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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 of 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. Thess studies were followed by
reports showing that neurosecretory systems occur in nearly
all groups of animals.

Until recently the only neurogecretory systems

reported 1n the Amerlican cockroach, Periplaneta americans,

were the subesophageal ganglion (Scharrer, 1940), the
stomatogastric ganglion (Bounhiol, et. al., 1953), and
the protocerebral neurosecretory cells which send their
axons to the neurohemal cdrpus cardiacum (Weyer, 1953).
Physiologically these systems are important in the regu-
lation of molting, diurnal rhythmicity, egg dlapause,
pigmentation and water retention.

Investigators have recently discovered another
neurohemal system. Raabe and Chalaye (1966) suggested

that swellings on the median (spiracular) nerve systemn



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.
Smalley (1970) found three groups of neurosecretory cells

in the abdominal ganglia of Periplaneta americana whose

axons terminate in the neurohemal swellings. Smalley
(1970) also discovered that these abdominal neurosecretory
~cells and the median nerve neurchemal organ (MNNO) both
appear to have uptake mechanisms for dopamine.

One of the major objectives of this study is to
investigate possible physiological roles of the MNNO
neurosecretory material., Identification of the neuro-
secretory material by light microscope histochemlistry
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 blogenic amine is normally stored in this system;
then scme possible functions for this neurosecretory system
could be suggested. Blogenic amines have been found in
whole bocly extracts (Oestlund, 1954), the brain (Frontali,
1967) and the ventral nerve cord (Welsh, 1960), of P.
americzrna. 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 vertebrstes, as neurotransmitters (Frontali,

1967). Biogenic amines also show metabolic effects in



insects. Epinephrine accelerates the rate at which fat
body triglycerides are hydrolyzed (Bhakthan, 1967), and
dopamine serves as a precursor of N-acetyl-dopamine, the
suvstance responsible for tanning of the insect cuticle.

The products of the MNNO might also be related to
two blogenic 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 S, which
1s possibly an aromatic amine with an ester group, is
responsible for hormonal neuromuscular excitation. The
highest concentration of Factor S in P. americana is in
the ventral nerve cord.

The present study has been deslgned to Investigate
possible functions of the median nerve neurohemal system.
To accomplish this task, the ultrastructure of the neurohemal
organ has been studied under variou§ physiological conditions.
Additional studies with the fluorescence microscope have |
been simed at determining the relationship of catecholamines
to the entire neurosecretory system. A preliminary hypothesis
on the physiological function of the system has been
suggested.



MATERIALS AND METHODS

ANIMALS

Periplaneta americana Linnaeus, the American cock-

rcach, 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 staﬁdard conditions
were used, Adult msle and female anlimals were placed

in separate 1solated 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 Wweek. Water was

avallable at all times.,
ELECTRON MICROSCOPY

Experimental Conditions. Various techniques were

employed to investigate changes in the MNNO neurosecretory
material. Pharmacologlical agents with known effects upon
either catecholamines or neurosecretofy systems in, genersal
were utilized in an effort to relate fine structural changes
in the MNNO to a specific hormone. Adult males were used
exclusively under all experimental conditions. All injec-
ions 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 reserpins, 2.5 mg/ml serpasil phosphate (Ciba)



was prepared in distilled water and injected twenty-four
hours before dissection., Distilled water control injec-
tions were also given twenty-four hours before dissection.
A lO—'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 ths form of a élightly turbid
suspension prepared by dissolving the chemical in 95%
ethanol and injecting the ethanol solution below the
surface of saline in a 1:50 ratio. This was followed

by immediate mixing and use. The animals were dissected
when completely paralyzed (about thirteen hours). DDT
dosage was seven mg/kg. Ethanol, 2%, was injected as

a control for the DDT study and the animals were dissected
gt thirteen houra. Adult males were also cooled or dehy-
drated to investigate fine sgstructural alterations in
relation to physiological stresses. To dehydrate them,
animals were placed in an isolated colony without food

or water for either three or ten dayé. For cold treatment
the animals were placed in the refrigerator at 0-5°C

