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INTRODUCTION 

Neurosecretion refers to the elaboration of hormones 

by cells otherwise definable as neurons. In general, 

neurosecretory systems consist of a group 9f neurons and 

a tract of secretion-bearing axons that terminate in close 

association with the vascular system. The endings thus 

form a neurohemal organ for storage and release of the 

secretory material. 

Neurosecretion was first reported by Ernst Scharrer 

(1927) who described glandular neurons in the hypothalamus 

of several vertebrates. These studies were followed by 

reports showing that neurosecretory systems occur in nearly 

all groups of animals. 

Until recently the only neuro~ecretory systems 

reported in the American cockroach, Periplaneta americana, 

were the subesophageal ganglion (Scharrer, 1940), the 

stomatogastric ganglion (Bounhiol, at. al., 1953), and 

the protocerebral neurosecretory cells which send their 

axons to the neurohemal corpus cardiacum (Weyer, 1953). 

Physiologically these systems are important in the regu

lation of molting, diurnal rhythmicity, egg diapause, 

pigmentation and water retention. 

Investigators have recently discovered another 

neurohemal system. Raabe and Chalaye (1966) suggested 

that swellings on the median (spiracular) nerve system 
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could have a neurohemal function. This was established 

by Brady and Maddrell (1967) and Raabe and Ramade (1967) 

by fine structural analysis with the electron microscope. 

Sn~lley (1970) found three groups of neurosecretory cells 

in the abdo~~nal ganglia of Periplaneta americana whose 

axons terminate in the neurohemal swellingso Smalley 

(1970) also discovered that these abdominal neurosecretory' 

cells and the median nerve neurohemal organ (MNNO) both 

appear to have uptake mechanisms for dopamine. 

One of the major objectives of this study is to 

inveotigate possible physiological roles of the MNNO 

neurosecretory materialo Identification of the neuro

secretory material by light microscope histochemistry 

or fine structural analysis with the electron microscope 

could give a correlation of this system to other known 

neurosecretory systems. If it could be shown that dopamine 

or another biogenic amine is normally stored in this system, 

then Bome possible functions for this neurosecretory system 

could be suggested. Biogenic arnines have been found in 

whole body extracts (Oestlund, 1954), the brain (Frontali, 

1967) and the ventral nerve cord (vlelsh, 1960),· of P. 

americana. They are known to produce a variety of neuro

logical and behavioral effects in the cockroach. It is 

possible that biogenic amines could function in inverte

brates, as in vertebrates, as neurotransmitters (Frontali, 

1967). Biogenic amines also show metabolic effects in 
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insects. Epinephrine accelerates the rate at which fat 

body triglycerides are hydrolyzed (Bhakthan, 1967), and 

doparr~ne serves as a precursor of N-acetyl-dopamine, the 

substance responsible for tanning of the insect cuticle. 

The products of the MNNO might also be related to 

two biogenic amines which have been found in the ventral 

nerve cord of insects. Casida and Maddrell (1970) recently 

found an amine in neurosecretory cells in the mesothoracic 

ganglionic mass of Rhodnius. This amine has been shown 

by Maddrell (1964) to be a diuretic hormone. Cook (1969) 

has established that a biogenic amine, Factor 5, which 

is possibly an aromatic amine with an ester group, is 

responsible for hormonal neuromuscular excitation. The 

highest concentration of Factor 5 in P. americana is in 

the ventral nerve cord. 

The present study has been designed to investigate 

possible functions of the median nerve neurohemal system. 

To accomplish this task, the ultrastructure of the neurohemal 

organ has been studied under various physiological conditions. 

Additional studies with the fluorescence microscope have 

been aimed at determining the relationship of catecholamines 

to the entire neurosecretory system. A preliminary hypothesis 

on the physiological function of the system has been 

suggested. 



}~TERIALS AND METHODS 

Al'ITMALS 

Periplaneta americana Linnaeus, the American cock

roach, was used in all studies. In the early phases of 

this study the animals were irregularly fed and watered. 

To establish a "normal" animal, several standard conditions 

were used. Adult male and female animals were placed 

in separate isolated colonies one week before use. Rhythmic 

light-dark cycles were established with fifteen hours 

light and nine hours dark. The animals were fed Gaines 

dog food, oatmeal, and apples once a week. Water was 

available at all times. 

ELECTRON MICROSCOPY 

Experimental Conditions. Various techniques were 

employed to investigate changes in the MNNO neurosecretory 

material. Pharmacological agents with known effects upon 

either catecholamlnes or neurosecretory systems inlgeneral 

were utilized in an effort to relate fine structural changes 

in the ~nn~o to a specific hormone. Adult males were used 

exclusively under all experimental conditions. All injec

tions were 0.05 ml in volume and were given intra

abdominally. Yamasaki-Narahashi (1959) saline was used 

in all situations requiring a saline solution. For treat

ment wIth reserpine, 2 0 5 mg!ml serpasil phosphate (eiba) 

-i 



5 
was prepared in distilled water and injected twenty-~our 

hours before dissection. Distilled water control injec

tions were also given twenty-~our hours before dissection. 

