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Among the  neuro transm itters of insects th e  presence of biogenic m ono
am ines was first investigated  in th e  whole body ex tracts  where dopam ine, n o r
adrenaline as well as adrenaline were detected  (Ös t l u n d , 1953; v. E u l e r , 
1961).

Using the  fluorescence histochem ical m ethod described by  F alck  and  
H il l a r p , num erous papers have been published concerning th e  localization 
of the  biogenic monoamines in the  cen tral nervous system  of insects (F ro n ta li 
and  N o r b e r g , 1966; P l o tn ik o v a , 1967; F r o n t a l i, 1968; K le m m , 1968; 
1971; Ma n c in i and  F r o n t a l i, 1970; Ce c h  and  K n o z , 1970; E lo esso n  and  
K lem m , 1972; Sch ü rm a n n  and  K le m m , 1973). K lem m  (1971 a) investigated  
w ith  th a t m ethod the  d istribu tion  of biogenic m onoam ines even in th e  stom ato- 
gastric nervous system  and  in th e  corpora cardiaca of Schistocerca 
grey aria.

Serotonin, noradrenaline and  dopam ine have been dem onstrated  in 
body fragm ents containing the  central nervous system  o f various insects 
(Gersch  e t al., 1961; F r o n ta li and  H ä g g en d a l , 1969; H ir ip i  and  S .-R ózsa ,
1973).

M icrospectrofluorim etric m easurem ents have been reported  only re 
cently  (B jö r k l u n d  e t al., 1970; K lem m  and  B jö r k l u n d  1971; E lo fsso n  
and  K lem m , 1972; Sch ü rm a n n  an d  K l e m m , 1973). M ainly dopam ine and  less 
frequently  noradrenaline have been detected. Serotonin was also found in 
the optic lobe of some insects (E lo fsso n  and  K le m m , 1972).

The d istribu tion  of biogenic m onoam ines is n o t uniform  in every respect 
in  th e  central nervous system  of insects even in  closely re la ted  species. In  
certain  p arts  of th e  bra in  there  is a  specific fluorescence in  all species investig
ated , b u t in o ther ones i t  varies. The d a ta  regarding the  presence of serotonin 
are contradictory . In  spite of the  fact th a t  serotonin had  been dem onstrated  
for exam ple in Periplaneta ex trac t containing the  bra in  as well as th e  corpora 
cardiaca and  corpora a lla ta  (Ge r sc h  e t al., 1961), F r o n ta li an d  N o r b er g  
(1966) failed to  find  any  yellow fluorescence using th e  fluorescence histochem 
ical m ethod, corresponding to  the  fluorophore of serotonin. Serotonin was no t 
detected  in Anabolia nervosa (Trichoptera) either in  th e  ex trac t of th e  whole 
head (K lem m  and  B jö r k l u n d , 1971) or during th e  fluorescence histochem ical 
investigation of supra- and  suboesophageal ganglia (K le m m , 1968; 1971).
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In  th e  central nervous system  of Locusta migratoria migratorioides R . F . 
only some p arts  of the  ven tra l cord and  th e  tritocerebru  m o f the  brain  have 
been investigated  by  m eans of the fluorescence histochem ical m ethod (P l o t 
n ik o v a  and  G o v y r in , 1966; P l o t n ik o v a , 1967).

The present work was in tended p a rtly  a t  com paring th e  d istribution 
of nerve elem ents containing biogenic m onoamines in various p arts  of the  
brain  (proto-, deuto- and  tritocerebrum , except the  optic lobe), and  p artly  
a t  investigating m icrospectrofluorim etrically the  presence of serotonin the 
relatively  great am ounts of which were found during biochemical analyses of 
locusts (H ir ip i  and  S .-R ózsa , 1973).

Material and methods

A dult specimens of Locusta migratoria migratorioides R . F . of bo th  sexes 
were used for investigations. W e had  to  m odify in p a r t the  fluorescence histo
chemical m ethod described by F alck  and  Ow m an  (1965), since th e  param eters 
of reaction elaborated  on vertebrates failed to  give acceptable results. K lem m  
(1968) also reported  on m ethodical difficulties. Our m odifications concerned 
th e  conditions of reaction.

