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POSTSYNAPTIC EFFECTS OF SOME CENTRAL STIMULANTS AT THE
NEUROMUSCULAR JUNCTION

PETER W. GAGE & PANKAJ SAH
School of Physiology & Pharmacology, University of New South Wales, Kensington, N.S.W. 2033, Australia

1 Miniature endplate currents (m.e.p.cs) were recorded with extracellular electrodes from sar-
torius muscles of toads.
2 Central excitant analogues of amylobarbitone (3M2B) and halothane (DBE) decreased the
amplitude and time constant of decay of m.e.p.cs and hence reduced the amplitude of miniature
endplate potentials. The decay remained exponential with single time constant.
3 A central excitant analogue of ether (indoklon) reduced the amplitude of m.e.p.cs and made
their decay biphasic. The decay could be fitted by the sum of two exponentials.
4 Bemegride, a central excitant, prolonged m.e.p.cs. Their decay remained exponential with single
time constant. The effect was not due to inhibition of acetylcholinesterase.
5 All of the drugs tested, including amylobarbitone, reduced the temperature-sensitivity of the
decay of m.e.p.cs.
6 The biphasic decay of m.e.p.cs caused by indoklon could not be explained simply by supposing
that the drug blocked open endplate channels unless it was assumed that the normal rate of channel
closing also increased and became much less temperature-sensitive than normal.

Introduction

Many general anaesthetics have been found to
depress the amplitude of endplate potentials by in-
creasing the rate of decay of endplate currents (for a
review, see Gage & Hamill, 1981). The change in the
time course of these currents is caused by a decrease
in the open time of endplate channels (e.g. Gage,
McBumey & Van Helden, 1978; Gage, Hamill &
Van Helden, 1979). The effectiveness of the general
anaesthetics in reducing the time constant of decay
(TD) of endplate currents and channel lifetime corre-
lates well with membrane-buffer partition coeffi-
cients (Gage & Hamill, 1976), as does their efficacy
as anaesthetic agents (Seeman, 1972), and this has
led to the suggestion that general anaesthetics may
depress central excitatory synapses in a similar way
(Gage & Hamill, 1976; Torda & Gage, 1977).
We have tested the effects on neuromuscular

transmission of central stimulant analogues of the
anaesthetics, amylobarbitone, ether and halothane,
in order to see whether they have an opposite effect
on endplate currents. In addition, we have examined
the effects of bemegride which has been used as an
analeptic in barbiturate poisoning.

Methods

In all experiments, the sartorius muscle of the cane
toad (Bufo marinus) was used. Miniature endplate

currents (m.e.p.cs) were recorded extracellularly.
The methods of intracellular recording of miniature
endplate potentials (m.e.p.p.s.), extracellular record-
ing of m.e.p.cs and analysis of data have been de-
scribed in detail previously (Gage & Hamill, 1976).
The 'control solution' contained (mmol/litre):

NaCl 130, KCl2.5, CaCl2 1.8, Na2HPONaH2PO4
buffer 3. The pH was 7.1 to 7.2. The sodium ion
concentration was raised to 180mM in some experi-
ments to increase the frequency of miniature end-
plate currents.. The drugs, amylobarbitone, 5-ethyl-
5-(3'-methyl-but-2'-enyl) barbituric acid (3M2B, a
gift from Dr P.R. Andrews), hexafluorodiethyl ether
(indoklon) and 1,2 dibromotetrafluoroethane
(DBE) (gifts from ICI), and 4-ethyl-4-methyl-2,6-
dioxopiperidine (bemegride) were dissolved directly
in the normal Ringer to give appropriate concentra-
tions.

Results

5-Ethyl-5-(3 '-methyl-but-2 '-enyl) barbituric acid
(3M2B)