A 10-3 M solution of dopamine was prepared in saline 

solution and injected one hour before dissection. Control 

saline was injected one hour before dissection. DDT was 

administered by injection in the form of a slightly turbid 

suspension prepared by dissolving the chemical in 95% 
ethanol and injecting the ethanol solution below the 

sUl~race of saline in a 1:50 ratio. This was followed 

by irr~ediate mixing and use. The animals were dissected 

when completely paralyzed (about thirteen hours). DDT 

dosage was seven mg/~g. Ethanol, 2%, was injected as 

a control for the DDT study and the animals were dissected 

at thirteen hour3. Adult males were also cooled or dehy

drated to investigate fine structural alterations in 

relation to physiological stresses. To dehydrate them, 

animals were placed in an isolated colony without ~ood 

or water for either three or ten days. For cold treatment 
o

the animals were placed in the refrigerator at 0-5 C 

u~til all movement ceased (usually fifteen to thirty 

minutes). At the end of each treatment period MNNO Al 

and A2 were removed and processed as described below. 

Fixation and Embedding. Males or females were 

injected with 0.5 ml fixative (ice-cold 4% glutaraldehyde, 
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maintainsd at pH 7.4 with 0.1 M cacodylate buffer unless 

ot~~rwise specified}. The MNNO were exposed by dissection 

and t~e glutaraldehyde fixative pipetted onto them. The 

organs were removed immediately from the body and placed 

in fresh fixative for one-half to one hour. The swellings 

were then rinsed in buffer, post fixed in Ool M cacodylate 

buffered 1% osmium tetroxide, dehydrated in ethanol series, 

rinsed in propylene oxide, and embedded in an Epon-Araldite 

nuxture (Epon 812 25 ml, Araldite 6005 15 ml, dibutyl 

phthalate 4 ml, dodecenylsuccinic anhydride 55 rol, DMP-30 

tridimethylaminomethylphenol 0.3 ml/10 ml mixture). Thin 

sections were cut on an LKB ultramicrotome and stained 

with 2% aqueous uranyl acetate and Reynold's lead citrate 

(Reynold, 1963). The sections were examined on a Hitachi 

IiS-8 electron microscope. Photographs were taken at the 

discretion of the investigator and not in a random sampling 

fashion. 

Interpretation of E.M. Data. The purpose for the 

E.M. studies was to investigate changes in the neurosecretory 

material at the ultrastructural levelo Specifically, 

changes in granule-vesicle content of each axon were of 

major interest. For determina. tion of the relative pro

portions of vesicles to granules in each axon, the granules 

and vesicles in individual axon endings were counted o 

After calculation of the percentages of granules and 
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vesicles in each individual ending, mean percentages for 

all axon endings were determined. In Table 1 these menn 

perce:llt;1.ges for each treatment group are related to the 

number of endings counted and the number of vesicles and 

granule s cOUJ..ited 0 To give numbers of granule s ani vesicles 

per unit area in each axon, an area 16 X 108 microns2 

was measured and all granules and vesicles within this 

area counted. Granule or vesicle size was determined 

by measuring the diameter of fifty granules and fifty 

vesicles taken at random from at least five micrographs 

from two different animals. 

FLUORESCENCE MICROSCOPY 

Experimental Conditions. Solutions of 10-3 M 

d-l-dopamine, d-l-norepinephrine or d-R-dopa were prepared 

in saline. All animals were injected with 0.05 ml intra

abdominally and dissected one hour after injectiono A 

3 X 10-3 M solution of the monar~ne oxidase inhibitor, 

parnate (trancyprom1ne sulfate, Smith Kline, and French), 

in saline was injected two hours before dissecting the 

animals. Brains, removed from normal adult animals not 

pretreated with a drug, were used as controls for all 

of the previous conditions. Upon dissection, ganglia 

Al and A2 with their MNNO attached were removed and treated 

for catecholamines fluorescence as described belowo 
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Table 1. eo.,.rtlon ot dMta or tbe granule to vesicle relstionsolp la t1p1 
2 axon en4l~ tn sa. NWlO under various experimental conditions. 

No. or
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Observed
 

10 
:s 

10
 
2
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2 

•2 

•1 
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2 

5
 
2
 

9 
:5 

5 
2 
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2 
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2
 

5
 
2
 

Total Count 
granules 
vesio1es 

No. ot 
axon endings 

Average :' 
ot granules 
or vesicles 
per ending 

• 0. ot 
granules 
vesiole~ per
16 X 10 
miorons 2 
at 24,000 X 

Total No • 
ot grsnules
plus vesioles 
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6 E 

211 a 
20 V 

6 E 

86.1 ~ a 
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47.6 a 
12.7 V 60.:5 

201 () 
19 V 

85.0 ~ a 
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5:5.2 a 
7.9 V 61.1 

6 B 
119 a 
:5'11 V 

9 E 

2'.9 %a 
75.1 " V 

18.7 a 
:56.6 V 5'.:5 

.~ G 
10:5 V 
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61' a 
.9 V 
11E 

96.7 ~ Q 

2.:5 " V 
79.6 G 
2.6 V 81.6 

no G 
6:52 V 

20 E 

42.2 " a 
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:55.9 a 
:59.:5 V 76.2 

271 (J 

290 V 
10 E 

49.6 " G 
50.4 :' V 

:5•• 9 a 
:56.' V 71.:5 

859 G 
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:58./) a 
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81' a 
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16 E 

79.8 " G 
20.2 " V 

61.:5 G 
6.7 V 67.0 
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Tissue Processipg and Inspection. Adult male 

~nimals were anaesthetized by cooling in the refrigerator 

i.:.~:..til all movements ceased. The f'irst and second abdominal 

b~nglia (Al and A2) were quickly dissected out with the 

KNNO attached. The ganglia were i'rozen in isopentane 

cooled with liquid nitrogen and processed according to 

the technique described in detail by Falck and Owman 

(1965) for rendering catecholamine containing structures 

fluorescent. The lyophilized ganglia were treated with 

formaldohyde gas by heating them in a one liter bottle 

containing five gm paraformaldehyde (previously equilibrated 

with air at 7afo relative humidity) at 80°C f'or one to 

t:~ee hours. After vacuum-embedding the tissues in paraffin~ 

sections were cut at eight microns in the sagittal plane. 