until 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,



maintainad at pH 7.4 with 0.1 M cacodylate buffer unless
otherwise specified). The MNNO were exposed by dissection
and tae glutaraldehyde fixative pipetted onto them. The
orzans 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 O.1 M cacodylate
buffered 1% osmium tetroxide, dehydrated in ethanol series,
rinsed in propylene oxide, and embedded in an Epon-Araldite
mixture (Epon 812 25 ml, Araldite 6005 15 ml, dibutyl
phthalate L ml,‘dodecenylsuccinic anhydride 55 ml, DMP-30
tridimethylaminomethylphenol 0.3 m1l/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
45-8 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
materisl at the ultrastructural level. Specifically,

changes in granule-vesicle content of each axon were of
major ianterest. For determination of the relative pro-
portions of vesicles to granules in each axon, the granules
and vesicles in‘individual axon endings were counted.,

After calculation of the percentages of granules and



vesicles in each individual ending, mean percentages for
all axon endings were determined. In Table 1 these mean
sercsnbages for each treatment group are related to the
niumber of endings counted and the number of vesicles and
granules counted., To give numbers of granules ard vesicles
per unit area in each axon, an area 16 X 108‘micron32
was measured and all granules and vesicles within this
area counted. Granule or vesicle size was determined
by measuring the dlemeter of fifty granules and fifty

vesicles taken at random from at least five micrographs

from two different animals.
FLUORESCENCE MICROSCOPY

Experimentsl Conditions. Solutions of 102 M

d-{-dopamine, d-f-norepinephrine or d-¢-dopa were prepared
in saline., All animals were injected with 0.05 ml intra-
abdominally and dissected one haur after injection. A

3 X 10’3 M solution of the monamine oxlidase inhibitor,
parnate (trancypromine 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 below.



Table 1,

2 sxon endings in the MFNC under vsrious experimental conditions.

Comparison of dsta of the grunule to vesicle relstionship in type

No. of Total Count Average ¥ ¥o. of Total No.
Pictures granules of granules granules of granules
Experimental] Analyzed vesicles or vesicles veuiolcg per plus vesicles
Conditlon per endilng 16 X 10 per
Animels No., of miorons 16 x 108
Observed axon endings at 24,000 X microns?
at 24,000 X
Normal 10 1830 @ 86.5 £ @ 63.4 G
Cscodylate 3 s02 v 135 %Y 9.0V 62.4
34 B
Cacodylate 10 22 6 7.2 % a 6.2 @
Erratic-Fed 2 212 g 92,8 £ V 55.6 V 60.8
T hour 5 211 o 86.1 £ G 47.6 G
gluteraldehyde| 2 207 1394V 12.7 v 60.3
% hour 4 201 o 85.0 £ @ §3.2 @
glutaraldshyde 2 19 ; 15,0 § V 7.9V 61,1
6
4 119 @ 24,9 % @ 18.7 @
3
doh;;iation 1 37; g 75.1 %V 35.6 V 5¢.3
10 A4a [ 443 G 82.0% G 15.8 G
dohydrition 2 103 v 18.0 4 V 3.6V 19.4
26 B
DDT 5 362 6 81.8 £ @ 19.1 @
injection 2 106 V 18.2 £ V 4.3V 23.4
25 E
Dopsmine 9 514 G 96,7 £ @ 79.6 G
injection 3 49 Vv 23%V 2.6V 81.6
11 E
Saline 5 410 @ 2.2 4 6 35.9 @
injection 2 632 v 57.8 £ V 39.3 V 76.2
20 B
Reserpine 8 271 4 9.,6% 0 34.9 G
injecgion 2 280 v 50.4 ¥ V 36.4 V 71.3
10 E
Nist. Weter 10 856 ¢ 68.1 % G 38,5 G
injection 2 646 V 41.9% vV 27.8 V 6643
22 E
Coolad 5 8l4 G 79.8 £ 0 61.3 G
orimels 2 72 v 20.2 4 V 5.7 V 67.0

15 B




Tissue Processing and Inspection. Adult male

enimals were anaesthetized by cooling in the refrigerator

witll all movements ceased. The first and second abdominal

ganglia'(Al and A2) were quickly dissected out with the

MNNO attached. The ganglia were frozen in lsopentane

cooled with liquid nitrogen and processed accqrding to

the technique described in detall by Falck and Owman

(1965) for rendering catecholamine containing structures
luorescent. The lyophilizad ganglia were treated with

formaldohyde gas by heating them in a one liter bottle

containing five gm paraformaldehyde (previously equilibrated

with sir at 70% relative humidity) st 80°C for one to

tixree hours. After vacuum-embedding the tissues in paraffin,
scctions were cut at eight microns in the sagittal plane.

