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Depressive effects of proximal transection upon post-
tetanic potentiation in muscular potentials evoked by
single shocks to the rat sciatic nerve

Isao URAMOTO, Yumiko YOKKAICHI and Hiroya SUZUKI

Department of Physiology, Institute for Developmental Research, Aichi
Prefectural Colony, Kasugai, Aichi, Japan

IN THE EXPERIMENT TO BE REPORTED
HERE, post-tetanic potentiation (PTP) was
evaluated in terms of increased muscular
potentials (MPs) evoked by single shocks
to the rat sciatic nerve. It has been well
established that normal structure and func-
tion of the nerve terminals are neurotrophi-
cally regulated®?. Thus, it is of interest to
investigate effects of nerve transection upon
PTP observed in MPs. It was found that
tetanic stimulation produced less potentia-
tion than otherwise or depression when the
nerve had been transected proximally to the
stimulating site.

Rats of various ages (more than 16 days,
Sprague-Dawley strain) were wused. The
rats, weighing- 34-330 g, were anesthetized
with urethane (1g/kg, i. p.). MPs were
monopolarly recorded in a gastrocnemius
muscle with an electrode made of an
insulated steel wire (0.2 mm in diameter) in
reference to the contralateral gastrocnemius.
For stimulation, a sciatic nerve was hooked
near the entrance into the muscle upon a
pair of U-shaped, silber-wire electrodes
separated by about 2 mm. The shocks given
at 0.2-1.0 Hz (test shocks) were square
pulses of 0.03-0.05 msec in duration and of
various intensity. Tetanic stimulation was
delivered from the hooked electrodes at
100-500 Hz for 5-30 sec with the same
duration and intensity as for the test shocks.

MPs were amplified with two oscilloscopes
(RM-150 and VC-7 types, Nihon Kohden),
one for monitoring and another for recording.
Ten MPs were superimposed and photog-
raphed at various times before and after
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tetanic stimulation. Amplitude and peak
latencies of MPs were measured from the
superimposed MPs.

In response to test shocks, MPs were
evoked in the form of a biphasic wave with a
very high amplitude ; height from the nega-
tive to the positive peaks was in the range
of 23-37mV when the shocks were maximal
in intensity. With submaximal intensity, the

" mean. amplitude of MPs was decreased by

6-38 percent as compared to that with
maximal shocks. With appropriate sub-
maximal shocks, a temporal variation of
MPs was observed ; individual amplitudes of
MPs were more or less fluctuated. Following
tetanic stimulation, MPs were potentiated
and the variation of MPs was reduced. Peak
latencies were dependent upon the distance
between stimulating and recording sites.
Once the sites were fixed, there were few
changes in them, although they were some-
times shortened as potentiation of MPs
occurred. Specimen records obtained from
an adult rat were shown in Fig. 1A. The
MPs recorded before tetanic stimulation
(200 Hz for 10 sec) were taken as a
control. One can clearly observe a temporal
variation of MPs. Immediately after the
tetanic stimulation (A-0), not only individ-
ual amplitudes of MPs but also peak la-
tencies were changed during superimposing
period. After one min (A-1), MPs were a
little facilitated. The variation of MPs was
considerably reduced at this time, and it
was further diminished when MPs revealed
maximum potentiation 4 min after the
tetanus (A-4). Thereafter, individual MPs
began to fluctuate and the mean amplitude
of MPs declined gradually (A-9). Both the
amplitude and the variation of MPs were
completely recovered to the control level 30
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Post-tetanic potentiation (PTP) found in evoked muscular potentials (MPs)

to single shocks at the rat sciatic nerve. Data were obtained from a gastrocnemius
muscle A ; Specimen records. MPs were recorded before (control) and following tetanic
stimulation (200 Hz for 10 sec). Number above each record denotes time in minute after
the end of the tetanization. Zero { 0 ) means immediately after the tetanus. Negativity
is indicated by downward deflection and stimulation is synchronous with sweep onset
in these and subsequent figures. B : Time course of PTP. An increase or a decrease of
an amplitude of MPs was represented as percent of the control level (Ordinate).
Abscissa ; Time in minute after the tetanus. A datum obtained immediately after the
tetanus was shown by an arrow. Note that three different time units were used.

