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1.-OBJECTIVES OF THE STUDY 

 Botulinum neurotoxins are actually widely used in cosmetic science due to their 
marked and long-lasting antiwrinkle activity. However, the risk of severe toxic effects 
could limit their clinical use and therefore non-toxic molecules able to mimic the action 
of botulinum toxin are needed to offer safer alternatives to botulinum toxin in 
cosmetics.  

 Botulinum toxins effects are related to the inhibition of the Ca2+-dependent 
neurotransmitter release in neurones (Johnson, 1999) by cleaving synaptic proteins 
essential for regulated neuronal exocytosis (Chen et al., 2001), specifically the vesicular 
protein VAMP, and the membrane proteins syntaxin and SNAP-25 (Chen et al., 2001). 
As a consequence, the protein fusion complex assembled by these proteins, known as 
the SNARE complex, is destabilized preventing vesicle fusion with plasma membrane, 
and consequently abrogating Ca2+-triggered exocytosis. 

 In this frame, a new synthetic peptide has been synthetized by Myocept in the 
search of a botulinum toxin like small peptide that could exert antiwrinkle activity. 

 The primary objective of the present study was the characterization of the 
potential modulatory effects of the peptide from Myocept, and that of the reference 
compound argireline (Blanes-Mira et al., 2002) on Ca2+-dependent catecholamine 
secretion from bovine chromaffin cells.  

 If a modulatory effect on neurosecretion would be observed, the following 
secondary objectives were planned to further characterize the mechanism of action of 
the peptide: 

1.-Characterization of the possible effects of the compounds on voltage-dependent 
sodium channels. 

2.-Characterization of the possible effects of the compounds on voltage-dependent 
calcium channels. 

3.-Characterization of the possible effects of the compounds on the exocytotic 
machinery. 
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2.-METHODS 

2.1.-Preparation and culture of bovine chromaffin cells 

 Bovine adrenal chromaffin cells were isolated following standard methods 
(Livett, 1984) with some modifications (Moro et al., 1990). Cells were suspended in 
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 5% fetal calf serum, 
10 µM cytosine arabinoside, 10 µM fluorodeoxyuridine, 50 I.U./ml penicillin and 50 
mg/ml streptomycin.  

 For secretion experiments in cell populations, cells were plated in 5 cm diameter 
Petri dishes (5x106 cells per 5 ml DMEM). For secretion experiments in single cells and 
for measurements of ionic currents cells were plated on 1 cm diameter glass coverslips 
at a density of 105 cells per coverslip. 

  

2.2.-Catecholamine secretion from cell populations 

 For catecholamine secretion experiments, chromaffin cells (5x106 cells) were 
placed in a microchamber and superfused at room temperature (23 ± 2°C) with Krebs-
HEPES solution of the following composition (mM): NaCl 144, KCl 5.9, CaCl2, 2, 
MgCl1 1.2; HEPES 10, and glucose 10, pH 7!4. The rate of superfusion was 1 ml/min; 
the liquid flowing from the perfusion chamber reached an amperometric detector 
through a thin polyethylene tube. Electrochemical detection of released catecholamines 
was performed with a Methrom amperometric detector equipped with a glassy carbon 
working electrode, an Ag-AgCl reference electrode and a gold auxiliary electrode. 
Catecholamines were oxidized at a potential of +0,65 V and the oxidation current signal 
was digitized and recorded with a computer (Borges et al., 1986). 

 Catecholamine release was studied under resting conditions (spontaneous 
output) or in response to brief pulses of acetylcholine (ACh) or high K+ solutions. The 
stimulation solutions are referred to as ACh (100 µM ACh dissolved in normal Krebs-
HEPES solution containing 2 mM Ca2+) or 70 mM K+ (Krebs-HEPES with 70 mM K+, 
with equimolar reduction of NaCl to keep isotonicity)(Cuchillo-Ibáñez et al., 2002). 

