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Abstract
Background—Nerve-stimulated fade in muscle is generally accepted as a prejunctional
phenomenon mediated by block of prejunctional acetylcholine receptors (AChRs) at the nerve
terminal, while decrease of twitch tension is considered a postjunctional effect due to block of
muscle AChRs. Using ligands with specific pre or postjunctional effects only, we tested the
hypothesis that fade is not necessarily a prejunctional phenomenon.
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Methods—Neuromuscular function in rats was evaluated after intramuscular (2.5U) or IV
(12.0U) injection of botulinum toxin (Botx), or IV (250µg/kg) alpha-bungarotoxin (α-BTX) alone.
The acute neuromuscular effects of IV 2mg/kg dihydro-β-erythroidine (DHβE), alone and in
combination with α-BTX were also tested. Botx decreases vesicular release of acetylcholine
(ACh), and α-BTX binds to postjunctional nicotinic AChRs only, while DHβE binds specifically
to prejunctional α3β2 AChRs only. In view of the lack of acute effects of Botx even at 2 hours
after IV injection, its neuromuscular effects were also evaluated at 24 hours after intramuscular
injection (0.6 U) and compared to intramuscular injection of α-BTX (25 µg/kg) or saline also
given 24 hours earlier. The sciatic nerve-tibialis muscle preparation, during train-of-four and
tetanic stimulation, was used to test neuromuscular effects in vivo.

Results—Intravenous and intramuscular Botx had no observable neuromuscular effects at 2
hours. Intravenous α-BTX caused twitch depression within a few minutes, and significant fade
(P=0.002) at 75% of baseline twitch tension; these effects persisted until the end of the
observation period of 2 hours. Intravenous DHβE alone caused no significant change in single
twitch (p=0.899) or train-of-four ratio (P=0.394), but significantly enhanced the fade of IV α-BTX
(P=0.001 at 75% of baseline twitch tension). Intramuscular Botx or α-BTX, at 24 hours after their
injection, resulted in a significant decrease of single twitch and tetanic tensions (p<0.0001), but
Botx did not cause fade, while α-BTX caused significant (P<0.0001) fade at 24 hours. The tibialis
muscle weights and protein expression of α1 subunit of AChR (Western blots) did not differ
between Botx, α-BTX and saline-injected groups at 24 hours but increased in denervated muscle
(positive control).

Conclusions—Botx-induced decreased ACh release in and of itself does not cause fade but does
cause decrease of absolute tensions. Decrease of available (functional) postjunctional AChRs by
α-BTX did induce fade. The prejunctional fade effects of DHβE on α3β2 AChRs become
manifest only when the margin of safety was decreased by concomitant administration of α-BTX.
Thus, fade during repetitive stimulation is not always a prejunctional phenomenon, and may also
reflect the decreased margin of safety of neurotransmission, which can be due to a pure
postjunctional AChRs block or to a combination of both pre and postjunctional AChRs block.
Block of prejunctional α3β2 AChRs alone is not necessary and sufficient to cause fade.

Introduction
Neuromuscular blocking drugs are extensively used in the intra and postoperative period,
including the intensive care unit. Assessment of neuromuscular recovery after the use of
neuromuscular blockers is increasingly advocated.1–3 In the presence of neuromuscular
block by muscle relaxants, train-of-four (TOF) fade, tetanic fade or Wedensky inhibition is
observed.4 These neuromuscular changes, when present, reflect the inability of the muscle to
maintain sustained (repetitive) contraction at the same initial level. Thus, for example, the
response during 2Hz stimulation (the TOF ratio/fade) is used to evaluate the extent of
neuromuscular block and adequacy of the recovery from relaxant-induced paralysis.1–3 It
has been generally accepted that fade observed during repetitive nerve stimulation is a
presynaptic phenomenon, while depression of twitch tension can be a prejunctional effect
due to decreased release of acetylcholine (ACh) or a postjunctional effect related to
decreased binding of ACh to the postjunctional acetylcholine receptors (AChRs) caused by
occupation of these receptors by the muscle relaxant.5–7

