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Effects of 3.4-diaminopyridine on myoplasmic calcium and
phesphoinositide hydrolysis in frog sartorius muscle fibers'
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ABSTRACT
trodes,

Using Ca®'-selective microelec-
the effects of 3. 4-diaminopyridine
{DAPY on myoplasmic calcium ([Ca*™],) were
studied in frog satorius muscle fibers. DAP
induced an increase of [Ca’*], in a concentra-
tion-dependent manner. DAP 1 mmol-L~'in-
crcased the [Ca®" ]} from control 166441 nmol
‘L7 'to 416169 nmol*L™'{x=10). In the
ahsence of external calcium., DAP still en-
banced [Ca®*]. [Ca® ] of the fibers bathed
in Ca’~-free Ringer’s solution containing DAP
1 mmol+L™" was 152+ 43 nmol-L~', which
was significantly higher than 77435 nmol -L ™!
of [Ca** ], of the fibers in Ca®* -free Ringer’s
solution .  In addition . DAP promoted the
bhydrolysis of phosphoinositides . and DAP -
induced hydrolysis was more in the presence
of external calcium. It is suggested that,
through enhancing the hydrolysis of phospho-
inositides » DAP released Ca*t from intracellu-
lar Ca** store in frog sartorius muscle fibers.
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3 4-Diaminopyridine ({DAP), known as a
K™ channel blocker. produced asynchroncous
oscillations of myoplasmic calcium ¢[Ca?* ]
and contractures twitch muscle
fibers'''.  These effects of DAP appeared also
in Ca**-free medium, suggesting that DAP re-
leased Ca*t from intracellular Ca®** store by an
unclear mechanism'".

of frog

Inositol 1.4,5-trispho-
sphate. a product of phosphatidylinositol 4,5-
bisphosphate hydrolysis. has such a function
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in various cellst*~*. The present study aims

at exploring whether or not DAP, aside from
blocking some types of K* channels. can re-
Ca’* Ca’*
through enhancing the hydrolysis of phospho-

lease from intracellular store

inositides.

MATERIALS AND METHODS

Chemicals and preparations DAP was purchased
from Aldrich. and Calcium-cocktail for making Ca** -
selective microelectrodes was obrained from Fluka.
[*H ]Myo-inositol {specific activiey 518 TBq »mol™!)
was provided by Shanghai Instirute of Nuclear Re-
Dowex A{rl-
X8 (amon exchange resin) was purchased from Bio-

search, Chinese Academy of Sciences.

Rad. The composition of Ringer’ solution was Na(l
120, KCl 2. CaCl, 1.8, and HEPES 10 mmol-L*,
while Ca®*-free Ringer’s solurion consisted of Na(l
120, KCl 2, MgCl: 5, egtazic acid (EGTA) 1. and
HEPES 10 mmol-1L 7.

The solutions were titrated to pH 7.2.  The ex-
periments were performed on the isolated sarronus
muscles of Rana nigromacufuta at 15+1 C-

[Ca*' ], measurement Under a light microscope
(Opron, X100), a reference micruelectrode filled with
KC1 3 mol-L7! and a calibrated Ca’*-selective micro-
elecrrode were impaled into one fiber, and the poten-
rials of the microelectrodes were monirored by an elec-
trometer FD-223 (World Precision Instruments).  Af-
ter each insertion, the Ca’'-selective mcruelectrode
was calibrated again, and the value of [Ca®™ |, was read
from the calibrarion curve™!.

Measurement of phosphoinositides hydrolysis'®’
A pair of muscles was incubated in Ringer's solurion
containing ["H]Myo-inositol 0. 7 pmol -L.7! for 12 h,
and LiCl 2¢ mmol-1L"! was supplemented to rhe medi-
um in the last hour. After labeling. one preparation
was treated with Ringer’s solution containing DAP I
mmoi* L' for 30 min. and the other was bathed in
Ringer's solution as control. Then, the preparation
was immediately put onto a liquid N;-cooled copper
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plate . smashed and ground into fine powder mo liguid
M. Tnosito) phosphates were extracted with trichloro-
acetic actd .92 mol +1.7* and fractwmalized by amon

exchange chrumnatograghy. The column was eluted

with ammonium formate 1| mol « L7 -formie acd 0. L
mol *L. 7' to obrain the total inositol phosphates (1P .

which was counted by a liguid scintillatur.

RESULTS

Effect of DAP on [Ca®"]; [Ca' ] of the
fibers in Ringer's solution was first measured
as control, and then the effect of DAP on
[ Ca®*" ], was examined 15 min after adding
AP into the medium. The measarement
usually took 4—5 h. and no change of [Ca*™],
was noticed within the bathing time. [Ca®*]
increased with raising DAP concentration. and
reached a peak at DAP 1 mmol-L™'. [Ca®™* ]
declined with the further increase of DAP con-
centration {Fig 1.
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Fig 1. Effect of DAP on myoplasmic calcium of frog

sartorius mascle Fibers. 7 = 9 — 1 4Tibres. Y+ 5,
P05, P05, P<<0.01. and "P<0. Q1 vs

[Ca*' Jat DAP 0mmol « L~ 'jpeither [ Ca*™ ], 0mmol

L7 1) or 18 mmol-L ", vespectively.