Many anaesthetic barbiturates have been shown to
reduce the time constant of decay of endplate cur-
rents (Adams, 1974; 1976; Seyama & Narahashi,
1975; Torda & Gage, 1976). There have been re-
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ports that 5-ethyl-5-(3'-methyl-but-2'-enyl) bar-
bituric acid (3M2B), an analogue of amylobarbitone,
causes convulsions in whole animals (Taylor &
Noble, 1949; Andrews, Jones & Lodge, 1979). We
have found that 3M2B reduces the time constant of
decay of miniature endplate currents (m.e.p.cs) and
hence depresses miniature endplate potential
(m.e.p.p.) amplitude. These effects of 3M3B
(100 M) are illustrated in Figure 1. An m.e.p.p.
(upper trace) and the associated m.e.p.c. (lower
trace) recorded in control solution can be seen in
Figure la. After exposure to 3M2B (Figure lb) the
m.e.p.cs decayed at a faster rate than in control
solution (see also Figure 2) resulting in a reduction in
m.e.p.p. amplitude. There was no change in the peak
amplitude of m.e.p.cs, nor in the resting potential of
the muscle with this concentration of 3M2B. The
effect of 3M2B on the decay of m.e.p.cs was fully
reversible. The decay of m.e.p.cs, although faster in
the presence of 3M2B, remained exponential with a
single time constant (TD). This is illustrated in Figure
2. M.e.p.cs decayed more rapidly after 15 min in a
solution containing 1OOpM 3M2B (right trace, Fig-
ure 2a) than in control solution (left trace, Figure 2a).
The decays of an averaged m.e.p.c. (average of 20
normalized m.e.p.cs) in control solution (circles) and
in a solution containing 100 pM 3M2B (squares) are
plotted semilogarithmically against time in Figure 2b.
In this experiment, the average TD was 3.1 ms in
control solution and 2.2 ms in the presence of 3M2B.
In 10 similar experiments, the average reduction in
TD caused by 100 pM 3M2B was 40%. M.e.p.cs with a
biphasic decay were not seen at any concentration of
3M2B (range tested, 50 pM- 1 mM).
At the normal endplate, TD decreases as the temp-

erature is raised and the 010 is 2-3 (Takeuchi &
Takeuchi, 1959; Magleby & Stevens, 1972; Gage &
McBurney, 1975). This temperature-sensitivity is
thought to reflect the activation energy of the reac-

a

tion that rate-limits the closing of channels. In order
to characterize the reaction (or reactions) controlling
m.e.p.c. decay in the presence of 3M2B, the
temperature-sensitivity of m.e.p.c. decay in the pres-
ence of the drug was examined. The effect of temper-
ature on the rate of decay of m.e.p.cs in control
solution (circles) and in the presence of 100 ,M
3M2B (squares) is illustrated in Arrhenius plots in
Figure 3. It can be seen that in the presence of 3M2B,
the relationship between - in TD and 1/T was linear
and that the slope of relationship was less than in
control solution. It can be concluded that the reaction
rate-limiting the decay of m.e.p.cs in the presence of
3M2B is a single step reaction and that its activation
energy is lower than normal. In this experiment the
activation energy in normal Ringer solution was
81 kJ/mol and in the presence of 3M2B (100pM) it
was 59 kJ/mol. Results from a number of prepara-
tions showed a significant change (P<0.05, Stu-
dent's t test) in the activation energy, from
75 3 kJ/mol (mean ± s.e. mean) in control solution
(n= 16) to 52 ± 3kJ/mol (n= 6) in the presence of
3M2B.

A mylobarbitone

Amylobarbitone, the anaesthetic analogue of 3M2B,
had effects similar to 3M2B. M.e.p.cs decayed more
rapidly in the presence of the drug but the decay
remained exponential with a single time constant. In
37 cells in control solution (20°C), TD was
2.7 ± 0.1 ms (mean ± s.e.mean) whereas in 1 1 cells in
the presence of amylobarbitone (100 pM) TD was
1.8 ± 0.1 ms. Again, the effect was fully reversible.
Amylobarbitone also caused a reduction in the

temperature-sensitivity of TD. In four cells exposed to
a solution containing 100 pM amylobarbitone, the
activation energy was 60 6 kJ/mol.

b

Figure 1 The effect of 3M2B on m.e.p.ps (upper traces) and m.e.p.cs (lower traces). Representative traces are

shown in control solution (a) and in 100 IM 3M2B (b). 3M2B reduced the amplitude of m.e.p.ps and the time
constant decay of m.e.p.cs. Calibrations: vertical, 0.4 mV for m.e.p.ps, 70 pV for m.e.p.cs; horizontal, 2.5 ms.
Temperature 20°C.
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Figure 2 The rate of decay of m.e.p.cs is increased by 3M2B but remains exponential. (a) Representative m.e.p.cs
in control solution (left trace) and after 15 min in 100 liM 3M2B (right trace). The decays of an average of 20
normalized m.e.p.cs in control solution (0) and in 3M2B (-) are plotted semilogarithmically in (b); (Ordinate: I, the
fraction of the peak current). The straight line fits to the data illustrate that the decays are exponential with single
time constant (TD, denoted by arrows). TDS in control solution and in 3M2B were 3.1 ms and 2.2 ms respectively.
Calibrations: vertical, 70 pV; horizontal, 2.5 ms. Temperature 20°C.
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Figure 3 Arrhenius plots of average TD of m.e.p.cs
recorded in control solution (0) and in a solution con-