min after the end of the tetanization (A-30).
A time course of PTP was graphically
shown in Fig. 1B, in which data were
obtained from the superimposed MPs partly
illustrated in A. An increase or a decrease
in amplitude of MPs was represented as
percent of the control level. The time
course of PTP was of a similar pattern to
that reported in previous works!? .

It was notable in the present study that
potentiation of MPs was always preceded
by or associated with reduction in a
temporal variation of MPs. Thus, one could
say that PTP observed in MPs is char-
acterized by both increased potentials and
reduced temporal variation.

Using rats of various ages whose sciatic
nerve had been previously transected prox-
imally to the stimulating site, PTP was
studied. Data in Fig. 2A were obtained
from the same rat as in Fig. 1. The transec-
tion was made 30 min after the first tetanus
which had clearly produced PTP as shown

in Fig. 1. As soon as the nerve was cut, a
few MPs were highly facilitated. Fifteen
min later, shock intensity was adjusted so
that a mean amplitude of MPs was as large
as that in Fig. 1 (Control), and tetanic
stimulation (200 Hz for 10 sec) was delivered.
Maximal potentiation of MPs was seen 4
min after the tetanus (A-4), an increase of
MPs being only 4 percent of the control
level. Note that the maximal increase of
MPs in Fig. 1 was 13 percent 4 min after
the tetanic stimulation. Amplitudes of MPs
declined gradually and became as large as
the control level 15 min after the tetanus.
Thereafter, MPs were slightly supressed
(A-30). In the contralateral leg of the same
rat, a similar time course of PTP was
obtained and shown graphically in Fig. 2B
(circles) ; 4 min after tetanic stimulation
(200 Hz for 10 sec), an increase of MPs
reached maximum, which was 5 percent of
the control.

As compared - to pretetanic level, MPs
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Fig. 2. Effects of nerve transection upon

PTP. A : Specimen records were obtained from
the same rat as in Fig. 1. Note that a temporal
variation of MPs seen during pretetanic period
(Control) was diminished 4 min after tetanic
stimulation (A-4). B: A slight increase of MPs
or depression following tetanic stimulation
when the nerve had been previously cut. Data
were obtained from the contralateral leg of
the same rat as in A (circles, adult), 43-day-
old (squares) and 17-day-old rats (triangles).
Others are the same as in Fig. 1.

were depressed during all recording periods
in younger rats used in the present study
when transection had been previously made.
Time courses of PTP obtained from two
rats (17 and 43 days old) was also represent-
ed in Fig. 2B. In 16- and 44-day-old rats
with intact nerve, MPs were potentiated
after tetanic stimulation and maximal in-
creases of MPs were about 20 and 10
percent of the control level, respectively
(not illustrated).

It was remarkable that a temporal varia-
tion of MPs was nevertheless reduced after
tetanic stimulation in both adult and young
rats. As seen in Figs. 1A and 2 A, the varia-
tion was .diminished to the same extent
while much less potentiation was found
than otherwise when the nerve had been
previously cut. Little fluctuation of individ-
ual MPs was observed especially during 3-5
min after tetanic stimulation in 43-day-old
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rat although a temporal variation of MPs
was rarely seen even during pretetanic
period in 17-day-old rat.