 

2.2.-Catecholamine secretion from single cells measured by carbon fiber 
amperometry 

 Quantal release of catecholamine was measured with amperometry (Chow et al., 
1992; Wightman et al., 1991). Electrodes were built as previously described (Kawagoe 
et al., 1993) by introducing a 10 µm diameter graphite fibre (Amoco) into glass 
capillary tubes (Kimble-Kontes). These tubes were then pulled (Narisighe PC-10 pipette 
puller), and the carbon fibre was inserted in both thin ends of the pulled tube and was 
cut with a pair of small scissors obtaining thus two pipettes with a carbon fibre piece 
sticking out of each tip. The tip was sealed by a two-component epoxy (EPIKOTE 828- 
Miller-Stephenson, Danbury, CT; and m-phenylendiamine, 14%, Aldrich, Steimheim, 
Germany). The electrodes were left overnight to dry, introduced into an oven at 100°C 



! P!

for 2 h, and then kept another 2 h at 150°C. The electrodes were calibrated following 
good amperometric practices (Machado et al., 2008) by perfusing 50 µM 
norepinephrine dissolved in standard Tyrode and measuring the current elicited; only 
electrodes that yielded a current between 200 and 400 pA were used. 

 The coverslips containing the cells were mounted in a chamber on a Nikon 
Diaphot inverted microscope used to localize the target cell, which was continuously 
superfused by means of a five-way superfusion system with a common outlet driven by 
electrically controlled valves, with a Tyrode solution composed of (in mM) 137 NaCl, 1 
MgCl2, 5 KCl, 2 CaCl2, 10 HEPES, and 10 glucose (pH 7.4, NaOH).  

 Cell secretion was stimulated by three sequential pulses of 70 mM K+ for 5 s, 
delivered from a micropipette located 40 µm away from the cell right side of the cell 
being explored; solutions bathed the cells by gravity, upon opening of computer-driven 
valves.  

 Amperometric currents were recorded using an EPC-9 amplifier and PULSE 
8.80 software (HEKA Elektronik). A 700-mV potential was applied to the electrode 
with respect to an AgCl ground electrode. Spike analysis was performed using the Pulse 
software and Igor Pro Software (Wavemetrics, Lake Oswego, OR). 

 

2.3.- Electrophysiological studies 

 Inward currents through voltage-dependent Ca2+ channels (ICa) and voltage-
dependent Na+ channels (INa) in bovine chromaffin cells were recorded by using the 
whole-cell configuration of the patch-clamp technique (Hamill et al., 1981).  

 During the preparation of the seal with the patch pipette, the chamber contained 
a control Tyrode solution containing (in mM) 137 NaCl, 5,3 KCl, 2 CaCl2, 1 MgCl2, 
and 10 mM HEPES, pH 7.4. Once the patch membrane was ruptured and the whole-cell 
configuration of the patch-clamp technique had been established, the cell was locally, 
rapidly and constantly superfused with an extracellular solution of similar composition 
to the chamber solution. For inward ionic current recordings, cells were dialyzed with 
an intracellular solution containing (in mM): 100 CsCl, 14 EGTA, 20 TEA.Cl, 10 NaCl, 
5 Mg-ATP, 0.3 Na-GTP, and 20 HEPES (pH 7.3; CsOH).  

 The external solutions were rapidly exchanged using electronically driven 
miniature solenoid valves coupled to a multi-barrel concentration-clamp device, the 
common outlet of which was placed within 100 µm of the cell to be patched. The flow 
rate was 1 ml/min and regulated by gravity. Experiments were performed at room 
temperature (23± 2°C). 

 Whole-cell recordings were made with fire-polished electrodes (resistance 2–5 
M" when filled with the standard intracellular solutions) mounted on the headstage of 
an EPC-10 patch-clamp amplifier (HEKA Elektronic, Lambrecht, Germany), allowing 
cancellation of capacitative transients and compensation of series resistance. Data were 
acquired with a sample frequency ranging between 5 and 10 kHz and filtered at 1–2 
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kHz. Recording traces with leak currents >25 pA or series resistance >20 M" were 
discarded.  

 Data acquisition was performed using PULSE software (HEKA Elektronic, 
Lambrecht, Germany). The data analysis was performed with Igor Pro (Wavemetrics, 
Lake Oswego, OR) and PULSE software. Coverslips containing the cells were placed 
on an experimental chamber mounted on the stage of a Nikon eclipse T2000 inverted 
microscope.  

 

2.4.-Statistics 
 Comparisons between means of group data were performed by one-way analysis 
of variance (ANOVA) followed by the Duncan post-hoc test when appropriate. A value 
of p # 0.05 was taken as the limit of significance. Data are expressed as means ± S.E.M. 
 
 
3.-RESULTS 

3.1.-Effects of Myocept peptide and the reference compound argireline on 
catecholamine release from bovine chromaffin cell populations. 

 As described above, the antiwrinkle mechanism of action of botulinum 
neurotoxins and related peptides is related to their ability to prevent vesicle fusion with 
plasma membrane, and consequently abrogating Ca2+-triggered exocytosis. Thus, we 
performed an initial series of experiments aimed to characterize whether myocept 
peptide and the reference compound argireline could modulate the catecholamine 
secretory response in bovine chromaffin cells. 