The tissues were observed under dark field optics with s

Leltz fluorescence microscope with Wratten barrier filter

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

arc lamp. Photographs were taken with Ewtachrome X,

ASA 6l.
LIQUID SCINTILLATION

Male and female animals were Injected intra-
abdominally with 0.1 ml (ten microcuries) or 0.05 ml
(five microcuries) of def-dopamine-l-HB-HBr (New England
Kuclear: Specific activity 100 mc/mM)., At intervals

of five, fifteen, thirty, sixty, and one hundred and



10
twenty minutes animals were killed by decapltation, 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 fifth abdominal ganglia (AL4-A5), sixth
abdominal ganglion (A6), MNNO in front of Al, MNNO in
front of A2 and, as control tissues, nerve ccnnectives
located between A5-A6 and A2-A3., Each individual tissue
zroup from two animals was placed in é scintillation
vial containing one ml NCS solublilizer. The tissue was
digested in the NCS solution for twelve hours at 60°C
and then ten ml of PPLO liquld scintillation fluid was
added to each vial. The tritium content in each tissue
wag determined by counting in a Nuclear-Chicago Unilux
IT liguid scintillator.



RESULTS

GENERAL ANATOMY

Tire median nerve neurohemal organs of Periplaneta

are inconspicuous swellings arranged segmentally on the
medlan nerve system (Fig. 1). The median nerve extends
vosteriorly from each abdominal ganglion to Just in front
of the following ganglion, where it connects with the
neuronemnal organ. From the neurohemal organ a pair of
transverse nerves pass laterslly to spiracles and a short

nedian nerve extends downward into the ganglion,
ELECTRON MICROSCOPY

1. Ultrastructure of the MNNO in Normal Animals

The MNNO is encased by a continuous outer sheath
of thic¥% comnective tissue which has profuse'ramifications
into the neurohemal organ proper. Axons, arising apparently
from the short median nerve, branch extensively to form
& large srea 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 oi" the nsurohemal organ. Thése nerve tracts,
containing several axons, are surrounded by the axon
erndings containing the neurosecretory maﬁerial. Most
of the endings contaln very large numbers of vesicles

and granules in the normal animal (Fig. 2). Two types
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Fige 1e¢ Vontrzcl nerve cord of Poriplaneta emericana show-
ing ganglie L1, 4B, AD, transverse nerve(TN), mediasn nerve.
neurohemzl organs (MNNO), short median nerve(SMN), and long
zodlan nerve (LMN).

SMN

\

| \ MNNO A2
/

A2 4 \\TN

MNNO A3

Ad



Fige 2. Eloctron micrograph of the MNHO from the second
abdomincl ganglion of a normal male P, americana. Type

2 axon endings (E) containing small electron dense gran-
ules and elcctron transparent vesicles are clearly evident.,
About X 12,000
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NO from the second abdominal ganglion of a normal
Type 2 endings are surrounded by glisl membranes (GM)

it

M

Fige 5

female,.

A type 1 ending, containing

and contain mitochrondria ().

&bout X 12,000

large electron dense granules, can be seen surrounded by

connective tissue sheath,
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ol neurosecretory endings have been found: type 1, con-
taining large electron-dense granules 1000-2500 & in
diameter, and type 2, containing small electron dense
granules 600-1600 R in diameter and electron transparent
vesicles 800-1900 £ in diemeter (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 éxperimental 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 primary fixsative.
The type 1 endings most frequently lie in direct contact
with the outer connective tiasua sheath or 1ts 1nward
continuations (Fig. 3). The large electron densa granules
show no noticeable changes in any of the experimentsl
conditions. The type 2 axon endings are usually invested
by glial membranes. Nuclel found in the neurohemal organ
are glial cell nuclel. Mitochrondria are found freely
distributed throughout the axons.