Bowman has suggested that, during repetitive nerve stimulation, the prejunctional nicotinic
AChRs enhance further mobilization of ACh by positive feedback mechanism to maintain
twitch tension at the same level.4 He proposed that block of the prejunctional AChRs by the
nondepolarizing muscle relaxant attenuates the enhanced mobilization of ACh that occurs
during repetitive stimulation; attenuation of the enhanced mobilization by block of these
prejuctional AChRs results in fade.8,9 Subsequently, Faria et al using the rat phrenic-
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diaphragm preparation (ex-vivo) showed that specific inhibition of the presynaptic nicotinic
α3β2 AChRs, with dihydro-β-erythroidine (DHβE) or with α-conotoxin MII alone did not
induce fade, although ACh release during repetitive stimulation was indeed decreased
during block of α3β2.10 However, tetanic fade with inhibition of α3β2 AChRs by DHβE or
α-conotoxin MII was noted only when the safety margin of neuromuscular transmission was
decreased with high concentrations of magnesium (6–7 mM) ex-vivo in the bath.10,11

(Normal concentration of total plasma magnesium ranges from 0.7 – 1.0 mM.) Jonsson et
al12 demonstrated that clinically used muscle relaxants inhibited some of the neuronal
nicotinic AChRs including α3β2 expressed in oocytes, but the relationship of this inhibition
to fade was not studied. Furthermore, almost all studies regarding contribution of pre and
postjunctional AChRs to fade phenomenon used in vitro and ex-vivo models. Thus, the
precise mechanism of the fade or even the specific AChRs causing fade has not been
completely characterized, especially using an in vivo model.

This study in rats tested the hypothesis that the decreased release of ACh prejunctionally
does not necessarily result in fade, while decreased availability of AChRs postjunctionally
can lead to fade during repetitive nerve stimulation, even in the absence of any prejunctional
block of AChRs. This hypothesis was tested using intramuscular or IV injections of two
natural toxins, botulinum toxin (Botx) which has pure prejunctional effects decreasing the
release of ACh, and alpha-bungarotoxin (α-BTX) which has exclusive postjunctional effects
impairing binding of ACh to AChRs, respectively. In addition, the effect of DHβE, a
specific antagonist of prejunctional α3β2 AChR,10,13 on fade was tested in vivo alone and
in combination with IV α-BTX.

Materials and Methods
Animals

The study protocol was approved by the institutional animal care committee. Male Sprague-
Dawley rats (Taconic, MA), weighing 155–250 g, were used. After at least one week of
acclimatization at our animal facility, the animals were randomly allocated to different
experimental groups.

In a group of animals (n=5), after establishment of steady twitch tension, the stability of the
in vivo neuromuscular preparation was tested for 2 hours while no drug affecting
neurotransmission was administered. The drugs used for our subsequent experiments
included Botx, α-BTX and DHβE. In the initial experiments with Botx (Botox®; Allergan
Inc., Irvine, CA), the rats received 2.5U (n=3) into tibialis muscle, or 12U IV (n=3) through
the jugular vein during pentobarbital anesthesia (60 mg/kg) intraperitoneally. Another group
of rats received IV injection of 250µg/kg α-BTX (α-Bungarotoxin from Bungarus
multicinctus, EMD Chemicals, Inc. Gibbstown, NJ) alone (n = 4), or 2mg/kg DHβE (Tocris
Bioscience, Ellisville, MO) IV alone (n=4). A third group of rats (n=4) received 250µg/kg
α-BTX together with 2mg/kg DHβE IV.