The brains w ithout the  optic lobes were quenched in isopentane cooled 
by  liquid nitrogen and  freeze-dried in an  appara tus type HVG 1 (Ilm eneau, 
GDR). The cooling agent was d ry  ice-aceton m ix ture and  th e  end vacuum  
reached 10_s Torr. The form aldehyde trea tm en t was carried ou t w ith  p a ra 
form aldehyde of 80%  relative hum idity  for 30 min a t  80° C (during experi
m ents durations from  15 min. till 3 hours this tim e proved to  be optim al). 
A fter trea tm en t the m aterial was kept in a closed vessel over phosphorus pent- 
oxide for 1 hour a t  room  tem peratu re  in darkness. Em bedding in paraffin  
lasted  1 hour a t  60° C in vacuo. The specificity of fluorescence reaction was 
tes ted  on a m aterial, hea ted  (30 m in a t  80° C) w ithout form aldehyde gas. 
Serial sections of abou t 10 microns were either uncovered or covered w ith 
E n tellan  (Merck) +  10%  xylene, however, th e  m ajority  of m icrographs were 
tak en  from  uncovered slides. Zeiss N U 2 microscope was used as a fluorescence 
microscope w ith RG12 excita tion  and  O G l ocular filters. The light source 
was HBO 200 m ercury-vapour lam p.

M icrospectrofluorim etric analysis was carried out from  the  protocerebral 
lobe containing fluorescence fibres and  from  the  cen tral body. Leitz-M PV 
cytophotom eter a ttach ed  to  Leitz O rtholux I I  microscope was used w ith a 
photom ultip lier ty p e  RCA IP-21. Suitable interference filters were applied 
for tak ing  the  excitation  and  emission spectra. The correction of curves and 
the  fu rther details are described elsewhere (Zs .-N agy  and  D e á k , 1973). For 
chemical identification of fluorophores, the  deparaffinized sections were trea ted  
w ith HCl-vapour according to  the  m ethod of B jö r k l u n d  et al. (1968).

Results

W e found only green fluorescence in  th e  p arts  of th e  locust-brain (proto-, 
deuto- and  tritocerebrum , except the  optic lobe). According to  th e  controls, 
the  fluorescence was the  result of form aldehyde trea tm en t, i.e. specific to  the



87

biogenic m onoam ines. The m ost intensive fluorescence reaction occurred in 
the  cen tral body and  in some p arts  of the  corpora pedunculata. The charac
teristic  features of parts of the  brain  term ed according to  B u llock  and  
H o r r id g e  (1965) is now described in detail.

I. Protocerebrum

1. Corpora pedunculata: The perikaryon layer and  the  calyx neuropile 
contained no fluorescing elem ents. The p arts  of the  pedunculus ad jacen t to  
the  calyx displayed intensely fluorescing varicose fibres o f ra th e r short d ia
m eter, running nearly  parallel to  the  long axis of th e  pedunculus (F ig. 1). 
In  oblique or longitudinal sections of the  pedunculus, a narrow  fluorescence- 
free stripe could be observed running centrally  over whole pedunculus.

The fluorescence reaction was m ore intense in the  alpha and  b e ta  lobes 
th an  th a t of the  pedunculus. In  the  sections of given thickness single fibres 
were no t separated  ( Fig. 2). The fluorescence showed some layering perpend i
cular to  the  longitudinal axis in bo th  lobes b u t m ainly in th e  b e ta  lobe.

2. Central body: I t  showed very  intense fluorescence in th e  centre of 
the  brain  consisting of two parts . Fluorescence was more intense in th e  dorsal 
p a r t showing a sep ta te  shape like a fan ( Fig. 3). The ven tra l p a r t was of paler 
fluorescence and  o f more homogeneous in appearance. The pictures give the  
impression th a t the  fluorescing fibre bundles of th e  dorsal p a r t pass over into 
th e  ven tra l one a t  some places (Fig. 3).