 Two kind of secretory stimuli were used, first ACh, the physiological 
neurotransmitter at the cholinergic splanchnic nerve-chromaffin cell synapse. This 
neurotransmitter binds primarily to neuronal nicotinic receptors in the surface of the 
bovine chromaffin cells, triggering a series of events, including the opening of voltage-
dependent calcium channels (VDCCs), that lead to a transitory increase of cytosolic 
Ca2+ levels that serves to trigger catecholamine secretion. The second type of stimulus is 
based on the use of depolarising solutions (enriched in K+, with isosmotic reduction of 
Na+) that directly opens VDCCS. 

 In these experiments, cells (5x106) were trapped in a small chamber and 
superfused with Krebs-HEPES solution. Catecholamine secretory responses were 
induced by the application of 5-s pulses of a solution containing 100 µM ACh or 70 
mM K+, as indicated at bottom of the figure. This experimental protocol was applied to 
both control (untreated) cells and to cells that had been incubated for 24-28 h in the 
presence of increasing concentrations of myocept peptide or argireline. 

 Figure 1A shows a representative experiment performed in control cells 
(untreated cells incubated for 24 h in the presence of 6 µl/ml of the solvent DMSO). 
Upon challenge of the cells with the perfusion solution containing ACh (100 µM), a 
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small secretory response is observed.  Upon application of a 5-s depolarising pulse (70 
mM K+) catecholamine secretory response further increased. Figure 1B shows a similar 
experiment done in cells treated for 24 h in the presence of myocept peptide (30 µM). 
Note that the catecholamine secretory response was partially reduced. Panels C and D 
of figure 1 show averaged data obtained in this series of experiments performed with 
increasing concentrations of myocept peptide. Note that for argireline, the stock solution 
provided by the study promoter (i.e. 0,5 mg/ml; 562 µM) precluded the use of higher 
concentrations in the study. 
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Figure 1: Blockade by myocept peptide and argireline of catecholamine secretion in bovine 
chromaffin cells. Secretion was elicited by the application of 5-s pulses of a solution 
containing ACh (100 µM) or high K+ (70 mM). A, Catecholamine release (measured as 
oxidation current, in nA) from control cells challenged with 5 ACh pulses and 5 K+ pulses. B, 
Catecholamine release from chromaffin cells incubated for 24 h in the presence of myocept 
peptide (30 µM). C, averaged catecholamine release (in nA) from control bovine chromaffin 
cells and cells incubated for 24 h in the presence of increasing concentrations of myocept 
peptide or argireline (30 µM). D, normalized catecholamine release (% of control cells) 
obtained in cells incubated with myocept or argireline as indicated. Data are means + S.E.M. 
of the number of experiments indicated in parentheses, performed with cells from 4-6 
different cell cultures.  
 
 

For quantitative purposes, the average secretion obtained in the last three pulses with 
each secretagogue was considered. In panel C data are expressed as net catecholamine 
release (oxidation current in nA). In panel D data have been normalized to the secretory 
response obtained in control cells (untreated cells incubated for 24-h in the presence of 
6 µl/ml DMSO). 
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 As shown in Figures 1C and 1D, incubation of the cells in the presence of 
increasing concentrations of myocept peptide induced a concentration-dependent 
decrease of net catecholamine release, with a half-maximal response obtained between 
10 and 30 µM. In similar experiments performed in cells incubated for 24 h in the 
presence of argireline (30 µM), also a slight partial blockade of the catecholamine 
secretory response to ACh was observed.  

 
 

3.2.-Effects of longer incubations with Myocept peptide and argireline on 
catecholamine release from bovine chromaffin cells. 

 The effects of botulinum neurotoxins and related peptides require internalization 
of these peptides into the cell as a previous step to the cleavage of proteins of the 
SNARE complex. Therefore we studied whether longer incubation times in the presence 
of myocept peptide and the reference compound argireline could induce a further degree 
of blockade of catecholamine secretion. We therefore made experiments similar to those 
shown in Figure 1 in cells incubated for up to 48 h in the presence of the peptides. 