It was found in the present study that
PTP was characterized by both increased
potentials and reduced temporal variation
of MPs. Various explanations for PTP have
been offered (for review Hughes"). As
discussed previously®, increased availabili-
ty of transmitter would be responsible for
PTP, although PTP would be at least partly
attributable to larger presynaptic spikes
resulted from post-tetanic hyperpolarization.
In fact, there was an electronmicroscopic
observation in the rat phrenic nerve-
diaphragm preparations® that synaptic
vesicle numbers in the region of nerve

* terminals were significantly greater and its

volume was more reduced in the tissue
taken 2 and 4 min after nerve stimulation
than in unstimulated preparations. The
observation seems to support the above
mentioned notion. Thus, increased release
of transmitter substance would be involved
in the present PTP. This junctional change
would result in recruitment of muscle fibers
lying in subliminal fringe, which would be
strongly suggested by the fact that a
temporal variation of MPs was always
reduced following tetanic stimulation.
However, we have to notice that times
needed for maximal potentiation and dura-
tion of PTP in the present study were
larger than those reported previously!*®,
We also observed in the cat’s visual cortex
that maximal potentiation was obtained
more promptly (unpublished observation).
At present, we have no idea to explain this
difference between the present and pre-
viously reported studies.

Depressive effects of proximal transection
upon PTP were found in the present study.
Since fluctuation of individual MPs was, if
any during pretetanic period, reduced fol-
lowing tetanic stimulation, one could say
that there was any counterbalance between
PTP and unknown factors which brought
out depressive effects upon MPs. Recently,
it has been found in the rat muscle that
pre- and postjunctional membrane prop-
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erties were neurotrophically regulated® ™1,
Deshpande et al.? suggest that a neuro-
trophic factor is responsible for the main-
tainance of normal membrane properties
necessary for optimal neuromuscular trans-
mission. Thus, further study will be needed
to clarify to what extent depressive effects
of proximal transection upon PTP in the
present study is attributable to socalled
neurotrophic control.

We thank Dr. S. Kiyono, Chief of the
Department, for preparing the manuscript.
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BERSTA vF o X — b L. K6 B W% 0.45um,
pore-size A V7 Vv VT7 4 V& — LRBEFABL
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¥, 3TCEO0CH v o <— +ETD uptake ©
#Z% % - T specific uptake & Uiz, (1) Km fifips
5H& 7 3 v L high affinity process & X b
uptake TR TB I EXRBEMLER -T2, @)=
HRFE=BREFH M H T, 27 3 vix
(3H)-NE uptake %, 3#7 3 vi% (*H)-5HT
uptake & Zz h Fh i ¥ Lic. (PH)-DA
uptake H LTIEHEEDOEIL LT, Q=8
REF=ERFRER LK T H7cdc, 3EDOT 3
v uptake X3 BEFMLY 3KILN 2 b VTR
LicBa, FoAmtcBbrtnEZRZRRDbh
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1. The bioelectric characteristics of
insect muscle fibers and some aspect of
comparative physiology

Borkowska, M. ], L &
Olszewska, E. (Dept. of Animal Physiol., Inst.

Janiszewski,

of Biol, N. Copernicus Univ. in Torun, Poland)

The resting and action potentials of neurons
and single muscle fibers were studied in 2
species of Gastropodes : Helix pomatia and
Planorbis corneus, and a few species of Insects.
The measurements of the bioelectric poten-
tials were made using conventional intracel-
lular microelectrode methods. The composition
of the physiological saline was always based
on the concentrations of ions in the hemolym-
standards,

ph which are, by vertebrate
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unusually bizarre. It seems on the basis of the
experiments on the ionic requirements for the
resting potential production that muscle fibers
of the majority of tested insects may be
classified as multiionic electrodes. The experi-
ments carried out on giant neurons of the
snails led to the conclusion that sodium is the
main jon participating in the origin of the
action potential in Planorbis corneus, while it
is not in Helix pomatia. The question of the
requirement of Ca ions as well as the inhibi-
ting action of Mg ions in the neuromuscular
transmission in insects/e. g. in the house
cricket and in the mealworm/remains still
open. In the studies of the mechanism of neuro-
muscular transmission in some insects the
influence of tubocurarine chloride, acetylcholi-
ne, glutamate and 5-hydroxytryptamine was
investigated. In the light of the obtained
results the problem of chemical transmission

in insects is still not settled in many cases.
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Seminars on “Blood gas, respiration and pulmonary
vascular function” Q1%

Ruhr K242 Hans Doeschcke ##5% &
California KZ0OIRIMEPFZERT 3 Bk B 2% John
Severinghaus #HFHHA T, LD F—%
EHIEF54EAR T, 8 oM AbLhbhOHE
DERER L VfTo1.