taining 100 iM 3M2B (U). Each point represents the
average TD from 15-20 normalized m.e.p.cs recorded at
each temperature. The activation energy obtained from
the linear regression lines of best fit (broken lines) was
80.6 kJ/mol in control solution and 58.5 kJ/mol in the
solution containing 3M2B.

Halothane increases the rate of decay of m.e.p.cs and
at higher concentrations, produces biphasic m.e.p.cs
(Gage & Hamill, 1976). A convulsant analogue of
halothane, DBE, also increased the rate of decay of
m.e.p.cs and reduced m.e.p.c. amplitude. These ef-
fects are illustrated in Figure 4. M.e.p.cs in the pres-
ence of 0.75 mM (Figure 4b) and 1.5 mm (Figure 4c)
DBE decayed more rapidly than before exposure to
the drug (Figure 4a) and the effect was reversible
(Figure 4d). Their amplitude in the presence of
1.5 mM DBE was clearly reduced (Figure 4c). The
decay of m.e.p.cs in the presence of DBE remained
exponential with single time constant (Figure 4e). No
biphasic m.e.p.cs were seen.

Hexafluorodiethyl ether

Diethyl ether depresses the postsynaptic response to
acetylcholine at the neuromuscular junction by re-
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Fire 4 The effect of DBE on m.e.p.cs. Representative m.e.p.cs are shown in control solution (a), 0.75 mM DBE
(b), 1.5 mm DBE (c) and after recovery (d); (e) semilogarithmic plots of the decay of an average of 15 -20 m.e.p.cs in
each of the above solutions. TDS in control solution (-, a), 0.75 mM DBE (U, b), 1.5 mm DBE (A, c) and after
recovery in control solution (0, d) were 1.9, 1.0, 0.5 and 1.9 ms respectively. Calibrations: vertical 70yV;
horizontal, 2.5 ms. Temperature, 23°C.

ducing channel open time (Gage et al., 1979). Hexa-
fluorodiethyl ether (indoklon), a convulsant (Krantz,
Truitt, Speers & Ling, 1958), has been reported to
reduce the amplitude of m.e.p.ps at the frog
neuromuscular junction (Richter, Landau & Cohen,
1977). It was suggested that this effect was due to a

reduction in postsynaptic sensitivity to acetylcholine.
We have found that indoklon affects both the amp-
litude and time course of m.e.p.cs. With low concent-
rations of indoklon (less than 1 mM), a small number
of m.e.p.cs had a biphasic decay but most had a

normal single-exponential decay. At higher concent-
rations (e.g. 3mM) most m.e.p.cs had a biphasic

decay and their peak amplitude was reduced. The
effects of indoklon at a concentration of 3 mM are
illustrated in Figure 5. An m.e.p.c. recorded in the
presence of indoklon (Figure Sb) is smaller than in
control solution (Figure Sa, note change in vertical
calibration). Furthermore, in the presence of indok-
lon, the decay of most m.e.p.cs became biphasic. The
semilogarithmic plot of the average of 20 normalized
m.e.p.cs in indoklon (Figure Sc) shows more clearly
the biphasic nature of the decay. The time constant of
the first phase, Tf, was 1.2 ms and the time constant of
the second, slower phase, Is, was 2.8 ms. If this
biphasic m.e.p.c. is assumed to consist of the sum of
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Figure 5 M.e.p.cs have a biphasic decay in the presence of indoklon. An m.e.p.c. recorded in control solution (a)
has a TD of 2.7 ms. After exposure to indoklon (3 mM) the decay is biphasic (b). (c) A semilogarithmic plot of the
decay of an average of 20 normalized m.e.p.cs recorded in the presence of indoklon is fitted by two straight lines
which give the rates of decay of the initial fast phase (Tf = 1.2 ms) and the slow phase (T. = 2.8 ms), denoted by arrows.

