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Summary. The dense motor innervation of the obliquely striated muscle cells in the branchial heart of Coleoida is 
composed of activating and inhibiting parts. The inhibiting cholinergic system investigated in this study is character- 
ized histo- and cytochemically by a high acetylcholinesterase activity (EC 3.1.1.7) in the glycocalices of the nerve fibers 
with transparent synaptic vesicles, the muscle cells and, to a lesser extent, the ovoid interstitial cells, the functions of 
which are endocytosis and storage of catabolic substances. The pharmacological results from the isolated organ 
indicate a more nicotinic type of Ach-receptor, which can be reversibly blocked by D-tubocurarine and e-bungaroto- 
xin, but not with the same intensity by tetraethylammonium or atropine. 
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Introduction 

The particular efficiency of the cephalopod circulatory 
system is due mainly to the fact that, apart from the 
systemic heart, additional auxiliary hearts exist, in the 
form of contractile veins 9 and in Dibranchiata also bran- 
chial hearts, and these promote a quick blood circulation. 
The branchial hearts of the dibranchiate cephalopods 
primarily have the task of overcoming the peripheral 
resistance of the blood vessels, capillaries and lacunae of 
the branchia; furthermore, they also have the function of 
making possible pressure filtration in the branchial heart 
appendages, i.e. the production of primary urine 2~. Their 
automatism is, like that of veins and the systemic heart, 
myogenic; the coordination with the activity of the 
remaining circulation is probably regulated by promot- 
ing and inhibiting neurons from the lobus visceralis or 
ganglion cardiacum 1,~7,z4. Several findings with respect to 
the neuropharmacology of the systemic heart of the ceph- 
alopods have been reviewed, and also others concerning 
the effects of acetylcholine and other mimetics, which 
generally have a negative inotropic and chronotropic ef- 
fect on the heart z6,7, I2-14 But apart from few in vivo obser- 
vations 23, findings on the isolated organ concerning the 
receptors in obliquely striated muscle cells are missing TM. 
First of all, an attempt has been made to describe the 
presumed cholinergic receptor system by means of phar- 
macological examinations and cytochemical findings. 

Materials and methods' 

22 juvenile and adult, ~ and 3 Sepia officinalis (L.) - 
mantle length: 9-23 cm - from the Bassin d'Arcachon 
(Atlantic Ocean) were used in this study. 
Electron microscopical methods. Fixation in 4 % glutaral- 
dehyde in phosphate buffer, 1000 mOsm; pH 7.3; 2 h at 
4~ increasing to 18 ~ followed by a postfixation in 
1.5% OsO4 in phosphate buffer (1% h); embedding in 
araldite (Durcupan| 
Histo- and cytochemical methods. Demonstration of the 
total nerve supply with the Bodian silver impregnation 
method 3; demonstration of acetylcholine acetylhydrolase 
(AchE, EC 3.1.1.7) and acylcholine-acylhydrolase (ChE, 
EC 3.1.1.8) in cryomat sections of the branchial heart, 
ganglion cardiacum and nervus cor branchialis with his- 

tochemical and cytochemical methods 8,9. The substrates 
acetylthiocholine iodide and butyrylthiocholine iodide 
were used in a solution brought to isotonia by 0.6 M 
saccharose, pH 5.5. 
Both enzymes were blocked in control reactions by 10 -6 
M diisopropylfluorophosphate (DFP) in the preincuba- 
tion solutions for 30 rain; only the ChE was inhibited by 
addition of 10 -4 M iso-OMPA (Tetraisopropylpyrophos- 
phoramide) in the preincubation media for 60 rain and 
10 .3 M iso-OMPA in the incubation media (60-80 min). 
Pharmacological methods. Juvenile and semi-adult 
animals (ML:8-15 era) were put under 1-2 % ethyl alco- 
hol anesthesia whereupon the branchial hearts were 
taken out and bound into a Straub-cannula by means of 
the a. branchialis (=afferent branchial vessel). Following 
ligature of the afferent vein truncus the organ, without 
ganglion cardiacum, was brought into a protective, 