 Figure 2 shows the averaged data obtained in this series of experiments in cells 
incubated for 24 or 48 h in the presence of myocept (30 µM) or argireline (30 µM), and 
stimulated either with K+ (Figs. 2A and 2C) or ACh (Figs. 2B and 3D).  
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Figure 2: Blockade by myocept peptide and argireline of catecholamine secretion in bovine 
chromaffin cells incubated for 24 or 48 h in the presence of the peptides. Secretion was 
elicited by the application of 5-s pulses of a solution containing high K+ (70 mM) or ACh 
(100 µM) A, Averaged K+-induced catecholamine release (in nA) B, Averaged ACh-induced 
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catecholamine release (in nA) C, normalized catecholamine release (% of control) induced 
by K+ pulses. D, normalized catecholamine release (% of control cells) induced by ACh 
pulses. Data are means + S.E.M. of 6-8 experiments, performed with cells from 4-6 different 
cell cultures.  
 
 

 As figure shows, there are no significant differences in the degree of blockade of 
catecholamine secretion between cells that had been incubated for 24 h in the presence 
of either myocept peptide or argireline, in comparison with the cells incubated for 
longer (48 h) periods. These results suggest that 24 h incubation is time enough for 
myocept peptide to reach its maximal effects on catecholamine secretion.  

 
 

3.3.-Effects of Myocept peptide and the reference compound argireline on 
catecholamine release from individual bovine chromaffin cells. 

 We have performed a series of experiments aimed to characterize the effects of 
myocept peptide and the reference compound argireline on the quantal catecholamine 
secretory response recorded by amperometry in single bovine chromaffin cells.  

 All these experiments began with an initial 5-min perifusion resting period to 
adapt the targeted cell to its environment. No spontaneous amperometric secretory 
spikes were usually seen during this period (Figure 3).  
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Figure 3: Blockade by myocept peptide and argireline of catecholamine secretion from 
individual bovine chromaffin cells A) Representative amperometric recordings obtained from 
a control cell (left panel), a cell incubated for 24 h in the presence of myocept peptide (10 
mM; middle panel), and a cell incubated for 24 h in the presence of argireline (10 mM; right 
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panel). Catecholamine secretion was induced by the application of a 5-s pulse with a solution 
containing 75 mM K+. B) normalized averaged results showing the blockade of the total 
catecholamine secretion induced by three consecutive 5-s K+ pulses in the absence or in the 
presence of increasing concentrations of myocept peptide or argireline. Data are the mean or 
8-12 cells from three different cell cultures. 
 
 

 To stimulate exocytosis, the basal Tyrode solution containing 2 mM Ca2+ was 
quickly switched to another containing 75 mM K+ that bathed the cell for 5 s.  A given 
cell from a culture dish was stimulated with K+ three times (P1-P2-P3). Figure 3A 
shows three representative amperometric recordings of the spike burst produced by K+ 
stimulation in a control cell and in two cells treated for 24 h with myocept peptide (10 
µM) or argireline (10 µM), respectively. As figure 3 shows, control cells exhibited a 
healthy secretory response characterized by a large number of amperometric spikes. 
However, in cells that had been preincubated for 24 h either with myocept peptide or 
argireline, the number of amperometric spikes induced by K+ superfusion drastically 
decreased. 

 Pooled data on cumulative secretion recorded during the three depolarizing 5-s 
K+ pulses (P1+P2+P3) are shown in Fig. 3B. Data has been normalized with respect to 
the secretion obtained in control (untreated) cells. For experiments with myocept 
peptide, control cells were treated with 0,1% DMSO (the vehicle used for stock 
solutions of myocept peptide). Both myocept peptide and argireline were incubated for 
24 hours before the experiments. As figure shows, myocept peptide induced a 
concentration-dependent blocking effect of catecholamine secretion, with a half-
maximal response at about 10-30 µM. Secretion was almost abolished at the highest 
concentrations of the peptide used (i.e. 100 and 300 µM). In cells that had been 
incubated for 24 h in the presence of argireline (10-30 µM), a concentration-dependent 
effect was also observed, although no higher concentrations of argireline could be tested 
due to the concentration of the stock solutions provided by the promoter of the study. 
 
 

3.4.-Effects on inward currents through voltage-dependent Na+ and Ca2+ channels 

 We performed experiments in voltage clamped bovine chromaffin cells to 
ascertain whether myocept peptide and the reference compound argireline were 
affecting INa and/or ICa when acutely applied to bovine chromaffin cells. For 
comparative purposes, other compounds that have been also used in cosmetic 
antiwrinkle preparations, such as leuphasyl (a new peptide that mimics in vitro the 
natural mechanism of enkephalins, coupling to the enkephalin receptor, on the surface 
of the nerve cells and decreasing their excitability to modulate the release of 
acetylcholine; no scientific references are available for this compound) and SNAP-8 (an 
8 aa peptide, analog of N-terminal of SNAP-25 protein; no scientific references are 
available for this compound). 