F ig. 1. B eginning o f th e  peduncu lu s of 
m ushroom  body . F ro n ta l section , x  470. 
(A rrow  ind ica tes th e  dorsal d irec tion  in  

each  m icrograph .)

F ig. 2. The a lp h a  (a.) an d  th e  b e ta  ( ß )  
lobes o f m ushroom  body . F ro n ta l section , 

X 19Ó
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3. O ther protocerebral parts: The definite s tructu res m entioned above 
are surrounded by  the  protocerebral neuropile. Scattered  varicose, green 
fluorescing fibres were found even in th is neuropile. These fibres form ed groups 
in  some p arts  ( Fig. 5), while there were only few of them  elsewhere ( Fig. 4). 
Especially num erous fluorescing fibres were seen around  th e  alpha lobe and  
in  th e  v icin ity  of the  fron ta l p a r t of the  central body, as well as in the  fibre 
bundles running tow ard  the  optic lobe ( Fig. 5).

In  th e  protocerebrum  green fluorescing perikarya were also visible. 
They were solitary  or grouped in th e  pars intercerebralis (Fig. 6 and  7). 
F u rth e r investigations will reveal th e  topography and  connections of those 
cells.

F ig. 3. C en tra l body . The dorsa l an d  v e n tra l p o rtions are  w ell sep a ra ted . F ro n ta l section ,
X 190

F ig . 4. S ca tte red  varicose fib res  in  th e  p ro to ce reb ra l lobe. F ro n ta l  sec tion , X 470.
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F ig. 5. D e ta il from  th e  p ro to ce reb ra l lobe. T he fluo resc ing  varicose fib res a re  con 
c e n tra te d  here  an d  ru n  to w ard  th e  op tice  lobe. F ro n ta l sec tion , X 250.
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>

F ig. 6. S o lita ry  fluorescing  p e rik a ry o n  in  
th e  p a rs  in te rcereb ra lis . F ro n ta l section , 

X 470

F ig . 7. G rouped  fluorescing  p e rik a ry a  in  
th e  p a rs  in te rcereb ra lis . F ro n ta l sec tion , 

X 470

I I .  Deutocerebrum
W e failed to  observe any  specific fluorescence in th is p a r t  of th e  brain. 

I t  should be no ted  th a t  th e  s tru c tu ra l preservation of this region was always 
worse th an  th a t  o f the  o ther parts , therefore the  absence of specific fluorescence 
should be n o t in tergreted  as an absence of biogenic monoamines.

I I I .  Tritocerebrum

The neuropile contained uniform ly d istribu ted  green fluorescin gfibres. 
In  some places th e  varicose fibres were concentrated  according to  the  descrip
tion of P lo tn ik o v a  and  G o v y r in  (1966) concerning th is area of the  brain .

M  ic rospect rofluo r i met ry :

1. E xcita tion  spectra: The excitation  spectra  were registered in 3 q u ad r
angular regions of 20 x  20 /t2 size of b o th  the  cen tral body an d  the  fluorescing 
fibres of the  neuropile of the  protocerebral lobe. The averages of these m easure
m ents are shown in Figs 8 and  9. The excitation  m axim um  is a t  425 nm  cor
responding to  th a t  of the  fluorophore originating from the  catecholam ines.
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Fig. 8. E x c ita tio n  (left) and  em ission (righ t) sp ec tra  o f  th e  fluo rophore  in  th e  p ro to 
ce reb ra l neuropile. The sp ec tra  a re  expressed  as re la tiv e  q u a n ta  versus w aveleng th

C orrected  curves
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Fig. 9. E x c ita tio n  (left) an d  em ission (righ t) sp ec tra  o f th e  fluo rophore  o f c en tra l body  
T he sp ec tra  are  expressed  as re la tiv e  q u a n ta  versus w aveleng th . C orrected  curves

