
Cardioaccelerator Release in 

Periplaneta americana (L) 

Abstract. Focal electrical stimulation 
of the brain of Periplaneta americana 
evokes the release of a factor with high 
cardioaccelerator activity. Results of 
extirpation of components of the retro- 
cerebral complex from an isolated head 
preparation imply that the corpus car- 
diacum is the critical component of this 
system. The cardioaccelerator is a heat- 
stable proteinaceous compound. 

Studies of the structure and function 
of the corpora cardiaca in insects have 
established that these bodies are neuro- 
endocrine organs. The corpora cardiaca 
are characterized by axon profiles which 
contain several different types of neuro- 
secretory granules (1). The complexity 
suggested by the ultrastructure is em- 
phasized by the variety of pharmaco- 
logical activities which can be evoked 
by extracts of the corpora cardiaca (2- 
6). Using a modification of classical 
perfusion techniques, I have demon- 
strated the release of a factor from the 
corpora cardiaca which accelerates 
cardiac frequency. 

It is generally accepted that a cardio- 
accelerator substance is secreted from 
the corpora cardiaca (2, 4). However, 
Cameron (3) and Davy (4) used extrac- 
tion procedures which left undeter- 
mined the nature of the cardioaccelera- 
tor substance actually released. The 
corpora cardiaca undoubtedly contain 
several substances which can accelerate 
the cardiac frequency. "Adrenergic 
substances" (5), 5-hydroxytryptamine 
(7), and two compounds which appear 
to be proteins (8) are all present in 
corpora cardiaca extracts, and, in ap- 
propriate concentrations, will accelerate 
the cardiac frequency. The nature of 
the substance actually released from the 
corpora cardiaca as a functional cardio- 
accelerator is unclear. 

The assay procedure used by Ralph 
(6) was chosen and modified to facilitate 
interpretation of the results. A mechan- 
ical transducer was placed on the heart 
and coupled to a chart recorder so that 
continuous records of cardiac frequency 
could be obtained. The transducer stylus 
was placed adjacent to the heart in the 
third abdominal segment of the isolated 
preparation. The effect of replacing the 
normal saline on the test heart with 50 

pJ of perfusion solution was expressed 
as the percentage of change relative to 
the basal heart rate (BHR). The BHR 
of a test heart was determined by calcu- 
lating the mean number of beats per 
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minute, over the 2-hour period which 
preceded the assay. 

The isolated head preparation (Fig. 1) 
was used as the source of the cardio- 
accelerator substance. Adult male 
Periplaneta americana, 3 to 12 days 
after metamorphosis, were used for 
these experiments. An isolated head, 
with the retrocerebral complex exposed 
and the gut ligated, was mounted on a 
wax block. No anesthetic was used for 
the operation. The preparation was per- 
fused with 75 t1 of Pringle's insect 
Ringer (9). This solution drained 
across the brain, corpora cardiaca, and 
corpora allata, and was then collected in 
a small glass vessel as it ran off the 
ligated gut. The solution was withdrawn 
from the vessel and again perfused over 
the preparation approximately once per 
minute for the duration of the 15- 
minute test period. At the end of this 
period the solution was removed from 
the glass vessel. This procedure was re- 
peated for eight successive 15-minute 
periods. All eight samples were then 
individually assayed on an isolated 
heart. 

The dark portion of the histogram in 
Fig. 2 shows the results of a typical 
experiment. While the first seven per- 
fusion samples were being obtained 
electrodes were in position, but no 
electrical stimulation was applied. 
Concomitant with the eighth perfusion 
period, a 15-volt, 0.3-msec pulse was 
applied at a frequency of once per 
second. The brain was stimulated by a 
silver-silver chloride electrode (20 A in 
diameter) on the anterior dorsomedial 
surface of each brain lobe. A pin 
through the labium served as the anode. 
The position of the anode had no influ- 
ence upon the results. 

The basic pattern displayed by the 
black portion of the histogram (Fig. 2) 
was observed in all 14 cases performed 
in this series. Perfusion samples 1 and 2 
characteristically contained relatively 
high cardioaccelerator activity. This 
may be due to postoperative trauma 
since perfusions were always started 
within 5 minutes after the initiation of 
operative procedures. Subsequent per- 
fusion samples, in the absence of elec- 
trical stimulation, contained consid- 
erably less activity. This appears to 
represent a steady-state level of release, 
which begins with the fourth perfusion. 
Even when 26 consecutive perfusion 
samples were obtained in the absence of 
electrical stimulation, the activity of in- 
dividual samples (after the first two) 
was within 10 percent of that in the 
fourth sample. When electrical stimula- 

Fig. 1. The isolated roach head used in 
the stimulation and perfusion of the retro- 
cerebral complex. B, Brain; CC, corpora 
cardiaca; CA, corpora allata; G, gut; V, 
glass collecting vessel. 

tion of the brain accompanied a perfu- 
sion, as in sample 8, there was always a 
marked increase in cardioaccelerator 
activity. 