The tissues were observed under dark f'ield optics with a 

Leitz fluorescence microscope with Wratten barrier filter 

no. 15, BG-12 excitation filter and high pressure mercury 

arc lamp. Photographs were ta~en with E~tachrome X, 

ASA 64. 

LIQUID SCINTILLATION 

Male and f'emale animals were injected intra

abdominally with 0.1 ml (ten microcuries) or 0.05 ml 

(five microcuries) of d-l-dopamine-l-H3-HBr (New England 

~uclear: Specific activity 100 mc/~~)o At intervals 

of five, fif'teen, thirty, sixty, and one hundred and 
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twenty minutes animals were killed by decapitation, the
 

abdominal cavity washed with 5% glutaraldehyde and the
 

following nerve tissues removed: brain, first abdominal
 

ganglion (Al), second and third abdominal ganglia (A2


. A3), fourth and fi£th abdominal ganglia (A4-A5), 3ixth 

abdominal ganglion (A6), MNNO in front of Al,' MNNO in 

front of A2 and, as control tissues, nerve connectives 

located between A5-A6 and A2-A3o Each individual tissue 

group from two animals was placed in a scintillation 

vial containing one ml NCS solubilizer. The tissue was 

digested in the NCS solution for twelve hours at 60°C 

and then ten ml of PPLO liquid scintillation fluid was 

added to each vial. The tritium content in each tissue 

Was determined by counting in a Nuclear-Chicago Unilux 

II liquid scintillator. 



RESULTS
 

GIDffiRAL ANATOIv1Y 

T~e median nerve neurohemal organs of Periplaneta 

are inconspicuous swellings arranged segmentally on the 

median nerve system (Fig. 1). The median nerve extends 

posteriorly from each abdominal ganglion to just in front 

o:t:' tho fol1o,oIing ganglion, where it connects with the 

neurohemal organ. From the neurohemal organ a pair of 

transverse nerves pass laterally to spiracles and a short 

median nerve extends downward into the gangliono 

ELECTRON MICROSCOPY 

1. Ultrastructure of the MNNO in Normal Animals 

The MNNO is encased by a continuous outer sheath 

of thicK connective tissue which has profuse ramifications 

into the neurohemal organ proper. Axons, arising apparently 

from the short median nerve, branch extensively to form 

a large area for storage and release of the neurosecretory 

material (Figs. 2, 3). Nerve tracts, presumably the 

spiracular motor nerves, pass in most cases down the 

middle or the neurohemal organ. These nerve tracts, 

containing several axons, are surrounded by the axon 

er~ings containing the neurosecretory material. Most 

of the endings contain very large numbers of vesicles 

and granules in the normal animal (Figo 2). Two types 
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Fig. 1. Vontrcl nerV0 oord of Periplaneta americana show
ing ganglia AI, A2, A3, transverso nerve(TN), median nerve 
neurohemzl organs(MNNO}, short median nerve(SMN}, and long 
~adian nerva(LMN}. 

'\ '. MNNO Al 

I , LMN 

" SAiN
( 

\ I MNNO A2 

A2 ~TN 

MNNO A3 

A3 

" 
, I 



Fig. 2.. Eloctron micrograph of the MInTO from the 
abdominal ganglion of a normal mala P. americana. 
2 axon endings (E) containing small eleotron dense 
ules and eloctron transparent vesicles are clearly
About X 12,000 

13 

second 
Type 
gran
evident. 

~ '.~"" 
_____~. ._~ __ 'xi ~~ o. 
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Fig. 3. MNNO from the second abdominal ganglion of a normal 
female. Type 2. endings are surrounded by glial membranes (GM)
and contain mltochrondria (M). A type 1 ending, containing
large electron dense granules, can be seen surrounded by
connective tissue sheath. About X 12,000 
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of neurosecretory endings have been found: type 1, con

taining large electron-dense granules 1000-2500 A in 

diameter, and type 2, containing small electron dense 

granules 600-1600 X in diameter and electron transparent 

vesicles 800-1900'1 in diameter (Fig. 3). No distinguish

able size variations of the neurosecretory material in 
. 

type 2 endings were found in any of the animals either 

normal or under experimental conditions. However, the 

relative proportion of granules and vesicles of type 2 

endings did vary depending upon the physiological state 

of the animal and the buffer used with the ,primarr fixative. 