2. Em ission spectra: The emission spectra  were recorded a t  an  excitation 
w ave-length o f 410 nm. U nder given m ethodical conditions (Z s .-N a g y  and  
D e á k , 1973) th e  recording of th e  emission spectrum  was possible from  470 nm. 
A reas of 1 0 x 4 0  iF containing a t  least 2 — 3 varicose fibres were m easured in 
order to  achieve the  necessary intensities. The corrected curves are shown 
in Figs 8 and  ,9. The emission m axim um  is a t  482 nm  and  th e  curve is cha
racteristic  of recordings ob tained  from  v erteb ra te  nerve elem ents containing 
only catecholam ines (B jö rk ltin d  et ah, 1968). There are no o ther m axim a or 
p la teau  on the  curves indicating the  sim ultaneous presence of catecholam ines 
an d  serotonin (Möllm ann  e t ah, 1972) in th e  p arts  o f the  bra in  under in 
vestigation.
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R esults o f exposure to  HCl-vapour: The excitation  spectrum  was altered  
already  a fte r very short trea tm en ts of 20 - 30 seconds in so far as the  m axim um  
sh ifted  to  shorter wave-lengths of abou t 390 nm. E x tend ing  th e  tim e of t r e a t
m ent to  2 m inutes the  m axim um  sh ifted  fu rther to  380 nm. F u rth e r increase 
o f the  exposure tim e to  4 —5 min induced no change of the  m axim um . A fter 
exposures longer th an  4 min strong background fluorescence appeared, th e re 
fore, the  m easurem ents becam e impossible. These results show th a t  the  fluoro- 
phore present in the  neurons originates m ainly from  dopam ine (B jö r k l u n d  
e t ah, 1968).

Using the  fluorescence microscope w ith  BG12 excitation filter, we failed 
to  observe any  changes a fte r H C l-treatm ent. This is in accordance w ith  the  
facts m entioned above.

Discussion

Our results p a rtly  agree, p a rtly  disagree w ith  th e  d a ta  ob tained  on other 
O rthoptera and  T richoptera species. A part from  the  pedunculus of mushroom 
body specific fluorescence had  been detected  in every p a r t  of th e  bra in  of 
o ther species where we observed too (F ro n ta li and  N o r b e r g , 1966; F r o n - 
t a l i, 1968; P l o tn ik o v a  and  Go v y r in , 1966; P l o tn ik o v a , 1967; K lem m , 
1968; 1971; Ma n c in i and  F r o n t a l i, 1970; K lem m  and  B jö r k l u n d , 1971). 
As regards the  pedunculus, the  lite rary  d a ta  are contradictory . Specific flu o r
escence could n o t been detected  in th e  pedunculus of Periplaneta americana 
(O rthoptera) nor in th a t of several T richoptera species (F r o n ta li and  N o r 
b e r g , 1966; K lem m , 1968; 1971), whereas in th e  brain  of Acheta domesticus 
(also O rthoptera) the  pedunculus proved to  be rich in fluorescing fibres 
(Sch ürm ann  and  K le m m , 1973). Our observations agree w ith  those of the  
la tte r  au thors who are on th e  opinion th a t  the  globuli cells of th e  m ushroom  
body are of catecholam inergic character in spite of the  fact th a t  catechol
am ines are found only in th e  nerve fibres and  n o t in th e  soma. Those au thors 
explained the  exclusive axonal occurrence of catecholam ines w ith th e  absence 
of synapses around  the  somas, hence th e  catecholam ines required  for th e  sy n 
ap tic  functions are produced and  stored  only in the  axons, while the  som a con
tains catecholam ines only below th e  th resho ld  of dem onstrable am ount. The 
question is fu rther com plicated by  the  fact th a t  th e  fibres of the  globuli cells 
are also present in the  calyx glomeruli (V o w l e s , 1955) where fluorescence 
characteristic of catecholam ines was no t found. Since th e  globuli cells are con
sidered to  be unipolar, it has to  be supposed th a t  th e  branches o f the  same 
nerve can chemically be d ifferen tiated  in  so far as one of them  entering the  
calyx neuropile does no t contain detectable am ount of catecholam ines, whereas 
the  o ther one reaching other p arts  of the  mushroom  body does. The chemical 
d ifferentiation m ay be re la ted  to  th e  postsynaptic, dendritic  character of the  
intrinsic fibres present in th e  calyx neuropile (Zs .-N agy  and  B .-M u sk ó , 1972) 
while in th e  pedunculus and  in bo th  lobes the  intrinsic fibres are presynaptic , 
axonic in character.