In seven additional preparations, the 

corpora allata were removed before the 
first perfusion sample was collected. 
This operation did not alter the ability 
of brain stimulation to evoke cardio- 
accelerator release into the perfusion 
medium. Perfusion sample 8 (during 
stimulation), in the allotectomized prep- 
arations, contained between two and a 
half to four times the activity of the 
seventh sample. The overall pattern for 
allotectomized preparations was that of 
preparations with the retrocerebral com- 
plex intact. When the corpora cardiaca 
were removed, before the first perfusion 
period, brain stimulation failed to evoke 
increased cardioaccelerator activity in 

160 

140 

120 

100 
1 2 3 4 5 6 7 8 

Perfusion t 

Fig. 2. The cardioaccelerator activity, ex- 
pressed as the percentage increase in the 
basal heart rate (BHR) of the assay heart 
for individual 15-minute perfusion samples. 
The dark histogram shows the results 
with an intact retrocerebral complex; the 
white histogram shows the results from a 
preparation with the corpora cardiaca re- 
moved. The arrow indicates electrical stim- 
ulation to the brain for both cases. 
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the perfusion solution (Fig. 2). In addi- 
tion, the cardioaccelerator activity was 
decreased in all perfusion samples. 
These results were observed in all nine 

experiments of this type. 
When the corpora cardiaca, rather 

than the brain, were stimulated, release 
of cardioaccelerator was increased. This 
raised a question concerning the mode 
of release when the brain was stimu- 
lated. Electrotonic spread of a stimulus 

applied to the brain might affect the 

corpora cardiaca directly. As a control, 
the brain was stimulated in the usual 
fashion, but all of the nerves to both 
sides of the corpus allatum-corpus car- 
diacum complex were cut (Fig. 3). In all 
of the seven cases of this series, brain 
stimulation failed to evoke cardioaccel- 
erator release. The amount of cardio- 
accelerator released was significantly 
different from that released by intact 

preparations (P < .01). This finding 
implies that neural connections are nec- 

essary for brain stimulation to evoke 
cardioaccelerator release. It also tends 
to discount the possibility that electro- 
tonic spread of the stimulus affected the 

corpora cardiaca directly. Direct stimu- 
lation of the bulbous area of the corpora 
cardiaca in denervated preparations re- 
sulted in the release of three to six times 

the cardioaccelerator activity contained 
in perfusion samples obtained in the 
absence of stimulation. Thus, denerva- 
tion did not alter the ability of the 

corpora cardiaca to release the cardio- 
accelerator. 

To determine whether a specific neu- 
ral pathway between the brain and 

corpora cardiaca mediates cardioaccel- 
erator release, the isolated head prepa- 
ration was again employed, but in each 
a specific nerve (10) to each side of the 

corpus cardiacum-corpus allatum com- 

plex was severed (Fig. 3). The brain was 
then stimulated in the usual manner. 
The effect of cutting a particular nerve 
was determined by the ability of brain 
stimulation to evoke increased cardio- 
accelerator activity in the perfusion so- 
lution. Separate roaches were used for 
each experiment, and the results of at 
least five experiments were pooled for 
calculation of the mean values. Severing 
only one of the eight nerves (NCC 1) 
consistently resulted in cardioaccelera- 
tor activity significantly lower than that 
of intact preparations (P < .01). 

