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A COMPARISON OF THE FACILITATORY ACTIONS OF 4-AMINOPYRI-
DINE METHIODIDE AND 4-AMINOPYRIDINE ON NEUROMUSCULAR

TRANSMISSION

A.S. HORN*, J.J. LAMBERT & I.G. MARSHALL

Department of Physiology and Pharmacology, University of Strathclydej Glasgow,
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1 4-Aminopyridine methiodide (4-APMI), a quaternary analogue of aminopyridine (4-AP), was
tested for neuromuscular facilitatory actions on the chick biventer cervicis and frog sartorius nerve-
muscle preparations.
2 In the chick, 4-APMI (10' to 10-2 M) augmented indirectly elicited twitches and reversed
tubocurarine-induced neuromuscular block. Reversal of tubocurarine block was observed after treat-
ment of the muscle with an anticholinesterase. 4-APMI did not itself produce contracture but aug-
mented responses to added acetylcholine.
3 4-APMI (10' M) prolonged the time courses of endplate potentials (e.p.ps) and miniature end-
plate potentials (m.e.p.ps) in the frog.
4 4-APMI (10' M) increased e.p.p. quantal content. 4-AP was about 100 times more active than
4-APMI in increasing quantal content. Both compounds prolonged muscle action potentials at simi-
lar concentrations.
5 4-APMI (10' to 3 x 10-3 M) possessed anticholinesterase activity in homogenates of chick
biventer cervicis muscle.
6 It is concluded that 4-APMI increases evoked acetylcholine release and also possesses a weak
anticholinesterase action. The greater action of 4-AP on quantal content is probably due to an
intracellular action, possibly involving the release of calcium ions.

Introduction

In isolated skeletal muscle preparations, aminopyri-
dines increase twitch tension and reverse non-depo-
larizing neuromuscular blockade (Fastier & Mac-
Dowall, 1958; Lemeignan & Lechat, 1967; Sobek,
Lemeignan, Streichenberger, Benoist, Goguel &
Lechat, 1968; Foldes, Agoston, van der Pol, Amaki,
Nagashima & Crul, 1976; Bowman, Harvey & Mar-
shall, 1977; Harvey & Marshall, 1977a,b; Bowman,
Khan & Savage, 1977). 4-Aminopyridine has been
used clinically as a reversal agent for curare
(Stoyanov, Vulchev, Shturbova & Marinova, 1976)
and the compound is also effective in relieving neuro-
muscular block produced by botulinum toxin (Lundh,
Leander & Thesleff, 1977) and by some antibiotics
(Sobek et al., 1968; Singh, Marshall & Harvey,
1978a,b). Aminopyridines increase muscle contract-
ility, but their main effect is an enhancement of neuro-
muscular transmission (Lemeignan & Lechat, 1967;
Bowman et al., 1977a,b; Harvey & Marshall, 1977a).
The aminopyridines inhibit membrane potassium
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conductance (Pelhate & Pichon, 1974; Yeh, Oxford,
Wu & Narahashi, 1976a,b; Schauf, Colton, Colton
& Davis, 1976) and hence they prolong action poten-
tials both in nerve (Schauf et al., 1976; Ulbricht &
Wagner, 1976; Yeh et al., 1976a) and in muscle
(Molgo, Lemeignan & Lechat, 1975; Gillespie & Hut-
ter, 1975; Lundh et al., 1977). It has been proposed
that in nerve-muscle preparations prolongation of the
presynaptic spike allows a greater than normal level
of calcium influx into the nerve terminal and a sub-
sequent increase of acetylcholine release (Molgo et
al., 1975; Harvey & Marshall, 1977a). However, there
is evidence that aminopyridines may possess a further
mechanism of action causing release of calcium from
membrane or intracellular binding sites (Lundh et al.,
1977; Harvey & Marshall, 1977c).
We have now synthesized a new quaternary amino-

pyridine, 4-aminopyridine methiodide (Figure 1)
which would be expected to be less lipid soluble than
4-aminopyridine and hence would have mainly extra-
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Figure 1 Chemical formulae of (a) 4-aminopyridine
(4-AP) and (b) 4-aminopyridine methiodide (4-APMI).

cellular actions. The purpose of this study was to test
4-aminopyridine methiodide (4-APMI) on the same

test system as previously used for testing aminopyri-
dines (Bowman et al., 1977a) and diaminopyridines
(Harvey & Marshall, 1977a) and to compare the
effects of 4-APMI with 4-aminopyridine (4-AP) by the
use of intracellular recording techniques.