The type 1 endings most frequently lie in direct contact 

with the outer connect1.ve ti'ssue sh$e.thor1tSJ,~.ard 
,;4 

continuatlon's (Fig. 3). The' large electron dens. granules 

show no noticeable changes in any of the experimental 

conditions. The type 2 axon endings are usually invested 

by glial membranes. Nuclei found in the neurohemal organ 

are glial cell nucle~. Mitochrondria are found freely 

distributed throughout the axons. 

2. Neurosecretory Material in the MNNO 

a. Male and Female; Regular Feeding and Watering. 

l'lo differences could be found in the neurosecretory 

material in type 2 endings between the normal male and 

female (Figs. 2, 3). The granule and vesicles in each 

individual ending are quite similar (Table 1). Also, 
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the granules and vesicles per unit area and the total 

r.umber of granules plus vesicles per unit area does not 

show a significant difference. These data suggest that 

the neurosecretory material has a similar function in 

both the male and female. 

b. Irregular Feeding and Watering. Irregular 

feeding and watering apparently causes a variation in 

the granUle to vesicle relationship. The small electron 

dense granules that are the prominent feature in the 

type 2 endings in the normal animal become greatly reduced 

in number (Fig. 4). The total number of granules plus 

vesicles does not change; hqwever, ~e ~rcentage of 

granules to veSicleS\l~derg~sa;.dr~~~~;~~~~~(,able1, 
:- :,:, "', ",-' _'. t--~} ." :.1;'''·~. '. -":'~:~':~~.~:~i:;>~:'i::-,}:~j::\" _" i'~]i< >'-"i~":", " 0\, c";~3:~ 

Fig. 23, 24). These aMmais~.;app~~:t.~~~~.r.to.. :tb()se 

described by Brady and. Maddtoell (1967). It seems possible 

that their animals were slightly dehydrated or underfed, 

much as in this series. 

c. Phosphate BUffered Fixative. Preliminary 

studies with irregularly fed and watered animals indicate 

that phosphate buffered glutaraldehyde may change the 

granule to vesicle relationship. Small electron dense 

granules are rarely found in any of the type 2 axon endings 

(Fig. 5). The· number of vesicles found per unit area 

is similar to the number of granules plus vesicles in 

control animals. Comparison of the normal animals with 

irregularly fed and watered animals treated with phosphate 
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Fig. 4Q Section of MN~JO from the first abdominal ganglion 
of an irregularly fed and watered male P. americana fixed 
with cacodylate buffered glutaraldehyde: About X 12,000 
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I
C

•
I
•
,
• 

~ 
~

j 

•
•I 

Fig. 5 u Electron microgr~ph of the MNNO from the second 
abdomi~~l ganglion of a normal male P. americana. Phos
phate rather than cacodylate buffered fixative was used 
in this preparation. About X 12,000 
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ox.. cacodylate buffered fixative shQT;JS no difference in 

the total number of granules plus vesicles but a change 

from granules predominating to vesicles predominating 

(Figs. 23, 24). Apparently, the electron transparent 

vesicles are empty (containing no neurosecretory material) 

electron dense granules •. 

d. Three Day !!!2. !!!!Day Dehydration. In animals 

dehydrated tor ten days, neurosecretory material ~n the 

type 2 endings has been severely depleted (Fig. 6)0 Both 

the average number of granules and the average number I 
of vesicles per unit area are greatly reduced compared ! 
to the normal animal (F~g. 24). H~~~ver, granule-vesicle ~ , . 

~,.i a1m1l.a~.toi thepercentages in indi V1ddll enck ,.<.' .• ',,-' .'C"'-,'- -: .. ','"C' "il ~ 
normal ani~l (Fig. 23ll A ~~itl;c1r"SlDglelamel:11te 
structure, possibly a lysosomal body appears in many ot 

the depleted axons (Fig. 6). 

The animals dehydrated for three days display only 

a slight depletion ot the total neurosecretory material 

in type 2 endings (Table 1, Fig. 7). However, the pro

portion of granules in the dehydrated animals drops to 

one-third of that found in the controls (Fig. 23). 

e. DDT Injection. A pharmacologically active 

amine 1s released in insects treated with DDT (Cook, 1967)0 

DDT injection in the cockroach causes depletion of the 

~eurosecretory material in type 2 axon endingso The 

endings appear strikingly similar to the ten day dehydrated 



Pig. 6. S0ction of MNNO from the second abdominal ganglion
of a 10 day dehydrated male. Notice the multiple and singu
l~r lamellate structures (L) in the type 2 axon endings. 
hbout X 12,000 
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~~imal (Fig. 8). Gra~u10 and vesicle percentages in 

i~dividual endings are near normal (Fig. 23), but the 

numbers of both granules and vesicles per unit area are 

greatly reduced (Fig. 24). The lamellate structures 

are again found in many ot the dep~eted endings (Fig. 8)0 

f. Dopamine Wect!on.Xntl'a-abdominal injection 

of dopamine causesveI'Y J:lo~iceableeftects in the granule

vesicle relationship c~pared to the saline controlso 

All of the endings appear completely packed with granules 

and show few electron transparent vesicles (Figo 9). 

This suggests that dopamine or a metabolic produ4.t is 
.,:,~ 

e n~berbeing taken \lP" anQ.stR~~d 
.~ .. - .. . ~'t"J,,:(::,;(,j\,'~1~;;a 

ot granl,llel,pfi"j a is the 

saline cont·%"~~f hat. anUnal 

(Figs. 23, 24 t Table I). 

g. Saline ~ection. Injections at saline cause 

immediate reduction in the percentage of granules and 

increase in the percentage of vesicles found in axon 

endings (Fig. 23). The total number of granules plus 

vesicles is slightly higher than the normal animal; how

ever, it is comparable to the dopamine injection (Table 1). 