2. Neurosecretory Material in the MNNO

a. Male and Female; Regular Feeding and Watering.‘

No differenceé 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 ;). Also,
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the granules and vesicles per unit area and the total
rumber of granules plus vesicles per unit area does not
show a significant difference. These data suggest that
the neurosecretory material has a similar functicn in
both the mele 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 thﬁf are the prominent feature in the

tybe 2 endings in the normal animal become greatly reduced
in number (Fig. 4). The total number of granules plus

vesicles does not changeb bowever, tha percentage of

granules to vesioles undergqps e dr
Fig. 23, 24). These animals"* appear s
described by Brady and Maddrell (1967). It seems possible

ar to thase

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 glutgraldehyde 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
centrel animals., Comparison of the normai animals with

irregularly fed and watered animals treated with phosphate
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Fige 4. Soctlon of MNNO from the first abdominal ganglion
of an irregularly fed and watered male P. americana fixed
with cacodylate buffered glutarsldehyde. About X 12,000
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Fige 5. Eloctron micrograph of the MNNO from the second
abdomiral ganglion of a noraal male P, americeana, Phos-
phate rather than cacodylate buffered fixative was used
in this preparation. About X 12,000
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or cacodylate buffered fixative shows no difference in
the total number of granules plus vesicles but a cheange
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 and Ten Day Dehydration. In animals

dchydrated for ten days, neurosecretory material in the
{ype 2 endings has been severely depleted (Fig. 6). Both
the average number of granules and the average number

of vesicles per unit area are greatly reduced compared

to the normal animal (Fis. 2&)- Howavér; granule-vesicle
percentages 1in 1nd1vidual endin o o e

normal animal (Pig. 23); A multi or aingle :Lamellate

structure, possibly a lysosomal body appears in many of
the depleted axons (Fig. 6). -

The animals dehydrated for three days display only
a slight depletion of 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 is released in insects treated with DDT (Cook, 1967).
DDT injection in the cocckroach causes depletion of the
neurosecretory material in type 2 axon endings. The

endings appear strikingly similar to the ten day dehydrated
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Fig. 6. Soction of MMNNO from the second abdominal ganglion
of a 10 dey dehydrated male, Yotice the multiple and singu-
lar lamellate structures (L) in the type 2 axon endings.,
Sbout X 12,000
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v U

-

v S s

T

Fig. 7. Secition of LMNNO from the second abdominal ganglion
of a 3 day dehydrsted male., A&bout X 12,000
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caimal (Pig. 8). Gramule and vesicle percentages in
individual endings are near normal (Fig. 23), but the
nunbers of both granules snd vesicles per unit area are
greatly reduced (Fig. 24). The lamellate structures
are again found in‘mahy‘of the depleted endings (Fig. 8).

. Dopaminef;gje#ﬁipn,;Aihtva-abdoﬁinal thection

of dopamine causes vefy\nogicedblé7éffects in the granule-
vesicle relationship compared to the saiine controls.

Ail of the endings éppear completely packed with granules
and show few electron transpérent vesicles (Fig; 9).

This suggests that dopamine or a metabolic produét is

being taken up and stored in th ge number

thef

of granules pey -8 .
ani@al

szline contr }

(Figs. 23, 2lj, Table 1).

g. Saline Injection. Injections of 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 meterial from the type 2 endings (Fig. 10).

h. Reserpine Injecticn. Reserpine has long been

known to deplets intraneuronal stores of catecholamines

(Frontali, 1969). In the present study, no distinguishable



Pige 8o

of a male treatod with DDT,

Scveral of the type 2 endings

contain lamellate structurcs (L) much like those found in

the dehydrated animals,

Lbout X 12,000

Ssction of IINIO from the second abdominel ganglion
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Fige 8. Section of MMNNO from the first abdominal ganglion
of a male injected with dopamine, &Lbout X 12,000
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Fig. 10, Section of KNNO from the first abdominal ganglion
of a male injected with sz=line. About X 12,000
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crangs in nsurcsecretory material could be observed between
the control animals injected with distilled water and the
sxperimental animals injected with reserpine (Fig. 1l).
Both the granule-vesicle percentages (Fig. 23), and the
numbers of granulesjgndW§981cles per unit area (Fig. 24)
are very similar to thé&égntrolg#@}uas.

