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The medial neurosecretory cells (MNSCs) of the pars intercerebralis in the brain of
insects release various hormonal factors that control essential physiological and
developmental functions such as moulting, reproduction and metabolism (Wigglesworth,
1940; Girardie, 1966; Goldsworthy, 1969), and these cells are therefore of considerable
biological significance. A culture system for locust embryonic pars intercerebralis
neurosecretory cells has recently been developed (Vanhems et al. 1993), and Rössler and
Bickmeyer (1993) have established an in vitro system for growing larval and adult medial
neurosecretory cells. Calcium plays an important role in neural physiology:
neurosecretion depends on calcium influx into the cells and calcium currents carry the
rising phase of action potentials in different types of insect neurones (Orchard, 1976;
Pitman, 1979); calcium also mediates other ionic currents (Thomas, 1984). It is therefore
of considerable interest to characterize the types of calcium channel currents found in
locust neurosecretory neurones.

Voltage-clamp experiments on vertebrate neurones have identified calcium channel
currents with different time courses and different sensitivities to pharmacological agents.
At least five types of voltage-operated calcium channels have been decribed. Low-voltage-
activated calcium currents are described as transient T currents; high-voltage-activated
currents (HVA) can be divided into transient and sustained currents through L-, N-, P- and
Q-type channels (Nowicky et al. 1985; Llinas et al. 1989; Wheeler et al. 1994). In
comparison with investigations of vertebrate calcium channels, little is known about insect
voltage-activated calcium currents. Studies carried out on embryonic Drosophila
melanogaster neurones (Byerly and Leung, 1988), on cockroach brain neurones
(Christensen et al. 1988), on motoneurones of Manduca sexta (Hayashi and Levine, 1992)
and on locust thoracic neurones (Pearson et al. 1993; Laurent et al. 1993) have all
described the presence of voltage-operated calcium channels. Pearson et al. (1993) and

Key words: insect, calcium channel currents, tetrandrine, medial neurosecretory cells, Locusta
migratoria.



Hayashi and Levine (1992) found two types of HVA calcium currents which do not fit into
the classification scheme devised for vertebrate calcium currents. We have investigated
voltage-activated calcium channel currents in cultured locust MNSCs and the effects on
them of cadmium, v-Conotoxin GVIA, dihydropyridines and the plant alkaloid
tetrandrine, which is known to affect voltage-operated calcium currents in vertebrate
neurones (King et al. 1988; Bickmeyer and Wiegand, 1993; Weinsberg et al. 1994).

All neurones were taken from adult Locusta migratoria of both sexes reared in a
crowded colony under constant laboratory conditions. Neurones from the MNSC group
were dissected from the tissue and dissociated mechanically after removal of the neural
sheath. The preparation of cultures has been described in detail by Rössler and Bickmeyer
(1993). Cells were held in culture in serum-free medium containing five parts of
Schneider’s Drosophila medium and four parts of Minimum Essential Medium with
Hanks’ salts (5+4 medium) containing 25 mmol l21 Hepes supplemented with
0.25 mg ml21 Fungizone and 100 i.u. ml21 penicillin/streptomycin. Dishes were held in a
humid incubator chamber at 30 ˚C in air. Experiments were carried out on neurones
maintained in culture for between 4 and 7 days.

Voltage-clamp experiments were carried out using the patch-clamp technique in the
whole-cell configuration with a conventional patch-clamp tower (from Luigs and
Neumann, Germany). We used fire-polished electrodes with a resistance of 2–5 MV. The
possible voltage error resulting from series resistance was less than 5 mV in reported
experiments.

The pipette solution contained (in mmol l21): 158 CsCl; 2 MgCl2; 2 NaATP; 0.1
CaCl2; 10 Hepes; 20 tetraethylammonium (TEA+); 1.1 EGTA. The bath solution
contained (in mmol l21): 155 choline chloride; 2 MgCl2; 10 BaCl2; 10 Hepes; 25 TEA+.

The CED system hardware and software package was used in combination with the
EPC7 patch-clamp amplifier (List Electronics, Germany) for stimulus generation and for
analysis and storage of data. For current–voltage relationships, voltage steps with
increasing amplitude were applied from a hyperpolarized potential (280 mV) at 0.33 Hz.
All experiments were carried out at room temperature (22±2 ˚C).

v-Conotoxin GVIA (special fraction of v-conotoxins) was purchased from Sigma,
nitrendipine and Bay-K-8644 from RBI, USA, and tetrandrine was a gift from the
Institute of Health, Beijing, People’s Republic of China. Drugs were applied by diluting
threefold in a 1 ml bath solution, which was then added to the cells incubating in a 2 ml
bath solution.

Voltage-dependent inward currents were normally elicited by voltage steps from a
hyperpolarized membrane potential of 280 mV to values more positive than 240 mV (no
low-voltage-activated currents). Only HVA calcium channel currents were found. The
inward current amplitude depended on the membrane potential, a result similar to those
reported by Pearson et al. (1993) and Laurent et al. (1993).