It seems probable that injections of saline cause release 

of neurosecretory material from the type 2 endings (Fig. 10)0 

h. Reserpine Injection. Reserpine has long been 

known to deplete intraneuronal stores of catecholamines 

(Frontali, 1969)0 In the present study, no distinguishable 
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Fig. 8 0 Section of UUNO from the second abdominal ganglion 
of a male troatod with DDT. Sover~l of the type 2 endings 
contain lamellate structures (L) much like those found in 
the dehydrated animals. Lbout X 12,000 



Fig. 9. Section of MNNO froe the first abdominal ganglion
of a m31e injected with dopamine. About X 12,000 
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Fig Q lO~ Section of V~NO from the first abdominal ganglion 
of a male injected with ssline. About X 12,000 
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chang6 in neuro~ecretoY1 material could be observed between 

the control animals injected with distilled water and the 

oxperimental animals injected with reserpine (Fig. 11). 

Both the granule-vesicle percentages (Fig. 23), and the 

numbers ot granules aDd vesicles per unit area {Fig. 24> 

are very similar to tbeO~i~~olV;f4ue3. 

i. Distilled watel'<W&Qblon. Injections of 

distilled water cause an increase in the percentage of 

vesicles per axon ending (Fig. 23) but the tptal number 

of granules plus vesicles (Table 1) is similar to the 

. _.~ ........;/,~ . ~~;i;;,";~"s,,'~d~,7;<'i'il.:;,<~~
 

saline injections. Injections or distilled 
. .~ 

cretory 

materililtl'91D ,t 

,j. one"~~lf~W:'Gllf!,our_ 
-

....~. time 

of primary fixation with glutaraldelitde makes"lt;;Jtlfe dif

ference in the granule or vesicle content (Figs. '13, 14). 

Granule and vesicles percentages per axon ending, the 

numbers of granules and vesicles per unit area, and the 

total number of vesicles plus granules all remain similar 

to the. normal animal (Table 1). 

k. Cooling Animal Betore Fixation. Preliminary 

results indicate no noticeable changes in the neurosecretory 

material (Table 1, Fig. 15). Percentage of granUles to 

vesicles in individual axon endings, average number of 

granules and vesicles per unit area, and the total number 
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Fig. 11. Section of LmlJO from the second abdominal ganglion 
of a male treated with reserpine. About X 12,000 
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Fig" 12 0 Section of r.::mo from the second. abdominal ganglion 
of a male injected ~1th distilled water. About X l2~OOO 
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;,.......•. ~>I .•... 
,. 

'~"'::r 
~~, ~. 

~. rt,:~ ~j ,",.'i 

Fig. 13. Section of HNNO f1'oO the seoond abdominal ganglion 
of a nor~81 male fixed with cacodylate buffered glutaralde
hyde for ~ hour. About X 12,000 
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Fig. 14. Section of iJHHlO from t he second abdominal ganglion 
of a normal male fixed with cacodylate buffered glutaralde
hyde fo~ 1 hour~ Lbout X l2~OOO 
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Fig. 15. Section of MUNO from the second abdominal ganglion 
of a male co0100 in the fefrigerator for 30 minutes before 
primary fixation. About X 12,000 
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of gr~n~le3 plus vesIcles &11 closely resemble the normal 

~~nmal (Table 1). 

3. Normal Structure of the Transverse Nerve. 

Electron micrographs of the transverse nerve Eram 

normal males show nerve tracts surrounded by an extensive 

connective tissue sheath. Woven in and out of the con

nectiv6 tissue sheath are several axons containing large 

eli?ctron dense granules 1200-1800 i in diameter, with an 

average .diameter of 17,,0 K (Fig. 16) 0 No other granul&s 

or vesicles are present in any of the axons. It .,eems 

probable that these ler$e dense 

type a;'s de8e1l'1))•.q~~,:;",Qi~~;_o pr 

me 

.~.- .< 

FLUORESCENCE LIGRTMIC~ 

The fluorescence 

by Falck and Hill~rp (Falck and Owman, 196,,) has provided 

a means tor ,studying the localization of amines on a 

cellular level. With this method nerve cells containing 

catecholamines or ,,-hydroxy-tryptamine can be identified. 

This technique has been used in the following studies 

to aid in identification ot the neurosecretor.1 material 

in the midline median nerve cells, MMNC, whose axons 

form the type 2 endings in the MNNO (Smalley, 1970) 0 
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7~g. 16Q Electron micrograph of the transverse nerve from 
~ nor~81 malo. Largo electron dense granules (G) typical
0: thoze in typs 1 axon endings are scon surrounded by 
connoc~ive tissue ~heathQ About X 18,000 
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.l. !·:·:~~C in Normal 1-:ale and Female 