1. Distilled ﬁéﬁéfi§§3§§£ioh; Injections of

distilled water cause an increase in the percentage of
vesicles per axon ending (Fig. 23) but the total number

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

sallne injections. Injections of[e;ther”sglina or%éistilled

water seems to cau

time

1

-3
of primary fixation‘withvgl&téraidahyde»maﬁe i e dif-
ference in the granule or vesicle content (Figs.'lj, 14).
Granule and vesicles percentages per axon ending, the
numbers of granules and veslcles per unit area, and the
total number of vesicles plus granules all remain similar

to the normal animal (Table 1).
¥. Cooling Animal Before Fixation. Preliminary

results indicate no noticeable changes in the neurosecretory
material (Table 1, Fig. 15). Percentage of granules to
vesicies in individual axon endings, average number of

granuies and vesicles per unit area, and the total number
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Fige 11. Section of LINO from the second abdominal ganglion
of a male treated with reserpine, About X 12,000
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Fig. i2. Section of LIUO from the second abdominal ganglion
of & maia injected with distilled water. About X 12,000
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Pige 14, Section of NMNNO from the second aebdominal ganglion
of a normal male Tixed with cacodylate buffered glutaralde-
hyde for 1 hour, L&bout X 12,000
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Pige 15, Section of MNNO from the second abdominal ganglion
of a male cooled in the fefrigerator for 30 minutes bvefore
primary fixetion. 4&bout X 12,000
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oif grunules plus vesleles all clossely resemble the normal

cnimal (Table 1).

3.' Tormal Structure of the Transverse Nerve.

Electron micrographs of the transverse nerve from
normal males show nerve tracts surrounded by an extenaive
connective tissue sheath. Woven in and out of ﬁhq con-
nective tissue sheath are se#éral axons contalning large
slectron dense granules 1200-1800 £ in diameter, with an
average diameter of 1750 & (Fig. 16). No other granules

or vesicles are present in any of the axons.‘4It~$§emsg¥

The_fluorescénce hiséocheﬁical method devel pedg
by Falck and Hillarp (Falck and Owman, 1965) has provided
a means for studying the localization of amines on a
cellular level. With this method nerve cells containing
catecholamines or S-hydroxy-tryptamine can be identified.
This technique has been used in the following studies

to ald in 1dentification of?the neurcsecretory material
in the midline median nerve cells, MMNC, whose axons

form the type 2 endings in the MNNO (Smalley, 1970).
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Bloctron nmicrograph of the transverse nerve from

sl melo., Larzo electron densé granules (G) typlcal
£o in type 1 exon endings are sccn surrounded by
vive tissue ctheath. About X 18,000
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1. IMN3C in Normel Male and Female

Lfter one hour trestment with gaseous formaldehyde
althouzgn no fluorescent cell bodies could be seen in the
Zcdominal ganglia several areas of the neuroplle developed
yollow fluorescence. Sections of abdominal ganglia 1
and 2 not treated with formaldehyde showed only dark-
yellow fluorescent dots. Prolonged treatment of three
hourcs did not enhancelfluorescence or bring about the
appearance of fluoreseenc cells or new fluOre#cent areas
¢ the neuropile. Control sections of the brain of both
male and female showed fluorescence in the central bedy -

and the corpora pendunculata.

2. DMMNC Under Experimental Conditions

a. Dopamine Injection. Serial sagittal sections

of abiominal ganglia 1 and 2 from dopamine~injected aduit
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
MNNO were probably lost in tissue preparation. The brain
control showsd intense fluorescence in the central body
and corpora pendunculata (Fig. 20).

b. liocrepinephrine Injection. Norepinephrine is

apparently not teken up in the MNNC under the conditions

of these experiizents., Serial sagittal sections of abdominal
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FiZe 17. Fluorescence photomicrograph (sagittal section)

