia 
rufico/"llis (Fahrieius. 1794) . However. iI exisls in C. e/)'lhrocephala an addilional 
eell (three rather than two). 

Graup 3 of A. ohliquiI eorresponds to group 2 of S. rujicornis am] group 3 
of C. l'/)'lhrocep/Illlil. hut Ihese speeies have a dlslinel numher of eells. This group 
presenls 20-22 edis in S. rlljimrllis, 12 in C. (,/)'I/irocep/lllla and 18-26 in A. 
ohliqua. As in S. rujiClirnis , in A. oh/iquiI this group does nol present eorrespon­
denee bdween edl numher and variation in eytoplaslll slaining, helwee:n opposite 
hrain hemispheres , or hetween larvae of the same age. These varialions seem lo 
indieale Ihal groups 3 (wilh 4 eells) and 4 (with 7 edis) of L. cae.mr eorrespond 
lo group 3 of A. ohliqua. Thus, the uitlerenee in numher of group 3 edis among 
Ihese four speeies may he uue lo variations in the amount of neuroseerdion. 

Group 4 of A. ohliqua is equivalent to group 5 of L. caesar, group 4 of S. 
rujicornis and group 6 of C. e/)'I/irocep//(/liI. However. in C. (,/)'lhrocep/llIl11 lhe 
nUlllher of edis in eaeh helllisphere is smaller Ihan in lhe other speeies. i .e., there 
are Ihre:e ralher Ihat four edis. 

Group 5 of A. o/JIiqllll represe:nts group 6 ofL. ('ileSllr and group 5 of C. 
e/~Vlhrocep/U/liI . These speeies present e:qual nUlllher of edl, i.e: ., two edis. This 
group was nol ohserved in S. rujicorllis . 

Group 6 of A. ohliqlla was observed only in C. e/)'lhrocep/1lI1i1. ln Ihis 
spe:cies, group 6 has three edIs in eaeh hemisphere:. whereas in A. ohliqllil it only 
has one. 

Group 7 of A. ohliqUll was ddeeted only in L. cell.lar. 

The existence of rdalionship hetween the PF-positive edis of these specie:s 
hdonging lo four di tferent fal11ilies eo lahorates the assul11plion Ihat Ihese neurose­
eretory edis groups were eonserveu in the Cyclorrhapha evolutive processo 

Although the neurosecrdory edis of groups I. 2. 3 anu 4 of A. ohliqllll 
presented varialion in lhe alllounl 01' neuroseerdion Ih roughout lhe slage and even 
ahsence of neurosecrdion (groups I anu 4), our data provide no explanation for 
the origin of Ihese changes, i. e. , whether Ihey were due lo a proeess of synlhesis 
or of secrdion. However, lhe eonlinuous pre:senee of neuroseerdion in group 2 
and 3 during lhe third instar indicates that the:se groups may he rdated lo lhe: 
larval-pupal moult or l11damorphosis evenls. 

The presence of stained suhstanees ohserved inside lhe edis of lhe 
prothoracie gland of A. ohliqllll uuring the prepupal phase was also ohserved in 
C. ('/~Vlhrocep/llIli1 hy VERNIER & VERNIER (1969) during the posl-feeding period. 
SLOPER (1957, 1958 ilpud FRASER 1959a) and later FRIEDEL el ai. (1980) 
delermined Ihal this suhstanee is the amino aeiu eysline. 

Our dala show Ihat lhe NSC of groups 2 and 3 seelll lo reaeh Iheir maximulll 
size on lhe 71h day of Ihird instar. This suggests the possihility Ihal larval system 

Revta bras. Zool. 11 (4): 673 - 682.1994 



680 BOLELI eC aI. 

readl maximum growth during the first days 01' third instar, a fact that Illay be 
advantageous or even necessary túr a larva who has lhe important role of assuring 
successful pupal devdopmenl hy lhe accumulation 01' large amounts 01' nutritional 
reserves. 
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