(d) By assuming that the decay of the current can be described by I(t) = A,.exp(-t/T.) + Af.exp(-t/Tf*) (where Iis
the fraction of the peak current) the decay of the average m.e.p.c. is divided into a slow component and a fast
component with time constants , = 2.8 ms and Tf*= 0.3ms. Temperature 20°C. Calibrations: vertical, 80ytV,
horizontal, 2.5 ms.

two exponentials, a 'true' fast phase can be extracted
by subtracting out of the slow phase. The fast phase
obtained in this way is shown in Figure 5d and its time
constant, tf*, was 0.3 ms. The slow phase had a time
constant, as before, of 2.8 ms.
Changes in temperature had relatively little effect

on the decay of m.e.p.cs in the presence of indoklon.
M.e.p.cs recorded at 130, 200 and 30°C in the pres-
ence of indoklon (3 mM) are shown in Figure 6a, b
and c respectively (left traces). The semilogarithmic
plots of the normalized average of 15-20 m.e.p.cs at
the same temperature are shown on the right of each
trace. Changing the temperature from 13°C to 30°C
had very little effect on either Tf* or T,. In this
experiment, Tf*'S at 130 and 30°C were 0.30 and
0.35 ms respectively. At the same temperatures, the
;,s were 2.4 and 2.0 ms respectively. Results from an
experiment in which m.e.p.cs were recorded over a

range of temperatures are shown in Figure 7. Meas-
urements were taken from averages of. 15-20
m.e.p.cs at each temperature. There was less than a

twofold change in either tf* (squares) or T; (circles)
over a temperature range of 20°C. The 010 for both
tf* and TS was 1.4 whereas the Q10 for TD in the same
cell before exposure to indoklon (triangles) was 2.9.

It can be seen that TS in indoklon was less than TD in
control solution at temperatures of 20°C or below.
Average QOos (± 1 s.e.mean) measured in 9 similar
experiments were 1.6 ± 0.1 for Tf* and 1.4 ± 0.1 for T.

Bemegride
Bemegride (megimide, 4-ethyl-4-methyl-2,6-
dioxopiperidine) has been used clinically to coun-

teract the central effects of overdoses of barbiturates.
Bemegride prolongs m.e.p.cs, an effect opposite to
that of amylobarbitone and other similar barbitu-
rates. This effect was relatively slow to develop
(15-30 min) and could be fully reversed by washing
out the drug. Neither the resting potential of the
muscle fibre nor the peak amplitude of m.e.p.cs were
changed significantly. The effects of bemegride on

m.e.p.cs are illustrated in Figure 8. The traces in the
upper half of Figure 8 are representative of m.e.p.cs
in control solution (a), in 1 mM bemegride (b) and in
4mM bemegride (c). Semi-logarithmic plots of the
decay of m.e.p.cs show that the decay remained
exponential as the concentration of bemegride was

raised and the m.e.p.cs became longer (Figure 8d). In
this experiment the time constants of decay in normal
Ringer solution (circles), 1 mM bemegride (squares)
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Figure 6 Changes in temperature have little effect on the decay of m.e.p.cs recorded in the presence of indoklon
(3 mM). Representative m.e.p.cs were recorded at 13°C (a), 20°C (b) and 30°C (c). The semilogarithmic plot of the
decay of an average of 15-20 normalized m.e.p.cs in indoklon at each of the above temperatures is shown to the right
of each trace. The two components shown were separated as described for Figure Sd. The Tf*s measured at 130, 200
and 30°C were 0.3 ms, 0.35 ms and 0.35 ms respectively. t,s at the same temperature were 2.4 ms, 2.3 ms and 2.0 ms
respectively. Calibrations: vertical 60 gN; horizontal, 2.5 ms.

and 4 mM bemegride (triangles) were 1.9, 2.7 and ride were also acting as an anticholinesterase then its
7.0 ms respectively. effectiveness should have been reduced in the pres-
Bemegride could conceivably prolong m.e.p.cs by ence of prostigmine. However, this was not seen:

acting as an anticholinesterase. To test this possibili- bemegride was equally effective in solutions contain-
ty, several experiments were done in the presence of ing prostigmine.
the anticholinesterase, prostigmine (5 ;tM). If bemeg- It was found that bemegride reduced the
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Figure 7 Temperature-sensitivity ofT (0) and Tf (-)
in the presence of indoklon is much less than the temper-
ature dependence of TD (A) recorded in the same cell
before exposure to indoklon. The QOos obtained from
the linear regression lines fitted to the points are 2.9 for
TD, 1.4 for T. and 1.4 for tf*.

temperature-sensitivity of TD. This is illustrated in
Figure 9. The activation energy was 68 kJ/mol in
control solution (circles) and 54.3 kJ/mol in a solu-
tion containing bemegride (1 mm, squares). When
the results from 6 cells were pooled, the activation
energy in control solution was 74 ± 8 kJ/mol and in
bemegride it was 55 ±3 kJ/mol (P<0.05, Student's t
test).