2 gocond abdominal ganglion showing LMIC group 2 after
protroatment with dopamine, &bout X 200

i
A

L
o~
(8

Fige 18, Fluorsscencso photcmicrograph (parasagittal section)
of a Tirszt abdoaminal guaglion showuing MMNC group 2 after preo-
treatmeant with dopamines Lbout X 200



Ze &9 Fluorescence photomierograpn of MNNO from the
cond abdominal genglion of e male after injection of
pamine, Ldout X 400

Fige 20. Fluorescence photomicrograph (frontal section)

of the cencral body in the brain of a normel animal,
Lbout X 200

36
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2nglilis 1 and 2 revealed no fluorescent areas resembling
ccll becdies even after proleonged formaldehyde treatment of
three hours., IHowever, no controls were run concurrently

with the norepinevhrine injcete e o
ith © n pinevhrin njocted animals

c. wora Inicction. Examination of serial sagittal

cctions of abdominal gangiia 1 and 2 revealed no

[ &4]

o,

cont aresas resembling cell bodies. Prolonged

]

Ciuoro

“

forma_dshyde treatment did not give any further evidence
of flvorescence in any of the ZINC. The brain controls
crowed yellow green fluorescence in the central body and

the corpora pedunculata.

d. Parnate Infectlon., Parnate is known to be a

strong monoamine oxidase inhibitor in insects (Chaudhary,
1967). Animals injected with parnate showed extreme
wyperactivity. The injection of parnate two hours before
Clssection did not reveal any biogenic amines in the
1.0 cven after prolonged formaldehyde treatment ofbthree

hours.
LIQUID SCINTILIATION

=+ Uptece of Dopamine-l-H3 in the MNNO.

Zules end feomales show little difference in uptake
qf triticted dopamins into the [KHNO. Figure 21 shows
the rceiction of MINO to conbrol tissues (nerve connectives
in Iront of 43 to just behind A2) in animals injected

™
with dopamine-1-H-” and discocted at five to fifteen,
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Tiftecsn vo thirty, forty-five to sixty minutes. The
-0 anpears to have a rgpid uptake of Ltritium labeled
dovanine. Highest disintegrations per minute/MINO are
found in the Tive to fifteen minute injection time range.
The tritium label 1g, however, either rapidly released

» Aifiused from the nourohenel organ., AU sixty minutes,
tio L0 of both the female and male show only slight
variations from tho control tissue. The wet weight of .
the LUGI0 could not be determined because of its very
cnall size and consequontly, the counts are expressed
ws dpm/HiEO or dpm/control tissue. It must be kept in
mind That the KNNO is actuelly many times smaller in
weight than the control tissue. From these data it cennot
bo determined whether the initial high concentration of
tritium label in the MNNO is due to an actual uptske or
rather an equilibration of the high concentration of

dopamine in the hemolymph with the MINO.

2. Uptake of Dopamine-l-H3 in Various lervous Tissues
Figure 22 reclates the uptake of label in the brain,
VN0, L-AS, Al-A3, A6, and control tissue {(connective
nerve tissue AS to 46, A3 to AL) in males injected with
dopamine-l-H3 end ¢issected at fifteen, thirty, sixty,
and one hundred and twenty minutes. The brain (Frontali,

1967) zz& the sixth abdeominsl ganglion, A6 (Farley, 1967)

have becn shown to have stores of bilogenic amines.
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Fig. 22, Upteke rnd relscse of 1077 I tritisted dontmine by

the 117770, A6, Brain, 41-43, A4-45, ond control n:rve
connective £5H-74 ovor the time sp'n 15-120 mirutes.
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Fiourc 20 demonctrates that the brain and A6 take up
Looel from injected dopamine, At fifteen or thirty minutes
both cf these tissues have a low tritium content with
a gredual but consistent rise up to the end of the experi-
ment at one hundred znd twonty minutes,

& osignificant peint is the gradual uptake of label
1w the brain and A&, The MNII0, AL-A5, and Al-A3 all
cppesr to follow a different trend. They all show high
initial uptake of lagbel followed by rapld release. The
control tissue follows much the same pattern with a lower
initial uptake of label, Dopamine or a metabolized product
ic apparcatly either taken up rapidly or is equilibrated
between the high concentration of tritium in the hemolymph
and lower concentrstions in the MNNO, Al-A3, AL-A5 and
then rapidly diffuses out. The brain and sixth abdominal
sanglion on the other hand, take up and store the tritiated

dopamine or a metabolized product.
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PISCUSSION