water vapor saturated chamber. The vein truncus liga- 
ture was connected to a pressure transducer (Statham 
UC 2 | and then, in a quasi-isotonic suspension and with 
a constant hydrostatic pressure (3 cm H20), the mecha- 
nogram was registered (amplifier: Sachs HSE 300| mi- 
crograph: Kipp and Zonen| The equipment was cali- 
brated with Newton weights. 
In addition a perfusion method was applied; for that, a 
double barrelled glass cannula (~5 1,8 ram) was im- 
planted via the afferent branchial vessel, which permitted 
a permanent perfusion of the branchial heart lumen with 
the test solutions. In this case the changing hydrostic 
pressure was measured with a tightly connected Statham 
transducer Pb23BB | and a Burster | DMS-amplifier 21. 
Both methods have demonstrated equivalent results. 
Filtered isotonic seawater/glucose solution (pH 7.3) at 
20-22~ (1.7 g glucose/1 seawater) continously air- 
bubbled served as artificial blood fluid and carrier-solu- 
tion for the drugs to be tested; the osmolality was regu- 
larly controlled with a Knauer Semimicro-osmometer. 
After each test of an agonist it was rinsed for 10-30 min 
or longer until the original rhythm was attained again. 
The calculation of each mean and SD is based on 15-20 
experiments. The experiments included the following 
drugs: acetylocholine chloride (Ach, Sigma), muscarine 
(Mus, Serva), nicotine (Nic, Merck), pilocarpine (Pil, Dr 
Thilo Co), carbachol (Car, Doryl| D-tubocu- 
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rarine chloride (Cur, Serva), atropine (Atr, Merck), te- 
traethylammonium-chloride (TEA, Merck), c~-bungaro- 
toxin (c~-Btx, Sigma). 

Results 

1) Ultrastructural aspects of the branchial heart 

Differing from the ultrastructure of the central heart ~8~, 
the branchial heart shows a more heterogenic wall con- 
struction ~sb. Numerous ovoid-polygonal interstitial cells 
(fig. 1) with high vesicle content, dense bodies and dictyo- 
somes, the whole volume of which is 2-3 times greater 
than that of the muscle cells, are bedded in the branched 
network of obliquely striated muscle cells and single col- 
Iagenous fibers. Their role in the organ's hemodynamics, 
however, is only indirect (figs. 1 and 2). 
The obliquely striated muscle cells have a very markedly 
high content of sarcosomes and glycogenosomes. At the 
level of the obliquely arranged Z-patches, tubular sarco- 
lemma invagination and interdigitations with inter- 
calated disk-like sarcolemmal contacts are regularly ob- 
served (fig. 3). In the case of larger fibers - containing up 
to 6-8 myofibrils - the latter continues cell-inward as a 
T-system, which builds only indistinctly visible diads and 
triads with longitudinal sarcotubules. The polyaxonal 
nerve fibers mentioned earlier are found to branch intra- 
murally (fig. 1); their runners show a close parallel ap- 
proach to the muscle fibers. Near the neuromuscular 
synapsis, mostly groups of axons are onesidedly (towards 
the sarcolemma) without any myelin sheath, and make 
contact with crypt-like invaginations on the muscle-cell 
surface, resulting in a minor intersynaptical gap smaller 
than 200 A. The terminally widened axons contain few 
mitochondria and plentiful transparent synaptical vesi- 
cles (~Z~ 60-100 nm) (fig. 4) or dense cored granula. 

2) Histochemical and cytochemical localization of the 
AchE and ChE 

The histochemical experiments show a strong reaction 
for AchE within the ganglion cardiacum, the nervus cor 
branchialis, the intramural nerve fibers and the muscle 
cells but distinctly weaker activity in the ovoid interstitial 

Figure 2. Section of the peripheral wall of branchial heart; between the 
obliquely striated muscle ceils (MC) with a high content of sarcosomes a 
polyaxonal nerve fiber (NF) and ovoid interstitial cells (OC) with dense 
bodies (arrow), endocytosis vesicles and endoplasmic reticulum. 