Methods

Chick biventer cervicis muscle preparation

Biventer cervicis muscles from chicks aged 1 to 6 days
were mounted in Krebs-Henseleit (1932) solution at
32°C and bubbled with 02 containing 5% CO2 (Gins-
borg & Warriner, 1960).

For nerve stimulation the nerve within the tendon
was stimulated at a frequency of 0.1 Hz via ring elec-
trodes with rectangular pulses of 0.2 ms duration, and
of strength greater than that required to elicit maxi-
mal twitches. For direct stimulation, neuromuscular
transmission was abolished by the postjunctionally-
active irreversible blocking agent, oa-bungarotoxin (1
gtg/ml). Ring electrodes were placed in contact with
the muscle which was stimulated at a frequency of
0.1 Hz with rectangular pulses of 1 ms duration and
of strength greater than that required to elicit maxi-
mal twitches.

In some experiments nerve stimulation was period-
ically stopped and acetylcholine (10'- M) or carba-
chol (2 x 10-' M) was added to the tissue bath. The
acetylcholine and carbachol were allowed to remain
in contact with the tissue for 30 s and 90 s respectively
before washout by overflow.

Frog sartorius muscle preparation

Frog (Rana pipiens) sartorius muscle-sciatic nerve

preparations were mounted in a Tris (tris-(hydroxy
methyl) aminomethane)-buffered Ringer solution (pH

7.3) at room temperature (18 to 20°C). The composi-
tion of the Tris-Ringer was (mM); NaCl 120, KCl
2.5, CaC12 1.8 and Tris 1, To record endplate poten-
tials, neuromuscular block was produced by reduc-
tion of the CaC12 concentration of the Tris-Ringer
to 0.9 mm and addition of 8 mm MgCI2 (magnesium
Tris-Ringer).

Resting membrane potentials, endplate potentials
(e.p.ps), miniature endplate potentials (m.e.p.ps) and
muscle action potentials were recorded intracellularly
with micropipettes filled with 2 M potassium acetate
and having resistances in the range 5 to 15 MQ. Sig-
nals were amplified by a WPI M4A preamplifier and
displayed simultaneously on Tektronix 5102 and 5103
oscilloscopes. Oscilloscope tracings were recorded
either on Polaroid film or on moving 35 mm film
by a Grass oscilloscope camera.

Endplate potentials were elicited by stimulation of
the sciatic nerve through bipolar platinum electrodes
with rectangular pulses of 0.05 ms duration and of
sufficient strength to produce a maximal response.
Quantal content determinations were made by the
ratio of e.p.p. to m.e.p.p. amplitudes (del Castillo &
Katz, 1954). One hundred to 150 e.p.ps and 50 to
100 m.e.p.ps were corrected to a standard membrane
potential of -80 mV (Katz & Thesleff, 1957) and
corrected for non-linear summation (Martin, 1955).

Directly elicited muscle action potentials were pro-
duced by stimulation of an individual muscle fibre
through a microelectrode inserted in the fibre ap-
proximately 1 to 1.5 mm from the recording electrode,
with rectangular pulses of 0.2 ms duration and of suf-
ficient strength to elicit an action potential.

Drugs were applied to the solution bathing the
entire muscle for action potential measurement. Dur-
ing e.p.p. and m.e.p.p. measurements drugs were mic-
roperfused on to the endplate region of individual
muscle fibres (Manthey, 1966; Johnson & Parsons,
1972). Microperfusion was achieved by rapidly lower-
ing a micropipette (approx. 100 ,um tip diameter) con-

taining the perfusing solution into the bathing
medium to a position about 0.1 mm above the
muscle fibre surface. The perfusion solution was deli-
vered by hydrostatic pressure from a 5 cm column
of solution.

Cholinesterase determination

Cholinesterase activity in the presence of 4-APMI and
edrophonium was determined by the colorimetric
method of Ellman, Courtney, Andres & Featherstone
(1961). The reaction vial contained 15.6 ml phosphate
buffer (0.1 M), 1.2 ml chick biventer cervicis muscle
homogenate (20 mg/ml), 300 iil 5,5'-dithiobis-(2-nitro-
benzoic acid) (0.01 M), 100 p1 acetylthiocholine (0.075
M) and was maintained at 32°C. Hydrolysis of acetyl-
thiocholine was shown to be linear with time and
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the hydrolysis values quoted were measured after 6
min incubation of substrate and homogenate.