TWo types of neurosacretory material have been
found in the median nerve néurohemal organ., In type 1
endings there are largc clectron dense gzranules 1000-
2500 £ in djameter and in type 2 endinge thefe are small
glectron dense granules 600-1600 % ia diameter as well
as elactron transparent vesicles §00-1900 R in diameter.
Scveral experimental coxnditions cause variations in granule
and vesicle percentages in axon endings, but under most
of these conditlons the total number of granules pius
vesicles does not change significantly. It 1s logical
to assume that if the totsl number of granules plus
veesicles does not change under conditions affecting the
r.tlio of granules to vesicles, the granules and vesicles
are probably interrelated. This suggests that the eiectron
transparent vesicles are probably empty (containing no
neurosecretory material) smzll olectron dense granules.
.o evidence of release sites like tiiose described by
other workers (Smith, Smith, 1966; Scharrer, Kater, 1967)
have been found in any of the normal or experimental
animals (for either type 1 or type 2 endings). It seems
orobable that the neurosecretory materisl in type 2 endings
iz diffusing out of the smell electron dense granule
membranc and through the outer connective tissue sheath

into the hnemolymph.
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Azsuming that the change in relative proportions
of granuies to vesicles is indicative of release of neuro-
coeretory material, then the conditions under which the
change occurs could sugzest posscible functions for ths
normonc. 4ny type of intra-abdominal injection, distilled
water or saline, seems to deolete some of the neurosecretory
mabterial from the small electron denss granules. Maddrell
{196l;) has chown a hormone to be rolecased in Rhodnius
by dictention of abdominal stretch receptors sensitive
to veritical abdominal distention. Such may be ths case
sacn large volumes of saline or distilled water are injected
into the abdomin of ths cockroach. It is also possible
that the injectlon causes osmotic changes in the animal
resulting in releases of the neurosecretory material.
Dehydration of the animal for ten days leaves the
yoe 2 endlingzgs severely dopleted of neurosecretory material.
Presently, 1t cannot be determined whether the decrease
in neurosecretory material is due to dehydration, lack
of fbod, or a comblnation of these. It is interesting
to note that irregular feeding and watering does not
change tne total number cof granules 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
waterin; can the type 2 ondings be shown to ccntain small

clectron dense granules. These results suggest a
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cetweccen the availabllity of food and or water
to the scorezge and retention of the nsurosecretory msaterial.

Uircatment of the MINO with DDT causes depletion
of the type 2 cndings with striking similarity to the
ten day dehydrated animal. Maddrell (1970) has shown
Rhondius paralyzed by DDT, releases a diuretic hormons.
Again, 1t seems possible that water metabollism is important
in ncurosscretory matericl release in the cockroach.

From the above data i1t can be deduced that no
rcal correlation can be made between the DDT induced
Cepletion of neurcosecretory material and a specific function
for the MNNO., Also, a8ll of the previous physiological
circumstances are stress conditions. Possibly, the neuro-
ceerebory material is in some way functioning during
stress conditions. Coo%x (1969) has shown that a biogenic
cmine released from the ventral nerve cord of P. americana
by DDY poisoning functlons as a neuromuscular excitatory
substance. All of the results scem to point toward a
relationship between stress conditions and the release
ol neurosecretory material in the type 2 endings.

Typo 1 neurosecretory endings have been found in
the transverse nerve socme distance from the MHNO., It is
possible that peripheral neurosecretory cells are contributing
large electron dense greanulea to the neuroelmal organ via

ransverse nerve., Fianlasyson and Osborne (1968) have

ot

-
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o

(A.

[¢5
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Ibed such a system in Czrzusius and peripheral neurons
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inve been found on branches of the segmental nerve of
z. gzericuna (Smalley, personal communication). In no
circumsicance was there any observed change of the type 1
neuroscecretory material or endings under normal or experi-
rmental condltions.