Figure 1. Part of the branchial heart wall of Sepia colored by the Bodian- 
method; terminal nerve fibers (arrows) in contact with the branched 
muscle cells; ovoid interstitial cells (OC). 

Figure 3. Part of an obliquely striated muscle cell; T-invagination and 
lateral interdigitations (black arrows) on the level of Z-patches (Z) with 
intercalated disk-like contacts of sarcolemma (white arrow); sarcosomes 
(S); hemocyanin (H); collagenous fibers (CF). 
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Figure 4. Neuromuscular synapse in the branchial heart wall; the terminal 
axons contain many transparent synaptic vesicles (SV); Schwann cell 
(sc). 

cells and the outer epithelium, if the substrate acetyl- 
thiocholineiodide and the inhibitor iso-OMPA are used 
(fig. 5). All activity is inhibited after a preincubation with 
DFP or a preincubation with l0 -3 M iso-OMPA com- 
bined with the substrate butyrylthiocholineiodide and 
10 .4 M iso-OMPA in the incubation medium, but weakly 
inhibited after an iso-OMPA preincubation and an incu- 
bation with butyrylthiocholineiodide without any inhibi- 
tor. Cytochemically the AchE activity is located above all 
in the sarcolemma area of the obliquely striated muscle, 
but also, to a certain extent, in the glycocalices and endo- 
cytosis vesicles of the ovoid cells (fig. 6). Moreover, outer 
axolemma and lemnoblast membranes of single polya- 
xonal nerve fibers lacking granulated vesicles react positi- 
vely (fig. 7). 

3) Pharmacological classification of the cholinergic recep- 
tor 

a) The effect of acetylcholine and some mimetic drugs 
According to the morphological peculiarities, the iso- 
lated, pharmacologically uninfluenced branchial heart of 
Sepia officinalis does not always present, compared to the 
systemic heart and notwithstanding constant experi- 
mental conditions, a very regular actogram. Periodic 
fluctuations of the muscle tonus are frequent, not seldom 
with changing frequencies and amplitudes. In addition, 
the organs display differences, individual and due to age, 
in their normal activity which must be considered when 
evaluating the pharmacological reaction. 

Figure 5. Positive Ache  reaction (E.C. 3.1.1.7) after pre- and incubation 
with iso-OMPA - within: the ganglion cardiacum (GC), its branch to the 
branchial heart = n. cor branchialis (NCB) - entering into the branchial 
heart near the insertion area of  the afferent branchial vessel (ABV, inter- 
rupted arrow) - ,  the intramural nerves (small arrows in a) and the muscle 
cells (MC); the epithelium (E) and the mass of ovoid cells (OC) show no, 
or only weak reactions; valvulae (V) at the entrance of V. cava ( = renal 
pole, big arrow in b). 

Acetylcholine generally induces a negative inotropic, with 
rising doses also an increasing negative chronotropic ef- 
fect. A concentration as low as 5.5 x 10 -1~ M already 
leads to a slight amplitude reduction, whereas after 2-3 
more strongly inhibited contractions, in many cases, in 
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Figure 8. The effect of Ach on the frequency of the branchial heart. 

Figure 6. Cytochemical reaction of the AchE in the glycocalices of the 
muscle cell (MC) and ovoid interstitial cell (OC) (unstained section). 

the sense of  a post-inhibitory overshoot, an amplitude 
ascent can again follow, temporarily even exceeding the 
starting amplitude. Inhibiting effects of  this kind are re- 
versible up to ED 50 ( ~  10-SM+); the sigmoid path of  
the concentration-response curve (figs�9 8 and 9), however, 
ascends steeply within this range, consequently even the 
smallest further rise of  dosage leads t o  extreme inhibiting 