Drugs

The drugs used were acetylcholine chloride, 4-amino-
pyridine, carbachol chloride, (+)-tubocurarine chlor-
ide, acetylthiocholine chloride, 5,5'-dithiobis-(2-
nitrobenzoic acid) (all Sigma), edrophonium chloride,
neostigmine methylsulphate (both Roche) and a-bun-
garotoxin (Boehringer).

1-Methyl-4-aminopyridinium iodide (4-APMI) was
prepared according to the method of Poziomek
(1963). After recrystallization twice from absolute eth-
anol it had a m.p. of 185 to 186°C; Poziomek reports
a value of 179 to 182°C whilst Batts & Spinner (1969)
obtained 188 to 188.5°C. The infra red spectrum was
consistent with the expected structure and the com-
pound was shown to be pure by differential scanning
calorimetry using a Du Pont 910 Differential Scan-
ning Calorimeter.

Statistics

All values quoted in the text, figures and tables rep-
resent the mean + s.e. mean of between 4 and 7 sep-
arate observations. When control and drug responses
were recorded from the same muscle fibre, differences
between means were analysed by paired Students'
t-test. The unpaired Students' t-test was used in the
analysis of the cholinesterase determination data.

Results

Chick biventer cervicis muscle preparation

a) Twitch augmentation and anti-curare action. 4-
AMPI (10-4 to 10-2 M) produced an augmentation
of indirectly elicited twitches whereas its effects on
directly elicited twitches were much less in magnitude
(Figure 2).

Neuromuscular block produced by (+)-tubocurar-
ine (6 x 10-6 M) was partially reversed (from 25%
to 60% control) by 10-4 M 4-APMI. 4-APMI (10- IM)
produced a complete reversal of the tubocurarine-
induced neuromuscular block in 10 to 15 min. Occa-
sionally, the reversal was followed by up to 15%
twitch augmentation in the continued presence of
tubocurarine.

In preparations treated with neostigmine (3 x
10-6 M) a concentration sufficient to reduce the
cholinesterase in the tissue to undetectable levels
(Lord, 1975), 4-APMI (10-3 M) produced only a par-
tial (75%) reversal of neuromuscular block induced
by (+)-tubocurarine (10-5 M) (Figure 3). In contrast
4-AP (10-4 M) and 3,4-diaminopyridine (10-4 M) pro-

duced complete reversal followed by twitch augmen-
tation in the continued presence of (+)-tubocurarine
(Figure 3). Neostigmine (1.5 x 106 M) and edro-
phonium (10'- M) produced no reversal of the tubo-
curarine-induced neuromuscular block after pretreat-
ment with neostigmine.
b) Effects of postjunctional sensitivity. At concen-
trations up to 10-2 M, 4-APMI produced no contrac-
ture of either indirectly or directly stimulated prep-
arations.
The effects of 10'- M 4-APMI, a concentration that

produced an approximately 120% increase in twitch
tension, produced a large increase (181 + 19%) in the
response to added acetylcholine whereas the response
to carbachol was slightly increased in one experiment
(20%) and slightly reduced (mean = 16%) in four
other experiments.
4-APMI (5 x 10- M) produced a parallel 1.2 log

unit shift to the left of the dose-response curve to
acetylcholine (Figure 4). The augmentation produced
by 4-APMI on responses to acetylcholine was rapidly
reversed by one 15 s washout of the drug from the
tissue bath.

a-Bungarotoxin (1 gig/ml) produced neuromuscular
block after pretreatment of tissues with, and in the
continued presence of 4-APMI (10-3 M). The
bungarotoxin block was not reversed by washing the
tissue at 5 min intervals for up to 1 hour.

Cholinesterase activity

The effects of 4-APMI were compared with those of
the anticholinesterase edrophonium on the cholines-
terase activity of chick biventer cervicis muscle homo-
genates. 4-APMI was approximately one thousand
times less active than edrophonium in inhibiting the
cholinesterase (Figure 5). 4-APMI (3 x 10-3 M) and
edrophonium (3 x 10-6 M) both produced approxi-
mately 45% inhibition of the enzyme activity.