After one hour treatment with gaseous formaldehyde 

although no fluorescent cell bodies could be seen in the 

~Qdominal ganglia several areas of the neuropile developed 

yellow fluorescence. Sections of abdominal ganglia 1 

a~d 2 not treated with fo~aldehyde showed only dark

yellow fluorescent dots. Prolonged treatment of three 

hours did not enhance fluorescence or bring about the 

appearance of fluorescent cells or new fluorescent areas 

of th0 neuropileo Control sections of the brain of both 

male and female showed fluorescence in the central body 

~nd the corpora pendunculatao 

2. r·IMNC Under Experimental Condi tiona 

a. Dopamine ~ection. Serial sagittal sections 

of abdominal ganglia 1 and 2 from dopamine-injected adult 

males showed strong yellow-green fluorescence in cell 

groups 1, 2 and 3 (as defined by Smalley, 1970) (Figs. 17, 

18). Only one MNNO was found in the sections and it also 

displayed a yellow-green fluorescence. The majority of 

}rnNO were probably lost in tissue preparation. The brain 

control showed intense fluorescence in the central body 

::nd corpora pendunculata (Flg.20). 

b. Norepinephrine Injection. Norepinephrine is 

apparently not taken up in the }lliNC under the conditions 

of these experi~ents. Serial sagittal sections of abdominal 
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Flg. 17. Fluorescence photomicrograph (sagittal section)
0: second abdominal ganglion showingUMUC group 2 after
 
pr0traatmant with dopamine. About X 200
 

FigQ 18~ Fluorescence photomicrograph (parasagittal section) 
of a first abdominal e~nglion shouing kq~NC group ~ after pre
treatment with dop~mineo ~bout X 200
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Fig. ~9 Fluorescence photomicrograph of MNNO from the 
second ab10minal ganglion of a male after injection of 
clonsmine. Lbout X ,,400 

• ,_ I 

Fig. 20 Q Fluorescence photomicrograph (frontal section) 
of the CEil~'':;:'''''::ll body in the brain of a normal ani:nal .. 
1~bout X 200 
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-:..:.:.~-.glia 1 and 2 revealed no fluorescent areas resembling 

cell bocies even after prolonged formaldehyde treatment of 

three hours. However, no controls were run concurrently 

Wl~. 'h ~. ., . . . j t e d i 1So~ne noreplnepnr~ne In 00 an rna 

c. :OOD~:' In.i(;(~tion. Examino.tion of serial sagittal 

~0ctions of abcominal ganglia 1 ~~d 2 revealed no 

£luoroscont areas resembling cell bodies. Prolonged 

forma:dohyde treatment did not give any further evidence 

of flt:.orescence in any of the :·:::1NC. The brain controls 

8~owed yellow green fluorescence in the central body and 

the corpora pedunculata~ 

d. Parnate Injection. Parnate is known to be a 

strong monoamine oxidase inhibitor in insects (Chaudhary, 

1967). Alnmals injected with parnate showed extreme 

~Jper~ctivity. The injection of parnate two hours berore 

~i3section did not reveal any biogenic amines in the 

L.~:JC even after prolonged formaldehyde trea.tment of three 

hours. 

LJ:Q.UID SCIN'I'ILLATION 

...... U?ta~(0 of Dopamine-l-Fl3 in the HNNO • 

:~::.les end females ShOVI little difference in uptake 

of tri ~i:.:.ted doparr'..ir.a into the HlJUO. Figure 21 ShOltIS 

the ~cl~tion of MNNO to control tissues (nerve connectives 

f~om in ~ront of A3 to just behir~ A2) in animals injected 
.., 

\;::. th dopw.line-l-H.) and dis:::octed at 1'iva to fifteen, 
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:::tcoD to thirty~ forty-five to sixty minutes. The 

:<~:·:w 8.l)pears to rill ve a rapid uptake of tritium labeled 

d0?a~llne. Highest disintegrations per minute/MNNO are 

founc:. in the f'ive to fifteen minute injection tir.lG range. 

':.:he t::....i:tiU!:n label i~ lJ hOl.Jcvor, ei thaI" rapidly released 

0:..... dif:.::"'used from the noul"or,;.o"la.l organ o At six'ey minutes, 

tI~e I·::EJO of both the fewale and male show only slight 

variations from the control tissue. The wot weight ot 

the :·~:E;O could not be cleterrilined becaus e of its very 

8~all size and consequently, the counts are expressed 

;.:,;.;.:; I"·T··""~Od pm :'·l.i• ..:~ or dpm/control tissue. It must be kept in 

mind '.;r..a t the r-:m:m is actually many times smaller in 

weight than the control tissue. From these data it cannot 

be dete~uned whether the initial high concentration of 

tritium label in the MNNO is due to an actual uptake or 

r&ther an equilibration of the high concentration of 

dopami~1e in the hemolymph wi th the l-z.mo. 