effects - at 5.5 x 10 -5 M a partial standstill - after which 
the organ, despite repeated washing out, does not return 
to its original activity. Significant for the individual reac- 
tion of  the different organs are the relatively high stan- 
dard deviations, especially in this curve area. 
Nicotine induces a similar reaction, so that accordingly 
the concentration-response curves resemble each other in 
their course (figs. 10 and 11). 
The affinity towards the receptor is, however, 10 ~ times 
higher than that of  Ach. Concentrations of  6 x 10 -u M 
already lead to a weak negative inotropic effect, doses of  
6 x 10 .6 M, on the other hand, to diastolic standstill, and 
even higher concentrations (6 x 10 .5 M) to standstill with 
irreversible organ damage. 
Muscarine, shows 10 .3 t o  10 .4 times less intrinsic activity 
and affinity towards the receptor by showing a weak 
negative inotropic action (fig. 12) and hardly a chrono- 
tropic one at first, at concentrations between 5 x 10 .6 and 
10 -s M. Even unphysiologically high doses above 
5 • 10 .4 M (=10 -~ g/l) do not result in a complete stand- 
still of  the organ (figs. 12 and 13). 
Carbachol was only tested in some single experiments at 
concentrations of  4 x 10 .7 to 10 5 M ;  it also acts as a 
cholinomimetic, whereby - as with Mus - the negative 
inotropic reaction is stronger than the chronotropic ef- 
fect. Concentrations higher than 4 x 10 -4 M lead to 
diastolic standstill and irreversible organ damage. 

Figure 7. Reaction of the AchE in a terminal polyaxonal nerve fiber; 
axons (A); Schwann cell (SC); ovoid interstitial cell (OC) (unstained 
section). 
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Figure 9. The effect of  Ach on the amplitude of the branchial heart. 
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Figure 13. Concentration-response curve for Mus, plotted as a percentage 
of the maximal response to the reference agonist (Ach). 
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Figure 12. Mus shows, only in very high doses, a weak inotropic but no 
chronotropic effects; seawater-glucose solution (SW). 

Pilocarp&e was also only tested in few single experi- 
ments; similar to Car it primarily reduces the amplitude 
at concentrations from 5.5 x 10 -9 to 10 -6 M, while the 
frequency rises slightly and the phase of  diastolic repola- 
rization is shortened with rising concentrations. 
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Figure 14. Blocking trial of Ach by TEA; seawater-glucose solution (SW). 

b) The effect o f  acetylcholine-blocking drugs 
Atropine seems to have a certain intrinsic activity on the 
isolated branchial heart of  Sepia," concentrations be- 
tween 3.5 x 10 7 and 3.5 x 10 -6 M change the organ's  
basic tonus, whereby due to a strengthened diastole the 
amplitude rises as a whole, the frequency however sinks. 
Inhibition of  the Ach effect (5.5 x 10 -5 M) with 3.5 x 10 -5 
M can only be obtained to a small degree. 
Curare (D-tubocurarinechloride) possesses only a slight 
positive inotropic effect. A stable receptor block for a 
period of  several minutes can be attained at a concentra- 
tion of  1.4 x 10 -5 M in comparison to Ach (5.5 x 10 -6 M) 
and Nic (6 x 10 -6 M) (fig. 10). 
Tetraethylarnrnonium, on the other hand, obviously 
shows a much smaller affinity towards the receptor. Al- 
though the drug's effect also appears merely as a weak 
positive inotropic reaction, it is not  possible to bring 
about  any other similar type of  stable receptor block. 
Concentrations of  6 x 10 -4 M block the effect of  Ach 
(3 x 10 -5 M) and Nic (6 • 10 .6 M) weakly and for a short 
time only (fig. 14 and 15), 
~-Bungarotoxin, applied in concentrations of  10 .6 M for 
I0-13 min, has not an own intrinsic activity on the organ. 
Added in a concentration of  10 .6 M it completely blocks 
the effect of  normally toxic concentrations of  5.5 x 10 -s 
or 2.8 x 10 -4 M Ach (fig. 16). 
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Figure 17. Reversible blocking of the negative chronotropic and inotropic 
effects of Nic by e-Btx; concentration-response-curves for Nic: normal 
and 0-3 h after incubation with 10 -6 M c~-Btx. 