A fu rther question is w hat k ind  of m ediation realizes the  transm ission 
o f impulses in species where the  pedunculus contains no catecholam ines ? since 
synap tic  s tructu res were encountered in the  pedunculus of all species investig
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a ted  so far electron microscopically (Sch ü r m a n n , 1970; Z s .-N agy  and  B.- 
Mu s k ó , 1972; Sch ü rm a n n  and  K l e m m , 1973).

The m icrospectrofluorim etric analyses show th a t  the  fluorophore origin
ates only from  catecholam ines in  th e  regions investigated . In  cells where 
catecholam ines occur together w ith  serotonin, e.g. in th e  glomus caroticum  
of rab b it, th e  emission curve recorded by  m icrospectrofluorim etry a fte r 
F a l c k —H il l a r p  m ethod is characteristically  of a  “ tw o-hum ped” appearance 
(Möllm a n n  e t ah, 1972). I t  has been shown th a t th is curve represents m athe
m atical sum m ation o f emissions of catecholam ines and  serotonin. On the  basis 
of our results we have to  deny the  assum ption th a t  th e  fluorophores o f catechol
am ine and  serotonin would be present together in th e  fluorescing regions only, 
th e  green fluorescence of th e  form er covers the  yellow one of the  la tte r. Such 
sim ultaneous presence has been assum ed am ong others by Sch ü rm a n n  and  
K lem m  (1973) in the  central body o f the  Acheta brain . The questions of lo
calization of relatively  great am ount o f serotonin revealed by biochemical 
analyses o f hom ogenates of locust ganglions (H ir ip i  and  S.-R ózsa , 1973) 
rem ains yet to  be answered. Since th e  la tte r  au thors analysed hom ogenates 
containing th e  whole cerebral ganglion including even th e  optic lobes as well 
as the  suboesophageal ganglia, it  is possible th a t serotonin is bound to  th e  parts 
have no t been investigated  b y  us. In  o ther species some neuropile regions 
of the  optic lobe have shown yellow fluorescence characteristic o f serotonin 
(E lo fsso n  an d  K lem m , 1972). I t  cannot, however, be excluded th a t  the  
serotonin presen t in th e  cerebral ganglion fails to  reac t to  th e  form adehyde 
trea tm en t for some special reason, hence fluorescing products do n o t appear. 
The fluorescence in tensity  of serotonin fluorophore is abou t th ree  tim es lower 
th an  th a t  of catecholam ines of th e  sam e concentration ( J o n sso n , 1971), 
nevertheless, owing to  th a t  in locust th e  concentration of serotonin is abou t 
50 percent higher th a n  th e  concentrations of noradrenaline and  dopam ine 
together (H ir ip i  and  S.-R ózsa , 1973), i t  should be expected to  find areas con
tain ing  either only yellow fluorescence a t  some places or emission curves in 
d icating the presence of catecholam ine-serotonin m ixture. The question is 
fu rth e r com plicated by  th e  findings th a t  in T richoptera species serotonin 
was no t found in the  head (K lemm  and  B jö r k l u n d , 1971) and  in the  supra- 
and  suboesophageal ganglia (K lem m , 1968; 1971) either biochem ically or 
histochem ically. In  th e  central nervous system  of Periplaneta americana 
serotonin was detected  by  G er sc h  e t al. (1961), while F r o n ta li and  N orberg  
(1966) failed to  observe serotonin in th e  supra- and  suboesophageal ganglion 
using th e  fluorescence histochem ical m ethod. Due to  th e  above contradictions 
one can draw  no defin itive conclusion regarding th e  cellular localization of 
serotonin on th e  basis of d a ta  available.