2. Uptake of Dopalmne-l-rrJ 
~ 

in Various Nervous Tissues 

Figure 22 r~lates the uptnke of label in the brain, 

l"liJNO iJ .'-4-..\5, Al-.A3, A6, and control tissue (connective 

n0rve tissue A5 to A6, A3 to A4) in males injected with 

Lopamine-l-H3 and dissected at fifteen, thirty, sixty, 

und one hundred ar~ twenty minutes. The brain (Frontali~ 

1967) &~d the sixth abdowinal ganglion, A6 (Farley, 1967) 

have tC0~ shown to have stores of biogenic amines. 
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?~zurQ 20 dewo~~trates that the brain and A6 take up 

l~oel f~o~ injected dopamine. At fifteen or thirty minutes 

both of those tis3ues have a low triti~~ content with 

a gradual but consister.t rise up to the cnd of the experi

w0ilt at one hundrod and t~ont~ ~~nuteso 

..:.. significant point is tr...a gradual uptake of label 

~.... ""i::... t ....."" brain and A6. ?he hNUO p A4-A5, and AI-A) all 

Qppear to follo'(J a different trend. They all ~how high 

i~~tial uptake of label followed by rapid releas00 The 

c01.1.trol ti ssue follo"18 much the same pattern wi th a lower 

L1itial uptake of label. Dopamine or a metabolized product 

i~ appc~cntly either taken up rapidly or is equilibrated 

between the high concentration of tritium in the hemolymph 

and lower concentrations in the :tourno, AI-A), A!~-A5 and 

then rapidly diffuses out. The brain and sixth abdominal 

~~nglion on the other hand, take up and store the tritiated 

dopamine or a metabolized producto 
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DISCUSSION 

~uo types of neurosecretory material have been 

found in the median nerve neurohemal organ. In type 1 

endings there are la~6o electron dense granules 1000

2;;00 ft in diameter E..i..~d incype 2 endin.::;s there are small 

electron dense granules 600-1600 ~ in diameter as well 

as electron transparent vesicles 800-1900 ~ in diameter. 

Several experimental conditions cause variations in granule 

a~d vesicle percent~ges in axon endings, but under most 

of these conditions the total number of granules plus 

vesicles does not change significantly. It is logical 

to assume that if the totsl number of granules plus 

vesicles does not change under conditions affecting the 

r~tio of granules to vesicle~, the granUles and vesicles 

are probably interrelated. ~his suggests that the electron 

transparent vesicles are probably empty (containing no 

neurosecretory material) s:;lall olectron dense granules. 

:":0 evidonce of release sites li"ke t:.:.ose described by 

other ";Jorkers (Smi th, Smith, 1966; Scharrer, Kater, 1967) 

have been found in any of the normal or experimental 

animals (ror either type 1 or type 2 endings). It seems 

?robable that the neurosecreto~ ~~terial in type 2 endings 

is dif:usi~6 out of the snall electron dense granule 

mombran0 and through the outer connective tissue sheath 

into t~8 hemolymph. 
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~88U~~1J0 that the chlli~ge in relative proportions 

of granules to vesicles is indicative of release of neuro

;.,:;.cre'tol'7 r,l8.-cerial, then tho conditi ons under 'lIJhich the 

c~~nge occurs could suggest p08~ible functions for the 

..;.040"'17101"10 ~ Any type of iT.l.tl"a-abdomi1.'1al injection ll distilled 

water or saline p seems to d8?lete some of the neurosecretory 

~aterial from the small electron dense granules o Maddrell 

(196L~) has :::hQl.Jn a hOl"mon0 to be roloas0d in Rhodnius 

by dL:;t.entio:n uf abdominal stretch receptors sensitive 

to vertical abdominal distention. Such may be the case 

unen large volumes of saline or distilled water are injected 

into the abdomin of the cockroach. It is also possible 

that the injection causes osmotic changes in the animal 

resulting in releases of the neurosecretory material. 

Dehydration of the animal for ten days leaves the 

type 2 endings severely dopleted of neurosecretory material. 

?resently, it cannot be determined whether the decrease 

in neurosecretory material is due to dehydration, lack 

of food, or a combination of these. It is interesting 

to note that irregular feeding and watering does not 

change the total number of g~anules plus vesicles in 

type 2 endings, but the neurosecretory material appears 

to have diffused completely from the small electron dense 

granules. Only under ideal conditions of feeding and 

:Jaterin;:; can the type 2 endings be shown to contain small 

olectron dense granules. ~hese results suggest a 
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corr.;;.18.'~io:'1 batlJ0Cl'l the availabili ty of food and or water 

to the s·corf.;;c and rotenti on of the neurosecretory material. 

':Jr'catmer..'t of the I.:frJNO wi th DDT causes depletion 

of the type 2 endings with striking similarity to the 

ten day dehydrated animal. Maddrell (1910) has shown 

Rhondius paralyzed by DDT, releases a diuretic hormone. 

Again, it seems possiblo that water metabolism is important 

in neurosecretory IT~teri~l release in the cockroach. 

From the above data it can be deduced th~t no 

~cal correlation can be made betwoen the DDT induced 

cepletion of neurosecretory material and a specific function 

for the }lliNOe Also, all of the previous physiological 

circumstances are stress conditionso Possibly, the neuro

~ocreto~ material is in some way functioning during 

stress conditions. Coo~ (1969) has shown that a biogenic 

c~ine released from the ventral nerve cord of Po americana 

by DD~ poisonin3 functions as a neuromuscular eXCitatory 

substance. All of the results seem to point toward a 

relationship bet~r0en stress conditions and the release 

of neurosecretory material in the type 2 endings. 