The blockade of  the effect of  Ach and Nic, however, only 
persists for 3 h. After  1 h the inhibi tory effect of  
1.2 x 10 -5 M Nic on ampli tude and frequency is only 
blocked to 80%, that  of  3.1 x 10 -5 M to 62 resp. 51% 
(fig. 17a and b). 

Discussion 

The branchial  heart  of  the dibranchiate  cephalopods  has 
a double function. Its hemodynamic  task 7,t9,21,24 is to 
mainta in  the b lood circulation in branchia  and branchial  
heart  appendages.  Fur ther ,  it is active in catabolic pro-  
cesses and in the storage of  excreta and reserve sub- 
stances, the latter being coupled to the a b o v e  (e.g. 
Cu++and Fe+++)20. 22. 
In the course of  physiological-pharmacological  examina- 
tions about  the motor ic i ty  of  the isolated branchial  heart,  
it must  be taken into account that  - in contrast  to corre- 
sponding experiments on the central  hear t  12 - we do not  
have a pure nerve-muscle prepara t ion  but, as proved by 
our  electron-microscopic findings, a hollow muscle 
which is to a great extent mixed with ovoid intersti t ial  
cells 18b'21 equipped with a very efficient enzyme inven- 
tory ~9. Al though the enzymes pr imari ly  carry out  the 
catabolic  functions mentioned,  it must  be taken into ac- 
count that,  during the pharmacological  experiments 
presented, the enzymes also acted as an interfering factor 
whose effects could not  always be calculated. The 
obliquely striated branchial  heart  muscle, however, does 
not  show any significant differences in its ul t rastructure 
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compared to central heart muscle 18~,b. The high sarco- 
some content and the development of a T-system are 
remarkable facts. A specific pacemaker tissue has not 
been differentiated 18b. 
Because of the numerous intramural nerve fibers it can be 
supposed that every muscle cell is reached via the motor 
neurons from the lobus visceralis or the ganglion cardia- 
cum. The neuromuscular synapse is reminiscent in many 
cases of  the motor endplate in vertebrates, groups of 
naked axons being apparently firmly anchored in crypt- 
like infoldings in the sarcolemma; therefore, during the 
various contraction phases, there is always a tight synap- 
tical contact. A double innervation as in vertebrates is 
more than likely; evidence comes from the presence of 
granulated and nongranulated vesicles in axons and dif- 
ferent terminal nerve fibers, and is also provided by our 
histo- and cytochemical findings. The cholinergic exa- 
mined in the course of this study is demonstrated by the 
histo- and cytochemical localization of the structure- 
bound acetylcholin-acetylhydrolase (AchE, EC 3.1.1.7), 
whereas the ChE (EC 3.1.1.8) is found to a distinctly 
lesser extent. The AchE was found to react strongly not 
only in single nerve fibers but also and above all in the 
glycocalyx and in coated endocytosis vesicles of muscle 
ceils but weaker in the ovoid interstitial cells or round 
cells 22. 
It has to be assumed that during the pharmacological' 
experiments, even on the longer-isolated organ, the natu- 
ral terminal axon neurotransmitters and their catabolic 
enzymes, especially the high content of AchE iEC 
3.1.1.7), act at the same time. This provides an explana- 
tion for the frequently observed variability of intensity 
and length of the branchial heart reaction following the 
addition of a certain drug. 
The pharmacological findings on the isolated organ 
prove the existence of a cholinergic receptor system in the 
obliquely striated muscle of the branchial heart and are in 
agreement with earlier in vivo experiments concerning 
this organ 24. The receptor excitation due to Ach is like 
that seen with the central heart ~2'13; eventually, at concen- 
trations higher than 10 -9 M, it leads to negative chrono- 
tropic and inotropic effects, i.e. by means of a comparati- 
vely strong K+-permeability leading to a dose-dependent 
inhibition of the branchial heart. Nic, as already demon- 
strated on the central heart (ED 50 5 x 10 --7 M) presents 
the strongest effect among the applied agonists and 
proves itself, to be more than ten times more effective 
than Ach (ED: > 10 -5 M) with respect to affinity to- 
wards the receptor as well as its intrinsic activity. Mus 
possesses a distinctly weaker effect than Nic. An inhibi- 
tion equivalent to ED 50 of Ach can only be attained near 
unphysiologically high concentrations of 10 -3 M and 
more. As far as the systemic heart is concerned, however, 
even such concentrations have no inhibiting effect 12. 
The mimetics, Car and Pil, with which supplementary 
tests were done in a few single experiments, act on the  
branchial heart receptors in the same way. Car, however, 
as proved on the systemic heart, appears to have a higher 
intrinsic activity and receptor affinity than Pil, the latter 
producing weak negative inotropic effects but hardly 
chronotropic effects. 
The blocking experiments carried out for the purpose of 
more exact determination of the cholinergic receptor 