My evidence demonstrates that a 
cardioaccelerator substance is released 
from the corpora cardiaca and suggests 
that a neural pathway between the brain 
and corpora cardiaca can mediate this 
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Fig. 3. The effects of cutting nerves on the ability of brain stimulation to evoke cardio- 
accelerator release. Cardioacclerator release is expressed as the mean percentage in- 
crease in BHR evoked by brain-stimulated perfusion samples from intact preparations, 
completely denervated preparations, and preparations in which specific nerves have 
been cut bilaterally. RN, Nervus recurrens; NCC 1, 2, 3, nervus corporus cardiaci; 
NCA 1, 2, nervus corporis allati; NCS, nervus cardiostomatogastricus; CCA, commis- 
surus corporis allati; BCA, three nerves branching off the corpus allatum (CA) which 
are treated as a single nerve; CC, corpus cardiacum. Nerve notations after Willey (10). 
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release. Additional observations have 
been made on some characteristics of 
the substance released. The isolated 
heart preparation displayed a charac- 
teristic response to the cardioaccelera- 
tor. Within 5 seconds after the applica- 
tion of a perfusion solution cardiac 
frequency increased. Visual examination 
indicated a concomitant increase in the 

amplitude of the heart beat, but the 
transducer used in these assays did not 
accurately measure this parameter. The 
cardiac frequency reached a peak after 
about 6 minutes and then decreased 
slightly during the next 5 minutes. De- 

pending upon the length of the stimula- 
tion period used to evoke cardioaccel- 
erator release, a given perfusion sample 
gave a maximum cardiac frequency 
which was between 40 and 300 percent 
BHR. The cardiac frequency then lev- 
eled out at approximately 85 percent of 
the maximum value and maintained 
this rate for 5 to 8 hours. The plateau 
phase was followed by a slow decline, 
over about 2 hours, to the BHR. The 
effect of the cardioaccelerator is readily 
reversible at any stage of its action. 

Washing the test heart with fresh Ring- 
er solution reestablishes the BHR within 
5 minutes. 

The instability of the cardioaccelera- 
tor substance as collected in perfusion 
solutions has hindered attempts at its 
characterization. Within 24 hours after 
release from the corpora cardiaca, the 
cardioaccelerator activity in a perfusion 
solution has decreased by about 80 per- 
cent. This loss is not retarded by freez- 

ing. Boiling the perfusion solution for 
10 minutes does not affect the cardio- 
accelerator activity. When a perfusion 
sample which initially had a high cardio- 
accelerator activity is incubated for 1 
hour with Pronase, trypsin, or chymo- 
trypsin, it loses all assayable activity. 
These results demonstrate the presence 
of at least two peptide bonds in the 
cardioaccelerator molecule. The cardio- 
accelerator released under the condi- 
tions of these experiments may be one 
or both of the peptides extracted from 
the corpora cardiaca of Periplaneta (8). 

STANLEY B. KATER 

Department of Biology, University of 
Virginia, Charlottesville 
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In view of the common histogenetic 
origin of the chromaffin cells and of the 
sympathetic nerve cells it was not un- 
reasonable to assume that the tumors 
arising from the latter might also be 
metabolically active. However, only in 
the last decade has the increased excre- 
tion of catecholamines and their metab- 
olites been described in patients with 
neuroblastomas (1). The sympathetic 
manifestations, such as hypertension, 
frequently observed in pheochromocy- 
toma patients are rather uncommon in 
patients with neuroblastoma. These 
clinical observations, as well as the ex- 
cretion spectrum of catecholamine me- 
tabolites in neuroblastoma patients, 
suggest that the tumor mainly secretes 
the breakdown products of the corre- 
sponding catecholamine (2). Therefore, 
we undertook the determination and 
identification of the metabolic break- 
down products of biogenic amines in 
these tumors. We have investigated the 
deamination of tyramine by monoamine 
oxidase and have identified the deami- 
nated products which were formed in a 
continuous cell line of neuroblastoma 
and in fresh neuroblastoma tumors. 

The neuroblastoma cells were in a 
continuous culture for 2 years. The line 
was started from a lymph node obtained 
from a 2-year-old child immediately 
after its death. The fresh neuroblastoma 
tissues were obtained immediately after 
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surgery and they were kept at -10?C. 
Tissue culture cells of neuroblastomas 

were suspended in 0.5M phosphate 
buffer (pH 7.4) and incubated with 
tyramine-H3 at 37?C for 2 hours. 
Neuroblastoma tissue tumors were 
homogenized in 0.5M phosphate buffer 
(pH 7.4) and incubated under the same 
experimental conditions as the tumor 
culture cells. At the end of the incuba- 
tion period, the reaction mixtures were 
stopped by addition of 0.1 ml of con- 
centrated HCI. Upon deproteinization 
the supernatant was adjusted to pH 2, 
and the deaminated products were ex- 
tracted into ethylacetate. Samples of 
the ethylacetate fraction were counted 

Table 1. The Rp values of deaminated tyra- 
mine metabolites in different solvent systems 
for paper chromatography. (A) Isopropyl alco- 
hol, ammonia, and water (8:1:1); (B) toluene; 
ethylacetate, methanol, and water (1:1:1:1); 
(C) toluene, ethylacetate, methanol, and water 
(1:0.1:0..5:0.5) [Buch "C" solvent system 
(4)]. The RF values in the "C" solvent sys- 
tem are listed for the acetylated metabolites. 