Discussion

The central excitant analogues of amylobarbitone,
halothane and ether all increased the rate of decay of
endplate currents and reduced their amplitude, thus
reducing the amount of charge transferred across
endplate channels and hence the amplitude of end-
plate potentials. The similar postjunctional depres-
sant effect of these central depressants and their
excitant analogues contrasts with their opposite ef-
fects in whole animals. The neuromuscular junction
is obviously not an ideal model for central synapses in
this respect. The two classes of drugs may have
different postsynaptic actions at central excitatory or
inhibitory synapses. Alternatively, the anaesthetics
and their convulsant analogues may have different
effects on transmitter secretion. It is interesting that
bemegride has an opposite postjunctional effect to
amylobarbitone (and other central depressant bar-
biturates): the central effects of bemegride may de-
pend on a similar excitant action.

It has been suggested that amylobarbitone in-
creases the rate of decay of endplate currents by
blocking open endplate channels (Adams, 1974;

1976). Such a mechanism might also account for the
effects reported here. In terms of the blocking model,
the reaction scheme during the decay of an m.e.p.c.
can be represented in simple form as

c a +fcC s-~A 1 'b

where C are closed channels, A are activated (open)
channels, B are blocked channels, a, f and b are rate
constants and c represents the concentration of the
blocking drug. It is assumed that endplate current
amplitude is directly proportional to the number of
open channels, A.

This model might provide an explanation for
m.e.p.cs with decay time constants less than a l or

30 35
m.e.p.cs with 'biphasic' decays, depending on the

30 35 values of the rate constants f and b. The decay after
the peak (amplitude I(O) at t = 0) is given by

I(t) = I(O).(rf-r.) -1(b-r,)exp(- r,t)+
(rf-b)exp(- rft)]

where rf = (c+b+ fc) - obf-
andr,=~++bffab

and r. = oa+b+fc

(1)

(2)

as acb <(a+b+fc)2
Thus, in the presence of a blocking drug, the decay

of m.e.p.cs would have two components, a 'fast'
phase and a 'slow' phase, with initial amplitudes
I(O).(rf-b)/(rf-rS) and I(O).(b-r,)/(rf-r,) and decay
time constants of rf-1 and r,1 respectively. When b,
the rate of dissociation of the blocking drug, is rela-
tively small, the amplitude of the 'slow' phase would
be very small and m.e.p.cs might appear to decay
exponentially with single time constant rf .

Assuming that biphasic m.e.p.cs in the presence
of indoklon can be described as the sum of two
exponentials i.e. I(t) = I(O).[A,.exp(-t/T,) +
Af.exp(-t/tf*)] the values of t' Tf*, A. and Af can be
obtained from averaged m.e.p.cs. In terms of the
simple blocking model the time constant of the slow
phase of decay of an m.e.p.c., T., equals r, l and the
time constant of the 'extracted' fast phase, Tf*, equals
rf. From measurements of rD before exposure to a
drug, and of Tf* and T, in the presence of the drug, the
rate constants b and f can be calculated and the
relative amplitude of the slow phase at t = 0 (As) can
be predicted for comparison with the observed A,
from the equations,

r,(rf + r,)b=

f= (r,+rf-c-b)/c

b-r,
rf- r

(3)

(4)

(5)

ni,
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Figure 8 Bemegride decreases the rate of decay of m.e.p.cs. Representative m.e.p.cs in control solution (a), 1 mm
bemegride (b) and 4 mM bemegride (c) are shown above. A semilogarithmic plot of the decay of an average of 15 -20
normalized m.e.p.cs in each of the above solutions is shown in (d). TDS (denoted by arrows) in control solution (0),
1 mM bemegride (U) and 4 mm bemegride (A) were 1.9 ms, 2.7 ms and 7.0 ms respectively. Calibrations: vertical
70 MV; horizontal 2.5 ms.