To analyze the source of Ca** in DAP -
induced increase of [Ca®*" ], the effects of
DAP 1 mmol -L "' on the [Ca®* ], in the pres-
ence and absence of extermal caleium were
compared. In its presence, the [Ca®' ], in-
creased from 166 + 41 nmol »1.7! to 416 4 69
nmol « L7 Bathing the fibers in Ca*" {ree

Ringer’s solution itself reduced the [Ca® ], to

77+35 nmol-L™"'. DAP resulted al
crease of the [Ca** 7] in Ca®? -free m
the extent of the increase was abs
than that in the presence of exrer
(Fig 1.

A hyperpolarization of the re
brane potentials was noted in the fi
in DAP containing Ringers solut
did not produce such a hyperpol
Ca*t-free medium (Tab 1).

Tab 1. Effects of DAP on the resting &
tential (Em) in the presence and absens
calcium. %xs. “P>0.05 w5 Em at DAl
in the absence of exiernal calcium. 'P<C|
DAP 0 mmol-L™" in the presence of exte

[€Ca?r 1./ DAF/ Fiber ]
mmaol+lL7! mmol-L™'  number

o 4] 1% —

1 10 —

0 10 —

5.5 9 — 1

1-8 1 LI¥ —1

A 14 —1

Effects of DAP on hydrolysis
inositides
um . exposing the preparation to T
- L7 for 3 0 min increased the |
g-muscle > irom13692 4+ 18871017
(4 pairs of preparations). indicax

In the presence of ex

hydrolysis of phosphoinositides . w
by DAP.
g *» muscle ) increased from 1 37 8 8

16 44341 951 (4 pairs of preps

In Ca®** - free medium .

“such a treatment (Tab 2J.

DISCUSSION

Our results clearly indicated
could increase the [Ca’* ] and enh
drelysis of phosphoinositides in 1
Since DAP - induced o

myoplasmic Ca*" was monitored

muscle .
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Tab 2. Effect of DAP | mmol*L ™", 30 min’ on total
inositol phosphates (IP) in frog sartorius muscle in the
presence and absence of external calcium .
®+s. P<0.01 vs control ¢100 %y in [Ca*' 1. O
mmol -L™'. *P<0. 05 =s control (10D %) in [Ca** ],
1.8 mmol *L7".

n= 4.,

[Ca®t J.» 1P, dpm/g muscle Ratios .
mmol -1.7? Control DAP ¥

¥ 13 78811 855 16 443+1 851 12043

1.8 13 69241 887 17 59541 280 13045°
II'' , it is impossible o know the exact value

of [Ca** ], prior to this study. This is also the
first report on the effect of DAP on the hydrol-
ysis of pheosphoinositides in skeletal muscle.

Because the effects of DAP on the [Ca®*],
were still present in Ca’*-free medium, it is
implied that DAP could release Ca®t from in-
rracellular Ca®** store. At present. it can nort
be excluded that DAP might have a direct ef-
fect on intracellular Ca*™ store. But. accord-
ing to our results just mentioned and the well
known function of inositol 1, 4, 5-trispho-
phate"” , we prefer that DAP might release
Ca** from the intracellular Ca?* store through
enhancing the hydrolysis of phosphoinositides,
This proposal s also supported by the fact
that the removal of external calcium caused
parallel changes of phaosphoinositide hydrolysis
and [Ca’"]. We have not investigated how
the effect on phosphoincsitide hydrolysis de-
pends on the DAP concentration in skeletal
muscle, but the dose dependence has been ob-
served on the cultured neurons of embryo
chicken fore-brain. It was found that a maxi-
mum effect on the hydrelysis of phosphoinosi-
tides was also seen at DAP 1 mmol « .7 {un-
published data}. On rhe whole. it is suggest-
ed that there exists a causal relationship be-
tween the hydrolysis of phosphoinositides and
the increase of [Ca®t], brought by DAP.

As the Ca®'-dependent K+ channels are
presemt on the membrane of skeletal muscle

13§

fibers'”

[Ca**], would be enhanced to a certain level.

. a hyperpolarization can be expec..d if

In Ca’ -free medium DAP caused an increase
of [Ca®t]» but [Ca®"] in this case wus sull
slightly lower than [Ca** ], of the fibers in

Ringer’s solution. This may account for thar

the DAP-induced hyperpolarization was only
noticeable in the presence of external calcium.
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