In a total of 11 experiments in which cells were exposed to Cd2+, some with cumulative
treatments, we found a dose-dependent block of calcium channel currents. The
current–voltage relationship showed a reduction in amplitude, but with no shift in the
positive or negative voltage directions. 1 mmol l21 Cd2+ blocks all inward currents (data
not shown).
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v-Conotoxin has proved a useful tool for differentiating pharmacologically between
different HVA calcium currents in vertebrate neurones since N-type calcium channels
seem to be preferentially blocked by v-Conotoxin (Olivera et al. 1991; Sher and
Clementi, 1991). At concentrations as high as 5 mmol l21 v-Conotoxin shows no clear
effect on calcium currents in MNSCs (N=8), even after several minutes of application
(data not shown).

Application of the dihydropyridine calcium channel antagonist nitrendipine showed no
consistent effect on calcium channel currents. Although no effect of nitrendipine on
current–voltage relationship could be observed in two experiments, in five other
experiments a small effect in the current–voltage relationship was found (Fig. 1). The L-
type channel agonist Bay-K-8644 failed to increase current amplitudes through HVA
channels of MNSCs in a series of four experiments (data not shown). The observation that
both agonist and antagonist had apparently little or no effect on calcium channel currents
suggests that no L-type currents are present in MNSCs of locusts, thus corroborating the
results of Byerly and Leung (1988) and Pearson et al. (1993).

Tetrandrine is a bis-benzylisoquinoline isolated from the roots of Stefania tetrandra sp.
Moore and has been used in traditional medicine in China. One site of action of
tetrandrine seems to be on calcium channels and it has been shown to block L-type
channels in GH3 pituitary cells (King et al. 1988), to reduce calcium currents in nerve
terminals (Wiegand et al. 1990) and to block all calcium currents in spinal cord cells
(Bickmeyer and Wiegand, 1993). In spinal cord neurones, the effects of tetrandrine were
maximal after 7 min and the effects were partially reversible by washing cells for about
30 min. Because we could not completely prevent the ‘run down’ of calcium channel
currents in MNSCs, we measured the effects of tetrandrine after only 2 min of exposure, a
time at which the full effect may not have developed. We were not able to wash out the
effects of tetrandrine. In 15 experiments at tetrandrine concentrations of 10–200 mmol l21

we found a dose-dependent reduction of calcium current amplitude; a concentration of
200 mmol l21 blocked all calcium channel currents. Fig. 2A demonstrates the effect of
33 mmol l21 tetrandrine on the peak inward current amplitude. The rate of decay of
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Fig. 1. Effect of 1 mmol l21 nitrendipine on current–voltage relationships of (A) a non-
sensitive cell and (B) a cell showing a small effect. The lower traces represent the controls.



calcium currents was increased under tetrandrine treatment (Fig. 3), an effect similar to
that reported by Bickmeyer and Wiegand (1993) in mouse spinal cord neurones,
indicating a use-dependent open channel block like that recently demonstrated by
Weinsberg et al. (1994).

The group of MNSCs of the pars intercerebralis of Locusta migratoria represents a rather
heterogeneous neurone population with respect to excitability (Rössler and Bickmeyer,
1993), but all the cells we investigated showed voltage-dependent calcium channels. Only
HVA calcium currents blocked by high concentrations of cadmium and tetrandrine were
found. Common calcium channel antagonists and agonists failed to show a clear effect on
MNSCs, indicating some differences between vertebrate and insect calcium channels.

v-Conotoxin is used for pharmacological classification of HVA calcium currents in
vertebrate neurones (Olivera et al. 1991), but is ineffective in discriminating MNSC
calcium currents, an observation similar to that reported for Manduca sexta (Hayashi and
Levine, 1992). The HVA currents are not increased by the use of Bay-K-8644 and are
only slightly affected by nitrendipine, indicating that no L-type current is present and
corroborating data from Pearson et al. (1993) from dissociated locust thoracic neurones.
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Fig. 2. (A) A representative trace showing the effect of 33 mmol l21 tetrandrine (upper trace)
on the current–voltage relationship of a typical cell. (B) Current traces (280 mV to 0 mV)
before (lower trace) and after treatment with tetrandrine (upper trace).
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Fig. 3. Normalized current amplitudes of a cell before (lower trace) and after treatment with
50 mmol l21 tetrandrine (upper trace), demonstrating the faster current decay in the presence
of tetrandrine.



The fourth pharmacological substance whose effects on MNSCs were examined was
tetrandine, which is known to block voltage-operated calcium channels in vertebrate
neurones (King et al. 1988; Bickmeyer and Wiegand, 1993) and in ventricular cells (Liu
et al. 1992). In spinal cord and dorsal root ganglion neurones, as well as in bovine
chromaffin cells, tetrandrine affects all voltage-operated calcium channels, inducing a
faster current decay. In bovine chromaffin cells, tetrandrine has recently been shown to be
a use-dependent open-channel blocker (Weinsberg et al. 1994). Interestingly, tetrandrine
seems to affect calcium channel currents of vertebrate and insect neurones in a similar
way, whereas other pharmacological agents fail to be effective, suggesting that the target
of tetrandrine in calcium channels may be similar in different animal classes.

Vertebrate calcium channel effectors fail to affect locust MNSCs, so pharmacological
substances that affect locust calcium channels may fail to affect vertebrate calcium
channels. This may mean that a search for pharmacological substances affecting calcium
channels and electrical activity of MNSCs in vitro could provide useful information about
the regulation of the humoral system in locusts and could, therefore, contribute to the
development of pest-controlling substances.

We thank Professor Dr K. Kalmring for supporting this work and Frank Weinsberg and
Tanja Kaiser for critical reading of the manuscript and for helpful comments.
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