Neuromuscular function studies at 24 hours after Botx injection were necessary since Botx
caused no neuromuscular effects at the end of the observation period of 2 hours. Since IV
administration of Botx causes systemic paralysis and death, the toxin was injected directly
into the tibialis to produce a pure a local effect, and the neuromuscular effects of this
injection tested 24 hours later. For comparative purposes, therefore, α-BTX or saline was
also injected intramuscularly and studies performed at 24 hours after these injections. The
first group of rats (n=8) received one injection of Botx 0.6U into the tibialis muscle of one
side. Another group of rats (n=8) received intramuscular α-BTX (α-bungarotoxin from
Bungarus multicinctus, Sigma-Aldrich, St. Louis, MO) 25µg/kg into the tibialis of one side.
Time-matched control animals (n=9) received an equivalent volume of saline. For the

Nagashima et al. Page 3

Anesth Analg. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



intramuscular injection, the rats were anesthetized with pentobarbital (60 mg/kg
intraperitoneally), and the limbs shaved and disinfected. The total volume (0.5 ml) of diluted
toxin was aliquoted into two equal parts (0.25 ml), and then injected into the medial and
lateral aspects of the middle of the tibialis muscle belly, where the neuromuscular junction is
usually located. After injection of toxin or saline, the animals were monitored until recovery
from anesthesia, and then returned to their cages. At 24 hours after the injection,
neuromuscular function including TOF and tetanic fade was evaluated.

Anesthesia and Vital Parameters
The methods used were essentially the same as described previously.14,15 Anesthetized with
pentobarbital, the animals were tracheostomized and their lungs ventilated using a Harvard
ventilator (Harvard Apparatus, Holliston, MA). The right carotid artery was cannulated to
measure arterial blood pressure and perform blood gas analyses. Heart rate and mean arterial
blood pressure were continuously monitored to ensure stable hemodynamic conditions
throughout the experiment. Arterial oxygen tension (PaO2), arterial carbon dioxide tension
(PaCO2), and acid–base status were intermittently measured and ventilation corrected to
normal range, if necessary. Body temperature was monitored with a rectal probe and
maintained at 36°–38°C by a heat lamp. Anesthesia was maintained with repetitive doses of
pentobarbital based on cardiovascular signs of inadequate anesthesia. A venous catheter was
inserted into the right jugular vein for administration of the drugs and fluids.

Rats were excluded from the experiment if they were hemodynamically unstable (mean
arterial blood pressure < 80 mmHg), or if their blood gas status throughout the experiment
was not within the defined predefined ranges (PaO2 > 90 mmHg; pH 7.36–7.44; PaCO2 =
36–44 mmHg).

Neuromuscular Function Test
Neuromuscular transmission and function were monitored by evoked mechanomyography
using a peripheral nerve stimulator (NS252; Fisher & Paykel Health Care, Irvine, CA) along
with a Grass force transducer and software (Grass Technologies, West Warwick, RI). For
this purpose, rats were placed in the dorsal recumbent position. The tendon of the insertion
of tibialis muscle was surgically exposed on each side and individually attached to separate
Grass FT03 force displacement transducers (Grass Technologies). Both sciatic nerves were
exposed at the thigh and stimulation electrodes were attached for nerve-mediated stimulation
of the tibialis muscle. The knees were stabilized rigidly with a clamp. A baseline tension of
approximately 50 g was applied to the tendon of each tibialis muscle, which yielded optimal
evoked tensions. The nerve-evoked tension of each muscle was recorded using the Grass
Polyview Software.

Initially, during supramaximal stimuli, baseline mechanomyographic responses were
stabilized over a period of 30 minutes using the TOF stimulation pattern, every 20 seconds.
At the end of this period, the evoked muscle tension developed during TOF stimulation was
recorded. For the experiments performed on the day of toxin injection, the effects of the
drugs were evaluated using the TOF stimulation. In the experiments performed 24 hours
after intramuscular injection, TOF stimulation was followed by tetanic stimulation at 50 Hz
for 5 seconds to assess the maximal tetanic muscle tensions and the fade associated with
tetanic stimulation. TOF fade was calculated as T4/T1 ratio, where T4 and T1 are the fourth
and first twitch tensions in the same train. T1 height during TOF stimulation was termed
single twitch tension. Tetanic fade was calculated as Te/Ti ratio, where Te and Ti are end
and initial tetanic tensions during 50Hz tetanic stimulation. The peak tension during tetanic
stimulation was termed tetanic tension. After neuromuscular function studies, the animals in
the 24 hour study group were euthanized, and the tibialis muscles on both sides harvested,
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weighed, snap frozen in liquid nitrogen, and stored at −80°C for later biochemical analysis
of protein expression of α1AChR subunit.