prove that Atr, which possesses a weak positive inotropic 
effect, is not able to counterbalance the effect of Ach at a 
concentration of 3.5 x 10 -5 M, whereas Cur (1.4 x 10 -5 
to 10 -4 M), with little positive inotropic or tonotropic 
effect, stably blocks not only the inhibiting effect of Ach 
(5.5 x 10 -6 M) but also that of Nic (6 x 10 .4 M )  for 
several minutes. Comparable concentrations of TEA 
(6 x 10 -4 M), however, block only weakly the inhibiting 
effects of Ach (3 x 10 _5 M), and Nic (6 x 10 -6 M). In 
vertebrates e-Btx reduces the binding capacity of  the 
motor endplate and ganglionic receptors for Ach and 
Nic 4'5'1~ in a similar way to Cur. In the branchial heart of 
Sepia we can also see that this c~-neurotoxin, at a concen- 
tration of 5 x 10 -6 M, completely blocks the effects of 
normally-toxic concentrations of Ach (2.8 x 10 -4 M) and 
Nic (3.1 x 10 -5 M). However, in contrast to its effect on 
the above-mentioned vertebrate tissues and in agreement 
with results on nicotinic receptors in Aplysia neu- 
rones 11,~4, the binding seems to be reversible. It can be 
concluded that the cholinergic receptor in the obliquely- 
striated branchial heart muscle resembles more the nico- 
tinic receptor type in vertebrates; the fact that the recep- 
tor can primarily be blocked by Cur and c~-Btx but only 
to a smaller degree by TEA, points out structural simila- 
rities to the receptor of the motor endplate. But, consider- 
ing that Atr has a weak blocking effect also, and Mus 
likewise has a weak agonistic effect, opposite to that seen 
on the central heart ~2, the conformity between the two 
receptor types is only relative. Above all, it is probable 
that although the cephalopods are highly organized, re- 
ceptor differentiation does not exist to the same extent as 
in vertebrates. 

Acknowledgment. We would like to thank the Deutsche Forschungsge- 
meinschaft for its support and Dr C. Cazaux, who provided the facilities 
for work in the 'Station de Biologic Marine d'Arcachon'. 

1 Alexandrowicz, J.S., Innervation of the hearts of Sepia offic&alis. 
Acta zool. Stockh. 41 (1960) 65 100. 

2 Bacq, Z.M., R6actions du ventricule m6dian isot6 de Loligo pealii 
l'ac6tylcholin, fi l'atropine et aux ions K, Ca et Mg. C. r. Soc. Biol. 
114 (1933) 1360-1361. 

3 Bodian, D., The staining of paraffin sections of nervous tissues with 
activated protargol. Anat. Rec. 69 (1937) 153-162. 

4 Chang, C.C., and Lee, C.J., Isolation of neurotoxins from the 
venom of Bungarus multicinctus and their modes of neuromuscular 
blocking action. Archs int. Pharmacodyn. 144 (1963) 241-257. 

5 Fumagalli, L., De-Renzis, G., and Miani, N., Acetylcholine recep- 
tors: number and distribution in intact and deafferented superior 
cervical ganglion of the rat. J. Neurochem. 27 (1976) 47 52. 

6 Ghiretti, F., Action of choline and acetylcholine on the isolated heart 
of gastropod and cephalopod molluscs. Archs Sci. biol. 32 (1948) 
239~51. 