W, £E&MOETPHE L ) 4E, Kt
FHEO6HE, WREABREE X v £3FT,
T2 EEAF28ET H - . HEEIZHO0
ZD 7 m—X VPART, FEECLS SEORR
B, XL, v VT & 20~305D
general discussion D% 3 51, BokER
kv Yy i LY

EIF—IEEKRD6 DDy v g VEIODHERE
Thoto.

Session | Respiratory function of the blood

(3%)

Session ]| Regulation of respiration (])
Humoral effects on neural activ-
ities (6 FH)

Session JI Regulation of respiration ([)
Chemical control (6 £§)

Session [y Pulmonary circulation and vas-
cular function ( 6 §8)

Session V Gas exchange in the lung (4 {&)

Session V| Acid-base regulation (3 £H)

Review lecture ;

1. Loeschcke, H. H. & Ahmad, H. R.
Anion exchange between blood, extracel-
lular fluid of the brain and brain cells and
its consequences for the respiratory control
of acid-base balance.

2. Severinghaus, J. W., Crawford, R., Irsiglar,
G. & Stafford, M.
The role of the carotid bodies to respira-
tory regulation studied by altitude ac-

climatization, metabolic acidosis and

TRRERF RS HE
A H B T
denervation.

3. Severinghaus, J. W.
Hypoxic pulmonary edema ; Pathophysiol-
ogy and measurement.

FHEEL D ELDTERRHBIRAZH, B
AREITHOFECE TS up to date 7LH%E
BRI BRELN LD EETS.

Zhbo presentation D 5%, FEEDEMRAY
R TR OBRE - TEIRR & "R BET %
772 b BAROFEEE RN Licw

MEfw (CSF) iz, ThEEOWERILYaiE
EERE LD TEL, RBRENTO pH 3FEIC
BTV, in vivo TILESBRELCHSE
EREB R TV 5. Doescheke #ig1x, FD A 7
=X sD—D2& LT, CSF Pco, D L H w5
HCO,-Cl- Zea i O FFET 5 & &L 2B L.
ZOBRRIFMIKT I MBI T\ % chloride
shift MU THh-T, 7V 7HRE»ZOKREY
HoTwa D EHRIN. T b b, Peo,
DAL, 7Y 7THNE Y CIm L AhED
w3 % HCO;~ %2 CSF pH OET R < X 5
@<, oz &z, o FE T, pH, Pco,
Cl- fiEi D 3 >0 EMH b O REFFEE THEMD
bhtc. CSF pH OEFEMBI LT, Mm#K-CSF
Mo DC Bfr, B, 71z 3 v-7vE=T
BB, &b CSF HCO,~ v~ Lo active 73
Hite EBE L 0BRPBIET B Z LARBINT
&7z, Loeschcke HIFoRRIL, bz ofE
CRHLTHLWEERMRE ML b D LT 2 X
5. Severinghaus ##%%, = ® Loeschcke #
BOBRYZEBIC Ahs &, £k 001pH 23y
31/min DBMEHF FFA 7T B EIhTEL
CSF pH Oz LIS THRIMERTH 2 Lic
Teh LHER L.