Using the fluoresconce technique of Falck and
Cuman, no catvecholamines hiave bpeeon found in either the
FMNC or the IIUINO ¢f normal animals. Nevertheless, auto-
radlographs have shown that tritiated dopemine is taken
wp by the MINQ, XUNC, ard short medisasn nerve (Smalley,
1970). The present study has also demonstrated the uptake
of dopsamine into the MNNO and MMNC. When anlmals were
injected with dopamine, both the MMIC and the MINNO were
rendered fluorescent. Since thils fluorescence is specifie
for catechoclamines or 5-hydroxy-tryptamine in other animals
{Jonsson, 1967) it seems likely that the fluorescence
observed in this case is due to the uptske of exogenous
dopanine by the MIIC and IIN0. Under similar conditions
nelither dopa nor norepinenirine vere taken up in the MMNC.
This suggests that the uptake mechanism is quite specific
for dopamine, quite unlike the uptake mechanlism found in
a marmalian catecholemine system (Eillerp et. al, 1965).

The presence of a dopamine uptake mechanism in
colls which do not ordinarily contain a catecholamine is
cimiier to the situation found in the parafolliculsr cells

JO-

¢ the mouse thyroid. These cells cen selectively take
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Lo exozenous dopa and dopamine, but no trace of
cooecholamines can be demomstrated in the normal animal
tzing the fluorescent technique (Larson et. al, 1966).
_arvscon (1966) has cpeculated that in the parafollicular
¢ell syustem some amine 1s operating which does not forﬁ
Tivorophores with formuldeihyde or the amine is not retained
by cellular storage mecianicus in cencentrations high
cmough to be demonstrated histochemically. This situation
seems ©o be very cimilar to The preliminary observarnces

ol the uiil and M¥II0 made by this investigator.

Jaim-Etchevery and Zieder (1968) have suggested
that thyrocalcitonin and S-hydroxy-tryptamine are stored.
together in mouse parafollicular cell granules. They
have implied that the amine may act in some stage of the
processes of metabolism, storage or liberation of the
hormone. Dopamine or a metabollzszed product could possibly
nove a similar function im the 0., It is perhaps sig-
nificant in this regard, that injection of dopamine causes
an Inecrecase in the number and percentage of small electron
censge grenules in the type 2 endings,

Injections of tritiated dopamine into the cockroach
show interesting relationships between known catecholamine-
conteining systems and the medisa nerve neurosecretory
svstem. The brain (FProantali, 1967) and the sixth abdominel
seagiion (Farley, 1967) havc cndogenous stores of

cateclzolamines. DBoth these tissues gradually accuwaulate
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_.bel cver the two hour experimental period, The MNNO,
2@ asbdominal ganglia contalning tho I, on the other
~and, both have high counis soon after injectlon, but
rapidly lose the label thoercuafter. At two hours after
injections, concenbrations of the tritiuwa label sre very

high in the braein and cixbth zbdominal ganglion while

&)
8]
Hy

concentration the label in the MNHO and ML appear

(¢

o be only slightly above the control nerve tissue, It
28 prescntly not clear winether the initial high count

ol tritium in the LHE0 and [LLIIC is due to an actual uptake
of dopemine into the system or rather an equilibration

ol the high concentrations of dopamine in hemolymph with
the Iaterstitial =paces of these tissues. The difference
betvween the median nsrve neurosecrstory system and the
known catecholamine containing tissues suggests that
e;ther dopariine is not beinz tdren up selectively in

tie MNNO and MMNC or that these latter tissues do not
have intrancuronal storage capacity for large quantities
of dopamine.

The results of this gtudy indicate that the median
nerve neurosecretory system 1s probably not a catecholamine
contalning system., Ilowever, 1t is possible that a biogenie
arine closely relatsd in structure to dopamine is present
in this system. Eithor this aminc is not stored in con-
centrastions high encugh to be detected by the histochemical

methods of Falck and Ouman, or it is not amenable to this
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stuorcocenece technique. Most preliminary resultc suggest
. close corrclation betwesen physiological stress conditlons,
cepeciclly in relation to water metsgoolism, and the release
o ncurosecretory materisl from type 2 axon endings in

the KINNO.
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