Frog sartorius muscle preparation

Neither 4-APMI (10-5 to 1i-3 M) nor 4-AP (10-6
to 10' M) produced depolarization when microper-
fused directly onto the endplate regions of individual
muscle fibres.

In magnesium Tris-Ringer solutions, both 4-APMI
(10-4 M) (Figure 6 and Table 1) and 4-AP (10-6 M)
(Figure 7 and Table 1), produced an increase in e.p.p.
amplitude. 4-APMI caused a simultaneous increase
in m.e.p.p. amplitude, but 4-AP had no effect on
m.e.p.p. amplitude. The rise time and duration of
e.p.ps was unaffected by 4-AP (Table 1), but 4-APMI
increased the time course of both e.p.ps and m.e.p.ps
(Tables 1 and 2), suggesting an inhibitory action of
4-APMI on acetylcholinesterase. In addition to this
action, both 4-APMI (10-4 M) and 4-AP (10-6 M)
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Figure 2 Chick biventer cervicis nerve-muscle preparations. Effects of 4-aminopyridine methiodide (4-APMI)
on directly and indirectly elicited twitches. (a) Shows the effects of 4-APMI (10 2 M) on two preparations,
(i) stimulated directly in a solution containing x-bungarotoxin (1 pg/ml) and (ii) stimulated indirectly. (b) Shows
concentration-effect curves for 4-APMI in augmenting directly (e) and indirectly (A) stimulated preparations.
The effects of 4-aminopyridine on indirectly elicited twitches (from Bowman, Harvey & Marshall, 1977) are

also shown for comparison (+). All points represent the mean; vertical bars show s.e. mean except where smaller
than the symbols.
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Figure 3 Chick biventer cervicis muscle preparations. Both preparations were treated with a large concentration
(10-5 M) of tubocurarine (Tc) followed by neostigmine (3 x o-O6 M) at Neo. A subsequent challenge with neostig-
mine produced no further relief of the neuromuscular block. In (a) 4-aminopyridine methiodide (4-APMI, 10- M)

produced a partial recovery of twitch height whereas in (b) 4-aminopyridine (4-AP. 10-4 M) produced complete
recovery.
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Figure 4 Chick biventer cervicis preparations. In (a) the preparation was stimulated indirectly and acetylcholine
(ACh, 10'- M) and carbachol (CCh, 2 x 1O-' M) were added to the tissue bath. In the continued presence
of 4-aminopyridine methiodide (4-APMI) responses to carbachol are little changed but those to acetylcholine
are greatly augmented. (b) Shows concentration-effect curves for acetylcholine in the absence (0) and presence
(A) of 4-APMI (5 x 10' M). Vertical bars show s.e. means except where these are smaller than the symbols.
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Figure 5 A comparison of the effects of
dine methiodide (4-APMI, lo-4 to 3 x

edrophonium (10-7 to 3 x 10-6 M) on c

activity of chick biventer cervicis muscle I
* Significantly different (P < 0.05) from ci

r* caused an increase in e.p.p. quantal content. This was
assessed by the direct method of e.p.p./m.e.p.p. ratio

(Table 1) and confirmed by a reduction in the number
of failures.
Both 4-AP (10-6 M) and 4-APMI (10'- M) pro-

duced a slight increase in m.e.p.p. frequency (Table 1)
in magnesium Tris-Ringer. In normal Tris-Ringer
4-APMI (10-4 M) had no marked effects on m.e.p.p.
frequency (Table 2) but occasionally giant m.e.p.ps
were observed.

Repetitive e.p.ps in response to single shock nerve

i,gs stimulation were occasionally observed in the pres-

x x ence of either 4-APMI (10'- M) or 4-AP (10-5 M).
m m

Both 4-APMI (10-4 to 1O' M) and 4-AP (10-4
Edrophonium to 10'3 M) prolonged the duration of directly stimu-

lated muscle action potentials (Figure 8). Prolonga-
4-aminopyri- tion of overshoot, as measured by the duration of
lo-3 M) and the action potential at the zero potential was usually
cholinesterase increased, but the effect of the drugs was more
homogenates. marked when the action potential duration was
ontrol. measured at -40 mV (Table 3).
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Figure 6 Frog sartorius muscle-sciatic nerve prep-
aration. Effects of 4-aminopyridine methiodide
(4-APMI) on endplate potentials (e.p.ps) and miniature
endplate potentials (m.e.p.ps). (a) Shows e.p.ps and (b)
m.e.p.ps before treatment with 4-APMI; (c) shows
e.p.ps and (d) m.e.p.ps after 20 min exposure to 4-APMI
(10-4 M).
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Figure 7 Frog sartorius muscle-sciatic nerve prep-
aration. Effects of 4-aminopyridine (4-AP, 10-6 M) on
e.p.ps and m.e.p.ps. Legend as for Figure 6.