TYP0 1 neurosecretory endings have been found in 

the transverse nerve some distance from the !~~NOo It is 

possible th~t peripheral neuroseereto~ cells are contributing 

large eleetY'on dense granules to the neuroehma1 organ via 

t~e tr~nsverse nerve. Finlayson and Osborne (1968) have 

~03~rio0d such a system in Carausius and peripheral neurons 
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Lnve C,JE;:.'"l fou~~.:.d. on branches of the segmental nerve o:f 

::. ar;:(; Y! i C Jrt8. (Smalley, personal co~~unication). In no 

CirCl4.ills'cance vIas there any observed change of the type 1 

lx,urosccr0to::cy materi;lll or endings under nOTwal or experi

ffi0ntul condltionsb 

Using the fluoresc0nce tecp~ique of Falck and 

Owrnan) no catecholamines hHve beon :found in either the 

h::-rac 01" the !·:JNO of normal animals. Nevertheless, auto

radiographs have sho~n that tritiated dopamine is taken 

'~~J by the I·nnW, :·::·lNC, ar:d short medi an nerVe (Smalley, 

1970). The present study has also demonstrated the uptake 

of dopar.jine into the H1TNO and HNNC. \'Jhen animals were 

injected with dopamine, both the Ir.MNC and the MarnO were 

rond0I'ed fluorescent. Since this fluorescence is specific 

for catechol~~ines or $-hydroxy-trypt~llne in other animals 

(Jonsson, 1967) it seoms likely that the fluorescence 

observed in this case is duo to the uptake of exogenous 

dopareJ.116 by the I-~:'lIJC and 1·2;1-:0. Under similar conditions 

neither dope. nor norepine;;:1rine liJ0re taken up in the HMNC. 

~his suggests that the uptake mechanism is quite specific 

tor dopamine, quite unlike the uptake mechanism found in 

a mammalian catecholamine system (~lillarp et. al, 196$). 

The pr'esence of a dopamine uptake mechanism in 

coIls which do not or~i~arily contain a catech)lamine is 

~irr~18r to the situation found in the parafollicular cells 

or the mouse thyroido ~hese cell~ can selectively take 
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<-:...~) e:~0.::;cr.ous dop.:l and dopa.mine, but no trace of 

(;8"cec:"olrumnes can be demonstr'ated in the normal animal 

~3in3 tho fluore~c0nt teclLniqu0 (Larson at. al, 1966)0 

~2~son (1966) has 8poculated that in the parafollicular 

c011 sY8tem some aIrino is operating vJhich does not form 

~luorophores with forrrMldGhyde or the ~rr~ne is not retained 

by cellular storago mec:lanic::i.s in concentrations high 

onough to be demo~stratod histochemicallyo This situation 

~eems to be ve17 siTiular to the preliminary observances 

~ ,'" '~''\'''f'''li

0::'-' the ,;,.~,....:l':'.v ancl HN!W made by this investigator. 

J~im-Etchevery and Zieder (1968) have suggested 

that thyrocalcitonin and 5-hydrcxy-tryptarrdne are stored 

together in mouse parafollicular cell granules. They 

have implied that the amine may act in some stage of the 

procasses of metabolism, storage or liberation of the 

hormone. Dopanune or a metabolized product could possibly 

:'iG.ve a similR1' function in the E.:~NOo It is perhaps sig

nificant in this regard, that injection ofdopandne causes 

Qn increase in the nunilier and percentage of small electron 

dense granules in the type 2 endings. 

Injections of tritiated dopanune into the cockroach 

show interesting relationships betl-leen known catecholamine-

c~ntaining systems and the medi~~ nerve neurosecretory 

8ystC~~ The brain (Frontali, 1967) and the sixth abdominal 

~~~g:ion (Farley~ 1961) have endogenous stores ot 

catec~olamine~. Both these tiszucs gradually accm~ulate 
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::"::..bel over the t""'JO hour experimental period o The I1NNO~ 

::..::_d abdo:'iiin8l gangliA. containing the :·2.j:I;rC, on the other 

Ldnd, both have high counts soon after injection# but 

r~?idly lose the label thorcQfter. At two hours after 

ir"~ject~ion3, conce:::ltl>atior~s of t~0 triti ura label are very 

:ligh i:.:. the br8:.i n and ~ixt~:l abdordnal ganglion lJ:hile 

concentrations of the label in the ~iliNO and l~ll~ appear 

to be only slightly above the control nerve tissue o It 

:5 pres0~tly not clear wnether the initial high count 

0:' tritium in the j,·:~mo a:'la E~·~!{C is due to an actual uptake 

of dopamine into the system or rather an equilibration 

0: the high concentrations of doparrdne in hemolymph with 

tGO interstitial ~paces of these tissues. The difference 

between the median nerve neurosecretory system and the 

known catecholamine containing tissues suggests that 

~~ther dopanune is not bein3 taken up selectively in 

t:1e HNNO and EHNC or tr.o. t these la.tter tissues do not 

have intraneuronal storage capacity for large quantities 

01' dopamine" 

The results of this study indicate that the median 

nerve neurosecl'"'stm."'y system is probably not a catecbolamine 

containing systeme Eowever, it is possible that a biogenic 

anline closely related in structure to dopamine is present 

in this system. Ei~hor this amine is not stored in con

centr8~ions high enough to be detected by the histochemical 

~ethods of Falc~ and O\Jman, or it is not amenable to this 
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~~~orC~~0nce t0cl~4iq~o. Most preliminary resul~~ suggest 

~ close correlation between physiological stress conditions, 

c~pecially in relation to water metabolism, and the release 

c: neurosecretory ~atGrial from type 2 axon endings in 

the N:~I>JO. 
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