It was found that this model, as it stands, cannot
account for the characteristics of the biphasic
m.e.p.cs recorded in the presence of indoklon. At
temperatures below 20°C, TS was less than TD meas-

ured at the same temperature in control solution
(Figure 6). This is inconsistent with the prediction
from equation 2 that

TS> TD + -+ -
b ab

However, this observation can be accommodated if a,
the rate of closing of channels, increases in the pres-
ence of indoklon. Some difficulties remain however,
and these can be illustrated by results from one cell
exposed to 3 mM indoklon (Table 1). In control

solution at 20°C, the average TD was 2.4 ms. In 3 mM
indoklon at the same temperature, TS was 2.3 ms and
Tf* 0.35 ms. The equations above predicted an impos-
sible A, of 1.2 if a is equal to TD. However, arbitrar-
ily decreasing a 1 to 1.4 ms gives an A, of 0.65, close
to the observed As of 0.63. When the temperature
was changed to 1AoC giving a TS of 2.4 ms, Tf* of 0.33
and A. of 0.78, a value of 1.7 ms for x- is needed to
give an A. close to that observed. A similar procedure
gives an a-' of 1.4 ms at 30°C. Thus a would have to
be rather temperature-insensitive in the presence of
indoklon for the model to be acceptable.

Average values for oc- , f and b measured in 10 cells
exposed to 3 mm indoklon at 20°C and in 7 of the
same cells at 30°C, are given in Table 2. From these

b
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Table 1 Rate constants a, f and b predicted, using the simple 'blocking' model, from biphasic m.e.p.cs recorded in
the presence of 3 mM indoklon over a range of temperatures in the one cell.

Observed Predicted
Temp (0C) TS (ms) Tf *(ms) As TD (ms) a (ms) f(s .M ) b(s )

30 2.0 0.25 0.74 - 1.4 2.3 x 105 3.1 x 103
20 2.3 0.35 0.63 2.4 1.4 2.0 x 105 2.0 x 103
13 2.4 0.33 0.78 - 1.7 1.4 x 105 2.5 x 103

The TD at 20°C was recorded in control solution before exposure to indoklon.

Table 2 Average values (1 s.e.mean in parenth-
eses) for a1, f and b calculated as described in the
text, from tf*, TS and As, measured in 10 cells at
29°C and 7 of the same cells at 30°C in the presence
of 3 mM indoklon

Temperature ao f b
(OC) (ms) (s .M ) (s1)

20 1.3 1.6x 105 2.4x 103
(0.1) (0.2) 5 (0.1) 3

30 0.96 2.3x 10 3.2x 10
(0. 1) (0.6) (0.3)

Qio 1.4 1.4 1.3

measurements, it is clear that it would be necessary to
postulate that indoklon both increased a and de-
creased its temperature-sensitivity for the model to
fit. Another possibility is that blocked channels may
revert to closed channels without passing through an
open conformation. However, this more complicated
model is difficult to test.

Endplate currents normally decay exponentially
with single time constant suggesting that the rate of
decay is determined by a single step reaction of the
first order with rate constant a. A change in a may
underlie the effects of all of the drugs tested. Al-
though this would not alone explain the biphasic
m.e.p.cs produced by indoklon, such a mechanism
could account for the changes in TD seen with the
other agents. The rate constant a can be expressed in
terms of entropy and enthalpy of activation (AS and
AH) according to:

a = - exp(AS/R).exp(- AH/RT)
h

(see, for example, Moore, 1972) where the quantity
AH may be assumed to be the same as the activation
energy. The effects of the drugs which change a may
be caused by changes in the entropy or enthalpy of
activation of the channel-closing reaction. For exam-
ple, the reduction in activation energy caused by
3M2B, amylobarbitone and bemegride could be due
to a decrease in AH i.e. a decrease in the height of the
energy barrier between open channels and a transi-
tion state. A decrease in AH would increase a, as was
seen with 3M2B and amylobarbitone. The decrease
in a caused by bemegride could be due to an added
effect of increasing AS.
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Figure 9 Arrhenius plots of TD 1in control solution
(-) and in the presence of 1 mm bemegride (U) in the
same cell. Each point represents the average tD from
15-20 normalized m.e.p.cs recorded at each tempera-
ture. The activation energies obtained from the linear
regression lines of best fit were 67.8 kJ/mol in control
solution and 54.3 kJ/mol in the presence of bemegride.
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