Table 1 Effects of 4-aminopyridine methiodide (4-APMI) and 4-aminopyridine (4-AP) on endplate potentials
(e.p.ps), miniature endplate potentials (m.e.p.ps) and mean e.p.p. quantal content in magnesium-Tris solution

4-AP (1(-6 M)
Control Drug

m.e.p.p. frequency/s 1.03 + 0.17 2.71 + 1.09
m.e.p.p. amplitude (mV) 0.56 + 0.06 0.54 + 0.07
e.p.p. amplitude (mV) 1.13 + 0.08 3.43 + 0.36*
mean quantal content 2.11 + 0.29 6.52 + 0.9*
e.p.p. rise time (ms) 1.42 + 0.29 1.43 + 0.32
e.p.p. I decay

time (ms) 4.1 + 0.59 4.13 + 0.63

* Significantly different (P < 0.05) from control.

% increase

163
-4
204
209

1

4-APMI (I()- M)
Control Drug

1.58 + 0.34 3.16 + 0.65*
0.49 + 0.06 0.67 + 0.11*
0.89 + 0.53 2.18 + 0.93*
2.18 + 1.42 3.61 + 1.46*
1.51 + 0.19 2.63 + 0.26*

5.17 + 0.25 6.81 + 0.37*

a Control

J0rw-

b

_ K__--

% increase

100
37

145
65
74

32
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Discussion

The results show that like the aminopyridines and
diaminopyridines, 4-APMI possesses twitch facilita-
tory and anti-curare activity. The lack of appreciable
twitch augmenting action of 4-APMI in directly
stimulated chick biventer cervicis muscles shows that
the compound acts mainly on neuromuscular
transmission and that its direct effect on muscle con-
tractility is weak. Comparison of the activity of
4-APMI with those of 4-AP and 3,4-diaminopyridine,
previously shown to be the most active aminopyri-
dines on neuromuscular transmission (Bowman et al.,
1977a; Harvey & Marshall, 1977a) shows 4-APMI to
be approximately ten times less active than the other
two compounds in facilitating neuromuscular
transmission.
As 4-APMI is a quaternary compound, it might

be expected that it would possess postjunctional
agonist or antagonist activity at the neuromuscular
junction. However, concentrations as high as 10-2 M
produced no contracture of the chick biventer cervicis
muscle and no depolarization was seen in the frog
sartorius muscle, indicating a lack of agonist action.
The compound did not reduce carbachol contractions
in the chick and did not reduce m.e.p.p. amplitude
in the frog, indicating a lack of postjunctional block-
ing activity. Additional evidence for 4-APMI not act-
ing directly on acetylcholine receptors was that the
compound did not protect the receptors against
a-bungarotoxin binding in the chick.
4-APMI greatly increased responses to acetylcho-

line in the chick, indicating a possible anticholinester-
ase action. Such an action is not seen with aminopyri-
dines or diaminopyridines (Bowman et al., 1977a;
Harvey & Marshall, 1977a). The anticholinesterase
action was rapid in onset and easily removed by
washing, indicating that the compound, like edro-
phonium, associates with and dissociates from the
acetylcholinesterase receptor molecule very quickly.
Like that of edrophonium, the structure of 4-APMI
would allow binding to the receptor at the anionic
site only. Carbamates such as physostigmine and
neostigmine bind at both anionic and esteratic sites

and the carbamylated esteratic site reactivates only
very slowly (Wilson & Bergmann, 1950; Wilson,
1951). When tested on the cholinesterase activity of
chick muscle homogenates, 4-APMI exhibited an
anticholinesterase activity 1,000 times weaker than
that of edrophonium.
The anticholinesterase action of 4-APMI also