Protein expression of the α1 subunit of Acetylcholine Receptor
The α1AChR subunit protein expression in the tibialis muscles from Botx (n=5), α-BTX
(n=5), time-matched and saline-injected rats at 24 hours (n=5), and denervated muscles at
one week (n=5) were assayed using Western blotting. In brief, the tibialis muscle was
homogenized in 4ml of ice-cold homogenization buffer [50mM HEPES-NaOH (pH 7.5),
100mM NaCl, 1%Triton X-100, 5mM EDTA, 8µg/ml Aprotinin, 8µM Leupeptin, 0.1mM
phenylmethylsulfonyl fluoride, 25mM NaF, 2mM Na3VO4] with a POLYTRON PT 10/35
homogenizer (Brinkmann Instruments, Inc. Westbury, NY). The homogenized samples were
centrifuged at 18,380g for 30 min. Aliquots of the supernatant containing equal amounts of
protein, as determined using the CBQCA protein quantitation kit (Invitrogen Corporation,
Carlsbad, CA), were subjected to SDS-PAGE on a 4–20% Tris-HCl Gel (Bio-Rad, Hercules,
CA) after the addition of Laemmli sample buffer and boiling for 4 min. After electrophoretic
transfer to polyvinylidene difluoride membrane (Bio-Rad), the membrane was blocked in
3% nonfat dry milk for 1 h at room temperature, followed by overnight incubation with
primary antibodies at 4°C. Anti AChR α1 subunit antibody (BD Transduction Laboratories,
San Jose, CA) and anti GAPDH (glyceraldehyde-3-phosphate dehydrogenase) antibody
(Abcam Inc., Cambridge, MA) were used as primary antibodies. This procedure was
followed by another incubation with secondary antibodies conjugated with horseradish
peroxidase for 1 h at room temperature. Western blotting chemiluminescence luminol
reagent was used to visualize the blots. Bands of interest were scanned with the use of Epson
Perfection 2450 Photo Scanner (Epson America, Inc) and quantified by ImageJ software
(US. National Institutes of Health, Bethesda, MD, USA).

Data and statistical Analysis
Continuous variables are expressed as means ± SE. Prism 6 (GraphPAD Software, San
Diego, CA) was used for the statistical analyses. Unpaired t-test was used to compare single
twitch tension or TOF fade values from different animals at the same degree of depression
of the first twitch (Figure 1), or at same time point (Figures 2 and 3). Paired t-test was used
to compare the values from the same animal at the same time point (Figures 2 and 3).
Repeated measures ANOVA followed by Dunnett’s multiple comparisons test was used to
compare preadministration TOF neuromuscular responses to postdrug administration
responses at 75%, 50%, and 25% of baseline twitch tension (Figure 1). One-way ANOVA
followed by Tukey‘s multiple comparisons test was used to compare α1AChR subunit
protein expression between denervated leg and drug-injected legs (Figure 4). Statistical
significance was established as P < 0.05.