RF in different solvents 
Metabolite --- 

A B C 

p-Hydroxyphenyl- 
acetic acid 0.36 0.60 

p-Hydroxyphenyl- 
ethanol 0.90 0.64 0.75 

p-Hydroxyphenyl- 
acetaldehyde 0.90 0.90 0,95 
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in a liquid scintillation spectrometer. 
The deaminated tyramine-H3 metabo- 
lites were analyzed and identified by the 
following procedures. Samples of the 
ethylacetate fraction were subjected to 
paper chromatography in a mixture of 
isopropyl alcohol, ammonia, and water 
(8:1:1). In this solvent system p- 
hydroxyphenylacetic acid was separated 
from p-hydroxyphenylethanol and from 
p-hydroxyphenylacetaldehyde. The ra- 
dioactive peak which contained p- 
hydroxyphenylethanol and p-hydroxy- 
phenylacetaldehyde was eluted with 
methanol and the radioactive material 
was acetylated (3). Upon acetylation, 
the radioactive material was submitted 
to paper chromatography in the "C" 
solvent system of Bush (4). This system 
separates the acetylated alcohol from 
the acetylated aldehyde. Other samples 
of the ethylacetate fraction were chro- 
matographed in toluene, methanol, 
ethylacetate, and water (1:1:1:1). In 
this system p-hydroxyphenylacetalde- 
hyde separates from p-hydroxyphenyl- 
ethanol and from p-hydroxyphenyl- 
acetic acid. The R. values of the 
deaminated tyramine metabolites in 
these different solvent systems are pre- 
sented in Table 1. 

A further identification of p-hydroxy- 
phenylacetaldehyde was achieved by 
the addition of aldehyde dehydrogenase 
into some of the incubation mixtures. 
The enzyme aldehyde dehydrogenase 
which catalyzes the conversion of the 
aldehydes into the corresponding acids 
was isolated and purified from guinea 
pig kidney as previously described (5). 

Neuroblastoma tissue, as well as cells 
of neuroblastoma tissue cultures, con- 
tain monoamine oxidase activity (Table 
2). The enzyme activity is inhibited by 
such known inhibitors of monoamine 
oxidase as pheniprazine or iproniazid, 
as well as by sulfhydryl blocking agents 
and by disulfiram. 

In incubation mixtures with neuro- 
blastoma tumors as well as with cells 
of neuroblastoma tissue cultures, the 
only deaminated metabolite which was 
formed from tyramine-H3 was p- 
hydroxyphenylacetaldehyde-H3 (Table 
2). Upon addition of reduced nicotina- 
mide-adenine dinucleotide phosphate 
(NADP) to the incubation mixtures, 
two radioactive deaminated metabolites 
of tyramine-H3 were formed. The ma- 
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jor one was p-hydroxyphenylethanol- 
H3 and the minor was p-hydroxyphen- 
ylacetaldehyde-H3. Upon addition of 
NADP also two radioactive deaminated 
metabolites of tyramine-H3 were 
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Tyramine-H3: Deaminated Metabolites in Neuroblastoma 
Tumors and in Continuous Cell Line of a Neuroblastoma 

Abstract. Neuroblastoma tumors, as well as cultured cells of neuroblastoma, 
contain high monoamine oxidase activity. The major deaminated metabolite of 
tyramine-Hs in the incubation mixtures with the tumors or with the cultured 
cells is p-hydroxyphenylacetaldehyde. Upon addition of reduced nicotinamide- 
adenine dinucleotide phosphate, the aldehyde was further metabolized by the 
reductive pathway to p-hydroxyphenylethanol, whereas upon addition of nico- 
tinamide-adenine dinucleotide phosphate the aldehyde was only metabolized to 
a minor extent by the oxidative pathway to p-hydroxyphenylacetic acid. Aldehyde 
dehydrogenase activity is very low in the neuroblastoma tumors and in the 
cultured neuroblastoma cells. The generation of aldehydes and alcohols by the 
action of monoamine oxidase suggests that the deaminated metabolites of bio- 
genic amines might exhibit some toxic effects in neuroblastoma patients. 
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