explains the increase in m.e.p.p. amplitude and in the
rise times and times to half decay of both m.e.p.ps
and e.p.ps seen in the frog. Similar effects are
observed with other anticholinesterase agents (Eccles
& MacFarlane, 1949; Fatt & Katz, 1951).
Thus the anticholinesterase activity of 4-APMI

could explain the twitch augmenting and anti-curare
action of the compound. However, we have reason
to believe that the compound possesses a second
mechanism of action as 4-APMI can still partially
reverse the action of (+ )-tubocurarine in preparations
in which the acetylcholinesterase was inhibited. In
these preparations neostigmine and edrophonium
were completely inactive indicating that the cholines-
terase was completely inhibited. Studies of acetylcho-
line release in the frog indicate that 4-APMI produces
a small increase in quantal content and we believe
that this increase in acetylcholine release explains the
anti-curare action of 4-APMI seen in the absence of
functional cholinesterase. 4-APMI was much less
active than 4-AP in increasing quantal content and
this difference was reflected by the greater anti-curare
activity of 4-AP in the absence of cholinesterase. 4-AP
did not alter the time course of e.p.ps, confirming
its lack of anticholinesterase action.
On occasions, repetitive e.p.ps were observed in the

presence of either 4-APMI or 4-AP, presumably as
a result of repetitive nerve terminal activity in re-
sponse to single shock stimulation. Repetitive firing
has also been observed in the squid axon (Yeh et
al., 1976b) in the presence of aminopyridines and it
has been suggested that the compounds may increase
membrane excitability (Hue, Pelhate, Callec &
Chanelet, 1976; Leander, Arner & Johansson, 1977).
Our results suggest that prejunctional repetitive firing
may contribute to the action of the aminopyridines
at the neuromuscular junction. 4-AP and 4-APMI

Table 2 Effects of 4-aminopyridine methiodide (4-APMI) on miniature endplate potentials (m.e.p.ps) recorded
in normal Tris-Ringer solution

Control

Amplitude (mV)
Frequency/s
Rise time (ms)
decay time (ms)

0.76 + 0.08
1.79 + 0.52
1.15 + 0.03
4.44 + 0.47

4-APMI (1J 4 M)
Drug

0.98 + 0.14*
1.52 + 0.25
1.84 + 0.14*
6.4 + 0.52*

* Significantly different (P < 0.05) from control.

% increase

29
-15
60
44
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Figure 8 Frog sartorius muscle preparation. (a. b and c) Effects of 4-aminopyridine (4-AP, 10-4 and 10-' M)
and (d, e and f) 4-aminopyridinie methiodide (4-APMI, 10 4 and 10-' M) on intracellularly recorded directlv
elicited muscle action potentials. In each case the upper horizontal line corresponds to the zero potential of
the fihre.

prolonged muscle action potentials in the same con-
centration ranges, probably by an inhibitory action
on potassium conductance. Assuming a similar effect
occurs at nerve terminals, a prolongation of nerve
terminal action potentials and the consequent in-
creased influx of calcium probably accounts for the
whole of the effect of 4-APMI on quantal content.
However, 4-AP has a much more potent action on
quantal content and a release of calcium from mem-
brane or intracellular stores may also be involved.
It would be expected that 4-APMI, a poorly lipid

soluble quaternary compound, would have poor
access to such stores of calcium, whereas the lipid-
soluble 4-AP would have easy access. Thus we con-
clude that the difference in chemical structure deter-
mines the access to sites of action of the compounds
and that the observed differences in activity are due
to differences in membrane penetrating properties.

J.L. is supported by a Ministry of Defence grant. We are
grateful to Dr S. Agoston for assistance in organizing the
project.

Table 3 Effects of 4-aminopyridine methiodide (4-APMI) and 4-aminopyridine (4-AP) on muscle action potential
duration measured at 0 mV and -40) mV

() /i

Control
10 -4 M 4-APMI
10-- M 4-APMI
Control
10-4 M 4-AP
10- M 4-AP

1.06 + 0.07
1.60 + 0.03
1.5' + 0.15
1.50 + 0.04
1.65 + 0.03
2.74 + 0.38

Actioi potentiial durationt (in7s)
joinecaset' -4)4niV

51
43

10
83

1.70 + 0.07
2.58 + 0.07
3.03 + 0.20
2.73 + 0.18
3.18 + 0.21

> 10

c

d

"u,increase

52
78

16
>266

7
6
6
4
6
5

b
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