Results
Neuromuscular function test

In preliminary studies with no drug (toxin) injection, where the stability of the in vivo
preparation was assessed, there were no significant changes in single twitch tensions
(P=0.579) and TOF ratios (P=0.621) with time until the end of observation period of two
hours. Consistent with previous studies,14,15 intramuscular injection of 2.5U Botx did not
produce any significant neuromuscular effects up to 2 hours after its administration.
Similarly, IV 12U Botx produced no significant changes in twitch responses (P=0.607) or in
the TOF fade responses (P=0.451) during the 60 min of observation. In the next set of rats,
IV administration of 2mg/kg DHβE showed no significant changes in single twitch tension
(P=0.899) or TOF ratio (P=0.394) throughout 60 min after drug administration compared
with predrug administration values. We next studied the neuromuscular effect of IV
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administration of α-BTX. After stabilization of twitch tension, IV administration of α-BTX
(250µg/kg) caused depression of single twitch tension within 2–3 minutes. The times taken
for decrease of twitch height to 75, 50, and 25% of baseline height were 13.5±0.25,
17.6±0.61, and 22.6±0.81 minutes, respectively. This dose of α-BTX caused 100% twitch
depression within 60 minutes. The recovery of twitch or fade was not observed during the
period of observation of 2 hours after IV administration of α-BTX. At 75, 50, and 25% of
baseline twitch tension after α-BTX, the TOF fade associated with these twitch depressions
were 0.92±0.01, 0.84±0.01, and 0.79±0.01, respectively, all of which were significantly
different (P=0.002, P=0.002, and P=0.004, respectively) compared to TOF at predrug
administration (Figure 1). At 75, 50, and 25% of baseline twitch tension the administration
of 2mg/kg DHβE in combination with 250µg/kg α-BTX significantly accentuated the TOF
fade produced by α-BTX alone P=0.001 at 75% of baseline twitch tension (T1), P=0.021 at
50% of T1, and P=0.038 at 25% of T1, Figure 1).

At 24 hours after intramuscular 0.6U Botx injection, the single twitch and tetanic tensions
were significantly (P<0.0001) decreased compared with time-matched saline-injected leg as
well as contralateral leg (Figure 2). Similarly, at 24 hours after intramuscular α-BTX, the
tetanic tension was significantly (P<0.0001) decreased compared with time-matched saline-
injected leg as well as contralateral leg (Figure 2). The single twitch tension was also
significantly (P=0.004) decreased at 24 hours in the α-BTX leg compared with contralateral
leg (Figure 2). During TOF and tetanic stimulations, the intramuscular Botx-injected leg
showed no significant TOF fade and tetanic fade relative to contralateral leg (P=0.055, and
P=0.267, respectively) as well as time-matched saline-injected leg (P=0.063, and P=0.068,
respectively. Figure 3). Quite in contrast to Botx, the α-BTX-injected legs showed
significant fade (P<0.0001) during both TOF and tetanic stimulations compared with
contralateral leg as well as time-matched saline-injected leg at 24 hours (Figure 3).

Muscle Mass and Acetylcholine Receptor α1 Subunit Expression
In experiments performed 24 hours after the injections, muscle weights on the toxin-injected
side did not differ from the contralateral side and saline-injected side (data not shown). The
protein expressions of α1 subunit of AChR in the tibialis muscle also showed no significant
differences after Botx or α-BTX relative to time-matched saline-injected leg (P=0.956 and
P=0.670, respectively, Figure 4). Equal protein loading was confirmed by the protein
expression of GAPDH. Denervation for one week, in contrast, showed significant
(P<0.0001) upregulation of α1AChR subunit compared with drug-injected legs.

Discussion
Our studies with Botx, αBTX and/or DHβE, or saline demonstrate that: 1. both IV and
intramuscular administration of α-BTX causes fade; 2. acute intramuscular (2.5U) or higher
IV dose (12U) of Botx has no significant neuromuscular effects for up to 2 hours, while a
small 0.6U intramuscular dose of Botx causes significant twitch depression but no fade after
24 hours; 3. IV injection of presynaptic α3β2 antagonist, DHβE alone, does not induce
twitch depression or fade; and 4. the effect of DHβE becomes manifest only when
administrated with α-BTX, where the former enhances the fade produced by the latter when
used alone. These results demonstrate that the block of α3β2 AChRs alone by DHβE is not
necessary and sufficient to cause fade, but the functional effect of the block of α3β2
becomes manifest only when the margin of functional safety is diminished by decrease of
functional postjunctional AChRs.