7 Johansen, K., and Huston, M. J., Effects of some drugs on the circu- 
lation system of the intact, non-anesthetized cephalopod Octopus 
dofleini. Comp. Biochem. Physiol. 5 (1962) 177 184. 

8 Karnovsky, M.J., and Roots, L., A 'direct-coloring' thiocholine 
method for choline-esterase. J. Histochem. Cytochem. 12 (1964) 
219-221. 

9 Kasa, P., and Csillik, B., Electron microscopic localization of cholin- 
esterase by a copper-lead-thiocholine technique. J. Neurochem. 13 
(1966) 1345-1349. 

10 Katz, B., and Miledi, R., The effect of a-bungarotoxin on acetylcho- 
line receptors. Br. J. Pharmac. 49 (1973) 138-139. 

11 Kehoe, J.S., Sealock, R., and Bon, C., Effects of c~-toxins from 
Bungarus multicinctus and B.eaeruleus on cholinergic responses in 
Aplysia neurones. Brain Res. 107 (1976) 527-540, 



30 

12 Kling, G., Innervation und Pharmakologie des Zentralherzens yon 
Sepia officinalis (L.). Verb. dt. zool. Ges. 76 (1983) 298. 

13 Kruta, V., Sur 1'action de l'acetylcholine et de l'atropine sur la cceur 
de Sepia officinalis. C. r. Soc. Biol. 119 (1935) 608. 

14 Leake, L.D., and Walker, R.J., Invertebrate nenropharmacology, 
p. 86. Blackie, Glasgow and London 1980. 

15 Lee, C. Y., Tseng, L. F., and Chin, T. H., Influence of denervation in 
localization of neurotoxins from elapid venoms in rat diaphragm. 
Nature 215 (1976) 1177-1178. 

16 Mislin, H., and Kauffmann, M., Der aktive Gef'~sspuls in der Arm- 
Schirmhaut der Cephalopoden. Revue suisse Zool. 55 (1948) 267- 
271. 

17 Mislin, H., 13bet Beziehungen zwischen Atmung und Kreislauf bei 
Cephalopoden (Sepia officinalis L.). Synchronregistrierung yon 
Elektrokardiogramm (EKG) und Atembewegung am schwimmen- 
den Tier. Zool. Anz., Suppl. 30 (1967) 175-181. 

18a Schipp, R., and Schafer, A., Vergleichende elektronenmikroskopi- 
sche Untersuchungen an den zentralen Herzorganen yon Cepha- 
lopoden. Feinstruktur des Herzens. Z. Zellforsch. 98 (1969) 57(~698. 

18b Sehipp, R., and Sch~ifer, A., Vergleichende elektronenmikroskopi- 
sche Untersuchungen an den zentralen Herzorganen von Cepha- 
lopoden. Feinstruktur und Funktion der Kiemenherzen. Z. Zell- 
forsch. 101 (1969) 367-379. 

19 Schipp, R., Schfifer, A., and H6hn, P., Elektronenmikroskopische 
und histochemische Untersuchungen zur Funktion des Kiemenherz- 

Experientia 42 (1986), Birkh~iuser Verlag, CH~4010 Basel/Switzerland 

anhanges (Pericardialdrfise) von Sepia officinalis. Z. Zellforsch. 117 
(1971) 252-274. 

20 Schipp, R., and Hevert, F., Distribution of copper and iron in some 
central organs of Sepia officinalis (Cephalopoda). A comparative 
study by flameless atomic absorption and electron microscopy. Ma- 
rine Biol. 47 (1978) 391-399. 

21 Schipp, R., and Hevert, F., Ultrafiltration in the branchial heart 
appendage of dibranchiate cephalopods: a comparative ultrastruc- 
tural and physiological study. J. exp. Biol. 92 (1981) 23-35. 

22 Sundermann, G., Die Ultrastruktur der vaknolisierten Rundzellen 
yon Loligo vulgaris Lam. (Mollusca, Cephalopoda). Zool. Jb. Anat. 
103 (1980) 93 104. 