The green fluorescence observed in th e  locust b ra in  behaved upon 
H C l-treatm ent sim ilarly to  dopam ine in model experim ents (B jö r k l u n d  e t al.,
1968). Therefore, one can s ta te  th a t  the  g reat m ajority  of the  fluorophore 
originate from  dopam ine, an d  only sm all portion m ay do so in noradrenaline. 
According to  biochemical m easurem ents (H ir ip i  and  S.-R ózsa , 1973), the  
q u an tity  of noradrenaline occurring in th e  locust is 6 tim es less th an  th a t  of 
dopam ine. E ven  in o ther species dopam ine proved to  be predom inant am ong 
the  catecholam ines in bo th  biochemical and  m icrospectrofluorim etric as well 
as electron histochem ical exam inations (F r o n ta li and  H ä g g e n d a l , 1969; 
K lem m  and  B jö r k l u n d , 1971; Ma n c in i and  F r o n t a l i, 1970).
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Summary

The cerebral ganglion of the  Locusta migratoria migratorioides was in 
vestigated  except the  optic lobe. Only green fuorescence was found afte r 
F alck  H il l a r p  form aldehyde reaction in th e  regions investigated. In  the  
mushroom  body green fluorescence was observed in th e  pedunculus, alpha 
and  beta  lobes, b u t was no t in  the  globuli cell layer and  th e  calyx neuropile. 
The m ost intense fluorescence was detected  in the  central body. Varicose, 
fluorescing fibres are presen t now and  th en  in th e  protocerebral neuropile 
as well as in th e  tritocerebrum , in some places th ey  are grouped. W e failed 
to  observe any  fluorescing structu res in th e  deutocerebrum .

The m icrospectrofluorim etric analysis of th e  fluorophore revealed th a t 
the  fluorescence originates only in catecholam ines, fluorophores o f catechol
am ines and  serotonin do no t occur sim ultaneously in the  regions investigated. 
The exposure to  H Cl-vapours proved th a t  th e  catecholam ines consist m ainly 
of dopam ine, in accordance w ith o ther species.
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A L O C U S T  A  M IG R A T O R IA  M IG R A T O R IO ID E S  R . F . (IN SEC TA , 
O R T H O P T E R A ) AGYA M O N O A M IN  T A R T A L M Á N A K  FL U O R E S Z C E N S  
M IK R O SZ K Ó PO S É S  M IK R O S P E K T R O F L U O R IM E T R IÁ S  V IZSGÁ LA TA  

K Ü L Ö N Ö S T E K IN T E T T E L  A P R O T O C E R E B R U M R A

B .-M u skó  Ilo n a , Z s.-N a g y  Im re  és D eák György 

Összefoglalás
A Locusta m igratoria  cerebrális gang lion ja  képezte  v izsgála t tá rg y á t, k ivéve az 

o p tik u s-leb en y t. A  v izsgált te rü le tek en  csak zöld fluoreszcencia fo rd u lt elő a F a l c k — 
H il l a r p  fo rm aldehid  reakció  u tá n . A zöld fluoreszcencia  a g o m b a tes t részei közül m eg
figyelhető  v o lt a  peduncu lu sban , az alfa- és bé ta-lebenyben , de h iá n y z o tt a  globulus- 
se jtek  ré tegében  és a  k a ly x b an . A  leg in tenzívebben  a  corpus cen tra le  fluo reszká lt. E lszó rt, 
varikózus, fluoreszkáló  axonok  lá th a tó k  a  p ro tocereb rá lis  neurop ilben , v a lam in t a  tr ito -  
ce reb rum ban , h e ly en k én t töm örü lve . A  d eu to ce reb ru m b an  nem  sik e rü lt fluoreszkáló  
te rü le te k e t m egfigyelni.

A  fluoreszcencia  m ik ro sp ek tro flu o rim e triá s  v izsgá la ta  a z t m u ta t ta ,  hogy csak 
k a tech o lam in o k tó l szárm azik , szero ton in  és k a techo lam inok  fluo ro fo rja  k ev erten  nem  
fo rd u lt elő a  v izsgált te rü le tek en . A  H Cl-kezelés a z t b izo n y íto tta , hogy  m egegyezően 
m ás rov a rfa jo k k a l, a  ka techo lam inok  tú lnyom ó  tö b b ség é t d opam in  képezi.
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