Botx binds with high specificity to the synaptosomal-associated protein of 25-kDa
(SNAP-25) and prevents release of ACh at the nerve terminal release-sites.16 Thus, despite
normal nerve conduction up to the nerve terminal, the ACh vesicles cannot be released,
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which results in decreased neuromuscular transmission and muscle tension, as evidenced in
our present studies. Even with the decrease of the single twitch and/or tetanic tensions after
Botx, no fade was observed at 24 hours. This observation suggests that decrease of ACh
release by Botx in and of itself does not lead to fade. The lack of fade with Botx is
consistent with previous observations that high concentrations of magnesium, which
decreases ACh release, caused decrease of tension but no fade.10,17

Botx poisoning in the long-term leads to upregulation of AChRs evidenced as increased
expression of AChR transcripts or protein (assessed by 125I-αBT).14,15,18 Thus, one may
pose the question whether denervation-like changes could have modulated the
neuromuscular effects of Botx studied at 24 hours. The muscle weights and α1AChR
subunit expressions were used as surrogate markers of cellular and molecular changes at the
junction at 24 hours. The lack of muscle weight changes and the unaltered expression of
α1AChR subunit indicate that it is unlikely that neuromuscular responses to Botx were
modulated by the prejunctional and postjunctional changes at 24 hours. Regardless, the lack
of fade observed with Botx may be an expected finding; this toxin decreases nerve-induced
release of ACh at the nerve terminal and does not necessarily block the prejunctional α3β2
receptors, implicated in the fade. Another possible explanation for the lack of fade with Botx
is that despite decreased ACh release, the AChR number is normal. In other words, the
decreased release of ACh activates only a small number of AChRs resulting in decreased
twitch tension. However, the receptor reserve is abundant, so that ACh can bind to the
available receptors without causing fade during repetitive stimulation. It is also tempting to
speculate an alternative explanation for the lack of fade: The Botx-induced decreased release
of ACh maintains larger quantities of vesicular ACh at the nerve terminal. The unreleased
large quantities of readily available prejunctional ACh may also account for the lack of fade
with Botx during repetitive stimulation.

The purified form of cobra venom, α-BTX, has been known to bind α1 subunit at the
endplate of neuromuscular junction and neuronal AChR α7–10 subunit AChRs in the
central nervous system, but has no binding to α3β2 subunit.10,19–21 In this study, fade was
seen within a short time after IV dose of α-BTX. Fade was also observed after intramuscular
injection at 24 hours, before changes in expression of α1 AChRs. Since α-BTX has no
prejunctional effects,19 the fade observed acutely and at 24 hours was most likely due to
decreased number of functional AChRs at the neuromuscular junction due to their binding to
α-BTX. These observations indicate that fade can also be produced by a postjunctional
effect and reflects the decreased margin of safety due to reduction of functional
postjunctional AChRs. The fade during α-BTX is explicable: during α-BTX poisoning,
because of the decrease in functional AChRs, the postjunctional receptor reserve is limited.
The continued release of ACh with repetitive stimulation probably desensitizes some AChRs
with little AChR reserve to respond to the next release of ACh; the end result is fade. The
fade seen with α-BTX is reminiscent of the fade seen with myasthenia gravis, where the
functional AChRs are decreased due to antibody-mediated downregulation of postjunctional
AChRs.22

Some previous studies, however, have failed to show fade with α-BTX in vivo and ex vivo.
For example, after IV administration of 100µg/kg α-BTX to cats, the effect developed
slowly, did not attain a steady-state even at two hours after IV administration, and caused no
fade at 50% block of compound muscle action potential.23 Application of α-BTX to rat
isolated diaphragm also did not produce tetanic fade.10 Acute exposure of the mice phrenic
nerve-diaphragm preparations to α-BTX did not produce fade initially, but fade was marked
after prolonged incubation even with a lower concentration of toxin.24 These discrepancies
of α-BTX to cause fade or not may be related to time points of measurement, different
dosage, different species, and/or differences in vivo and ex vivo conditions.
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DHβE is a competitive antagonist of neuronal nicotinic α4β2 and α3β2 AChRs.10,13 The
α3β2 AChR is presumed to be the autoreceptor localized at the presynaptic nerve terminal
and implicated in the mobilization and release of ACh into the synaptic cleft during high
frequency stimulation.6 Although DHβE, a specific blocker of α3β2 AChRs, was capable of
decreasing ACh release from motor nerve endings during high-frequency stimulation, fade
was not seen.10 However, when the margin of safety was decreased with high magnesium
concentration, fade was seen with DHβE.10 Consistently our results showed that DHβE
alone had no effect on fade or twitch height, but the effect of DHβE became manifest when
the margin of safety was reduced by α-BTX. These observations of others ex vivo10 and
ours in vivo suggest that α3β2 AChR block alone does not necessarily cause fade; there
should be other contributory factors such as a decrease in margin of safety being
concomitantly present for the prejunctional α3β2 AChRs to manifest their effects. This
explanation is consistent with the fade observed during administration of nondepolarizing
relaxants, which has prejunctional plus postjunctional effects on the nerve and muscle
AChRs, respectively, simultaneously.