Severinghaus ##H¥, MR OFEFINLE
RS CH HEER{E (carotid body, C. B.) @
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BENTONTH L\HER A R~z

CSF pH iL, K EHLDTRELIDDTHD
EERTELD, HELEREUBHEL, RE#ET ~
FevADLERETHE, RRTAIVHETH
5o &% R, CSF pH OB TH 1
sS4 7HERTSHE, ThbOBEIIHRLE
RERDDOKELFEMHE DD o T B EEF
BEhD. #£-T, ZhbOBEDOKRTHF VBRI
AHEEXTWBOR, FEOLRESEBETHAI L
HERMEhS. iy, FHoBE&TI%, C Bk
ROV EFEZT 2 TWBEHHZ L. chiE
HELT, FREZEBZONR T R R ¥ ORFE

= #®

1, BEEY TR/ T, —201/min frod
ZAHRDHDBDOTIRIR D LRI, Fie, HOD
endoarterectomy £k 5 WEETM OEEZ D Pa
co, A 6mmHg EH Lick w5 —s2xH L
T, RO, REET v F—v A THELRL
CSF pH 1% 0.021f e /e » T\ B Z &2 TFHIL
fo. FEXRFTHIVEINCIETT I W - SREIIRIERE
HoOBETIIL LTI OFRPRILT LHELKR
S BBRE b o T B LT

At I F—DARBCONTIL, ik TER LT
B 28%1% (BRGSELR) whRESELTH
TENBFETHS.

BFAEHBENHSBERELCOVT

1. BiE (BE1H, RBINS2E) OFEEOREX
DFHA

AMEOREOFEZRS>WTIL, FEREOH
~Fick b, XEEBRFENTOhELRL. Th
L, BERERGEPRIBZEHESH,HOBHA
B — FE2ERE SIS X 5BHED S - LD
Fix, $RCGIERE, FiEEAEEBREIhE
T, WHTEHH— FR2EBT3LERD
hERA.

ok, REIhTWE I~ FOREFHEHCERE
MhH-oTEE, T4, BEESORY © BHI
2V 5. BEEORAKSWT KL b T
BN BREEEZRBLTIAZZ W,

7, WEOBEIC BT SFBEUNOWIITH
PFATASEIOEHEZRD L 5> ET5HE, BHOL
HELETHLERDDE T »» b, BRRE20
TFEHIEMEER, T X b, BHERA»—F
Bz Rl T X

2. 5[E (5128, ABMNSSE) oFEX(CHEE
LB ELEFEINDIAA

(1) SPOBFCHRCHEE LD 2R
BINDT, R MMRBEMNESCMESIh? S
13, OREEEEA ) HAY « PRSI L
T TESA» —~ FAMERELHE) ORILGEK
W LELrD, R FIBOKE « HiF
BRI BIRIBOAEIC X - TEFA» — PR
BEHERLTL X,

ik, KRBT > THERSNIBEIEA»D
DFERIEFDLETTH D, K%« HREHESLE
ADOHEPLEBELTHRLAVK ST, Rk
BLTIEEW.

(2) FkFEELL S 2 L 2HEIhDH
T, K% < IREESTE L T 55K « 7F
THBES» IR U TBEA Y — PR kA
A T~ PR RE L LTREBREEHSh
Aol iE, BRELRXVEATEERY —
FRAMEZHERL T EEw,

3. BRI — FAKORFRUIRHEICOIT

B8R L~ FRIRIZ, kD ODRE FBEAY
~ FRIMREE R E A IR OXE « BIREMESI
HUT, —HELTENLET. 4, AATEX
DEEVE, B FHRkADTRENLET.

T DR, BL2HASERZHPER ICEHA
— FRABIREAOHBE 2BV LEST. BHEH
B~ PR EOEHEZ LA DKL, #EHH
EHO TEHAY - VEREORE,) 219854
I -7 5 X THALTLEX . (BHD LA,
feAdN, MTOHHIC X 2EEmE) OB It v
LD ERZMLNERALD, TEELTLEX
W) Eie, BEEA S — FIREOBEE, BREAO
HAZRFAL T LZE N,

BIR2WMABREDLDDEFM » — FOZAHY
RRVE, BAFNSS4E3 ASLE T, MB~ B
JOEFEHGIRE LT 2 X,
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