23 Wells, M. J., and Mangold, K., The effects of extracts from nenrose- 
cretory cells in the anterior vena cava and pharyngoophthalmic vein 
upon the hearts of intact free-moving octopuses. J. exp. Biol. 84 
(1980) 319-334. 

24 Wells, M.J., Nervous control of the heartbeat in Octopus. J. exp. 
Biol. 85 (1980) 111 128. 

0014-4754/86/010023-0851.50 + 0.20/0 
�9 Birkhfiuser Verlag Basel, 1986 

Short Communications 

The gross morphology of the stinging and non-stinging states of the ant Tetramorium caespitum L. (Hymenoptera, 
Formicidae, Myrmieinae) 

N. A. E. von Sicard and M. Anderson 

Department of Zoology and Comparative Physiology, University of Birmingham, Birmingham B15 2TT (England), 17 May 1985 

Summary. The change in sting morphology of Tetramorium eaespitum is described in detail. The sting-tip may protrude/retract from 
the sting-ending during its stinging/non-stinging process respectively. A possible trail laying function of the stings terminal 
membranous sheath is proposed. 
Key words. Sting; Tetramorium eaespitum; ant; trail laying. 

Tetramoriurn caespitum is the only endemic species of the genus 
Tetramorium in Britain. It is a small and aggressive ant, the 
workers being individually tough and persistent. The main 
method of fighting involves three stages, the attachment of the 
workers mandibles to the appendages of the enemy; the ventral 
arching of the gaster and the insertion of the sting into the 
jointsk Once sting penetration is achieved the venom, predomi- 
nantly proteinacious in nature 2, is injected. Detailed investiga- 
tions of the sting structure and mechanism of several formicine 
genera have been reported 3'4. We present here a study of the 
changes occurring in the sting during the act of stinging based 
upon scanning electron and light microscopic studies. 
Materials and methods. Workers of T. caespitum were obtained 
from heathland surrounding Furzebrook Research Station, 
Wareham, Dorset. To obtain the stinging position workers were 
irritated by aggressive handling whilst the non-stinging position 
was achieved by anesthetizing live specimens with CO2. In both 
cases the gaster was removed and examined. For light micro- 
scopical studies the gasters were fixed for 24 h in alcoholic 
Bouin's fixative, dehydrated in a graded series of ethanol solu- 
tions, and mounted on slides in Damar. Stains were not em- 
ployed on the specimens. Using this procedure the Dufour's 
gland was not observed in the whole mount preparation (fig. 1). 
Scanning electron microscopy studies were performed on stings 

individually mounted on specimen stubs and coated with gold. 
Samples were observed using a Cambridge stereoscan electron 
microscope (Model $600). In some cases the sting lancets were 
removed from the stings, in their stinging position, to ensure that 
the sting-tip (ST) was the distal end of the protruding sting 
lancet. Observations were chiefly made on the distal sting-end- 
ing. 
Results and discussion. As is typical of formicine ants the gaster 
of T. caespitum is elongate, 1.20-1.35 mm long and 0.56-0.59 
mm in diameter (fig. 1). The venom gland (VG) which is approxi- 
mately spherical with a diameter of 0.28 ram, extends 0.32 mm 
anteriorly from the sting bulb via the main duct. The Dufour's 
gland is smaller than the venom gland being 0.16 mm long and 
0.04 mm in diameter. This bulbous gland lies anterior to the 
sting bulb and ventral to the main duct. The sting (S), hidden by 
the 7th abdominal segment, may extend from its fully retracted 
position up to 0.3 mm from the posterior tip of the gaster, at its 
thickest its diameter is 30 ~tm. The sting curves slightly down- 
wards at its anterior end and sclerotization is extensive. The 
poison canal (PC) from the sting bulb to the sting-ending de- 
creases in diameter and at its termination it is 1.5 gm. A trian- 
gular membranous sheath (TS) is attached to the distal sting- 
ending (fig. 2), this extends dorsally to 70 ~tm perpendicular to 
the sting. The sting-ending viewed dorsoposteriorly is super- 