It is also important to note that presynaptic positive feedback to mobilize ACh may not
exclusively rely on α3β2 AChRs. Motor nerve terminals are endowed with other nicotinic,
muscarinic, purinergic P2Y, adenosine receptors, which can cooperatively modulate the
facilitatory release of nerve terminal ACh.25–27 Our study did not explore the roles of these
other receptors and channels in the modulation of neurotransmission and/or fade.

In summary, our results demonstrate that, 1. decreased release of ACh by Botx, or DHβE
alone acting on α3β2 AChRs, does not necessarily cause fade; 2. block of postjunctional
AChRs by α-BTX does cause fade; 3. the role of α3β2 AChRs in fade becomes manifest
only when the margin of safety is decreased by α-BTX. These observations suggest that
fade could reflect the decreased margin of safety of neurotransmission, which can be due to
a postjunctional effect alone or result from a pre and postjunctional effect in combination.
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Figure 1. Train-of-four fade after IV administration of α-BTX with and without DHβE
After IV administration of 250µg/kg alpha-bungarotoxin (α-BTX) with and without 2mg/kg
dihydro-β-erythroidine (DHβE), train-of-four (TOF) fade was measured. Values are
expressed mean ± SE. *P<0.01 versus predrug administration value of TOF fade. #P<0.05
versus TOF fade by α-BTX at the same degree of T1 depression. Administration of α-BTX
alone caused significant fade at 75, 50 and 25% depression of baseline twitch height. The
combined administration of α-BTX together with DHβE caused more significant fade
(p<0.05) when compared with α-BTX alone.
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Figure 2. Single twitch and tetanic tensions after intramuscular administration of Btox, α-BTX
or saline
After intramuscular administration of 0.6U botulinum toxin (Botx), 25ug/kg alpha-
bungarotoxin (α-BTX), or saline, muscle function was studied 24 hours later. Values are
expressed mean ± SE. *P<0.001 versus time-matched saline-injected leg. #P<0.01 versus
contralateral leg. Both toxins caused significant decrease in twitch and/or tetanic tensions
compared to saline-injected controls and/or contralateral leg.
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Figure 3. Train-of-four fade and tetanic fade after intramuscular administration of Btox, α-
BTX, or saline
After intramuscular administration of 0.6U botulinum toxin (Botx), 25ug/kg alpha-
bungarotoxin (α-BTX), or saline, muscle train-of-four (TOF) fade or tetanic fade was
evaluated 24 hours later. Values are expressed mean ± SE. *P<0.0001 versus time-matched
saline-injected leg. #P<0.001 versus contralateral leg. Botx caused no fade during TOF or
tetanic stimulation, while α-BTX caused significant fade during TOF and tetanic
stimulation.
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Figure 4. Protein expression of α1 subunit of AChR in the tibialis muscle
Western blots of α1 subunit of acetylcholine receptor (AChR) and GAPDH at 24 hours after
intramuscular administration of 0.6U botulinum toxin (Botx), 25ug/kg alpha-bungarotoxin
(α-BTX), or saline. The muscle after denervation at one week was used as positive control.
GAPDH was used as a loading control. Values are expressed mean ± SE (n=5/group). The
protein expression of α1AChR subunit did not differ between Botx, α-BTX and saline
groups at 24 hours after intramuscular injections. Denervation significantly (p<0.0001)
increased α1 AChR expression at one week.
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