 In these experiments the extracellular solution contained 2 mM Ca2+ and INa-ICa 
were elicited by application of 50 ms depolarizing pulses to 0-+10 mV mV, from a 
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holding potential of -80 mV. All the compounds were tested at a single concentration of 
30 µM. 

 Figure 4A shows representative current recordings obtained in bovine 
chromaffin cells in the absence (black traces) and in the presence (red traces) of 30 µM 
of myocept peptide, argireline, leuphasyl or SNAP-8, as indicated. 

 

A 

B C 

 
Figure 4: Blockade by myocept peptide and three reference compounds of whole-cell 
currents through voltage-dependent Na+ (INa) and Ca2+ channels (ICa) in bovine chromaffin 
cells. Cells were voltage-clamped at -80 mV. Upon breaking into the cell, 50-ms depolarizing 
pulses to 0-+10 mV were applied at 30-s intervals. 2 mM Ba2+ was used as the charge carrier. 
A, original INa-ICa traces taken in control conditions and upon superfusion of the cells with 30 
µM of myocept peptide, argireline, leuphasyl or SNAP-8. Arrows indicate the points where 
INa and ICa are measured. B, normalized averaged results showing the blockade of INa by 
myocept peptide, argireline, leuphasyl and SNAP-8. C, normalized averaged results showing 
the blockade of ICa by myocept peptide, argireline, leuphasyl and SNAP-8.  Data are means + 
S.E.M. of the number of cells indicated in parentheses, from at least 3 different cell cultures. 
*p<0,05; ***p<0,001 with respect to control. 

 

 As shown in the figure, myocept produced a small but significative blockade of 
INa that amounted to 13% for myocept peptide; 22% for argireline, 23% for leuphasyl 
and 22<5 for SNAP-8. In the case of ICa, myocept peptide induced a small (8,8%) 
blockade of ICa, while the other compounds blocked ICa by 28% (argireline), 32% 
(leuphasyl) or 22% (SNAP-8), respectively.  
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 These results indicate that at concentrations of myocept peptide that significantly 
blocked catecholamine secretion upon incubation during 24 h, i.e. 30 µM, only a slight 
blocking effect of INa and/or ICa could be observed, thus suggesting that the decrease of 
catecholamine secretion found after the pre-treatment of the cells with this peptide 
could not likely be attributed to a direct blockade of voltage-dependent sodium and 
calcium channels.  

 

 

4.-CONCLUSIONS OF THE STUDY 

 The experimental results described in the present preliminary report indicate 
that: 

4.1.-Upon incubation for 24 h, Myocept peptide induced a concentration-dependent 
decrease of net catecholamine release induced by pulses of a solution containing 
Ach (100 µM) or high K+ (70 mM) in bovine chromaffin cells, with a half-maximal 
response obtained between 10 and 30 µM. In cells incubated for 24 h in the 
presence of argireline (30 µM), also a slight partial blockade of the catecholamine 
secretory response to ACh was observed. It should be noted that an IC50 for 
argireline of !110 µM has been previously reported (Blanes-Mira et al., 2002). 

4.2.-No further blocking effects of catecholamine secretion were observed upon 
incubation of the cells for longer periods of time (up to 48 h), suggesting that 24 h 
incubation is time enough for myocept peptide to reach its maximal effects on 
catecholamine secretion.  

4.3.-Myocept peptide induced a concentration-dependent drastically decreased the 
number of amperometric spikes induced by K+ in single bovine chromaffin cells, 
with a half-maximal response at about 10-30 µM. Catecholamine secretion was 
almost abolished at the highest concentrations of the peptide used (i.e. 100 and 300 
µM). In cells incubated for 24 h in the presence of argireline (01-30 µM), a 
concentration-dependent effect was also observed, although no higher 
concentrations of argireline could be tested due to the concentration of the stock 
solutions provided by the promoter of the study. 

4.4.-At concentrations of myocept peptide that significantly blocked catecholamine 
secretion upon incubation during 24 h, only a slight blocking effect of the peptide 
on INa and/or ICa could be observed, thus suggesting that the decrease of 
catecholamine secretion found after the pre-treatment of the cells with this peptide 
could not likely be attributed to a direct blockade of voltage-dependent sodium and 
calcium channels.  
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