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Effect of Type C; Botulinum Toxin on Rat Neuromuscular Junction
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Department of Physical Therapy, School of Allied Health Professions, Sapporo Medical College
(Chief : Prof. S. Miyamoto)

Isao OoTA
Department of Physiology (Section 1), Sapporo Medical College
(Chief : Prof. H Yabu)

ABSTRACT The effect of type C; botulinum toxin (BoTx) on neuromuscular junctions was
investigated using tibial nerve-soleus muscle preparation of rats. Sublethal doses of purified type C,
BoTx were injected subcutaneously into the postero-lateral region of the right lower hind limb. At
1,3,5,7 and 10 days after the injection, the preparation was excised and analyzed in vitro for block-
ade of neuromuscular transmission. Analysis of alterations in miniature end-plate potentials (m. e.
p.p.s) and end-plate potentials (e.p.p.s) was also carried out using a preparation of 0.25 mouse
intraperitoneal LD;, at 1 day after injection, to avoid the complication of denervation-like effects.
The following results were obtained.

1. A dose-dependent blockade of neuromuscular transmission was induced by type C, BoTx. The
recovery from the blockade also showed a dose-dependency.

2. The mean quantal content, the amplitude of e. p. p. s, and the amplitude and frequency of fast m.
e.p.p.s in BoTx-poisoned preparations were significantly lower than those in unpoisoned con-
trols. In addition, failure of e. p. p. s was frequently observed in BoTx-poisoned preparations.

3. Type C, BoTx did not affect the shape of the amplitude histogram for fast m. e. p. p. s.

4. There were no significant differences between the amplitude and frequency of slow m.e.p.p.s in
BoTx-poisoned and unpoisoned preparations.

5. The acetylcholine sensitivity of postsynaptic membrane and the magnitude of resting membrane
potential of muscle fibers were uninfluenced by type C, BoTx.

From these results, we concluded that the blockade of neuromuscular transmission induced by
type C; BoTx was attributable to the inhibition of Ca**-sensitive quantal release from the motor

nerve terminals. (Received October 6, 1989 and accepted October 31, 1989)
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* FURER KRB BIEE  THIER

439



440 ¥ OAE-KA B

1 #&

[l

AV Y XAEHNELTSH5EE (Botulinum  toxin :
BoTx)wk, —iiz= v vIFEIE >+ 7 AIfER-T %98
BEELLTHBRTWETY. —7, BoTx Y, #FEH
DOfEZEY A B, C,C,, D,E, F, G 7 %l 8 ¥
CAEES T, BoTx 0 FhEhoMiz T, 1L
FEIREE L LRI e E 3R, B HETE W
CHEANKRBLHELMNCEhDDH 5.

HREMEAIRICN T 5 BoTx D&, A 20 %
U, BRI, DHEPY EFRW ROF Y crh%t
MW ERTW B, ChE TR 2hia i BoTx
L, EEAREER»LDOT7 2F 42 ) v (Acetyl-
choline: ACh) O HIHET B Z L1tk » T, Mk
REIEN L, BRGCHEERELRZ. TERY
7%‘-?— ;:) : & i);ﬂ DD ﬁ) k: § hvc \4 N Z) 5~9,12,13,15,17~19,21)‘

Feiz Simpson® 13, WEFLEIYOBEFRE fhE— BRI AL
A AT, EERBCT 2 EREEDCSTSC, 8
KOG, Bl BoTx ofgEama L, C BiiwkinissE
BT AERRET A0 LT, C, Bty
EEOBHIERAN o EXHE L5, Lrl, C
 BoTx i© & M EZEOMET N, ThE Tioiit
ThTw B0 o BoTx L EHEOEFCI VRS
HES ML, BEEFTHLMELIhTwiae.

KT, Cp B BoTx i X B MR Mmook
FEHELMTHEXERNEL, C B BoTx+E
7y LR LCRESEE— 7 A HERLTHCT,
TR R B0 ACh O I e o+ 7 2 D ACh
Bzt 5 C, B BoTx D& AT L.

2 MBRUBE

2.1 # #

KRR, HEORBT v b (V4 AX—R, KE:
200~250 g, 8~9BEDRER LA C, & BoTx %%
L5 F v —BRREEWR (pH 6.0, 0.25mD %5 »
DA TP RAMUEIOK i, EREET TR L.
&4« DRI H®IZ, <V e -1 (50 mg/kg body
weight) %7 » b OERENCERS L, KRBT CREEMH
F—e s APEAR (UT, B ZEHLL,

2.2 BBHICEORRER
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Fig. 1 The graphs illustrate the degree of neuromus-
cular block in the soleus muscles of rats that
received a subcutaneous injection of type C,
BoTx. The doses were 0.25LDs in A, 0.5
LDy, in B and 1.0LDs, in C. Each point is the
mean=xS. E. of mean and is expressed as a
percentage of the value obtained from follow-
ing the formula; 1-(indirectly stimulated
twitch tension),(directly stimulated twitch
tension). The number of experiments perfor-
med is given at each point.

Fig.liwr$+ X 51z, C, & BoTx Iz & % WL,
BoTx DEEFEHWEEEL, LrbEIHELE —
7, BEMECIZEEE»SELSBET S I L0RD
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0.25 LD, BoTx # 5B 1c 1 5 W1L, BE5#1
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SHETETL.145.9% (n=4) T, BKHEXRLI.
Z0t%, BETOBE R, BRECEmERL, 5HET
55.2+2.3% (n=3), THHT22.5+1.7% (n=3) T
Hote, 10 BHCRTHERE 16.4+7.0% (n=3)
&S, pinh oBE RS Bhi-(Fig.1A). 0.5
LD BoTx # 58 T, 1A B oERIE, T Tk
T7.9%17.2%(n=DEL, 3AEMSTHEETISY
P B B AR b, 10 B ek 5N,



442 %
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Fig. 2 The effects of type C, BoTx on e p.ps.
Individual (top) and average (bottom) e.p.
p.s recorded from unpoisoned(A) and
BoTx-poisoned(B) soleus muscle of rats.
The poisoned muscle was obtained from the
rat at one day after injection of 0.25LD;,
type C, BoTx. The nerve was stimulated 50
times at 0.5Hz, the artifact being in each
instance followed by e.p.p.s. There was no
failure of e.p.p.s in A, but 29 failures of e.
p. p. s were observed in B. MgCl, (9 mM) and
neostigmine bromide (10-°M) was present in
the solution during recording.

FHELI-BxcDepp ZEREXLLLOTHY, T
B, FnbdREHLI-b0THS. Fig. 2 hHEH B
ek 5, WNBRATRTTORBITKILL T e. p. p.
BEEL D, BoTx #E5FTCRRAIBICIGE L V-5
&, %D e.p. p. & failure BFEDH Lt

Table 1 IZR$X 512, e. p.p. DIEIEE, MNBEETIX

Table 1 Effects of type C, BoTx on various parameters of vat soleus muscles.

Control BoTx-poisoned

(mean=*S.E.) (mean=*S. E.) P
Muscle wet weight (mg)* 114.83+ 6.75 127.60£11.50 —
Resting membrane potential (mV) —70.01£ 0.60 —71.29% 1.22 —
Mean quantal content 7.77+ 1.06 1.79% 0.48 <0.001
Amplitude of e.p.p.s (mV) 3.51+ 0.32 0.53% 0.16 <0.001
Time to peak of e.p.p.s (msec) 2.16%+ 0.06 1.90% 0.18 —
Half decay time of e.p. p.s (msec) 4.38% 0.09 3.99x 0.16 —
Frequency of fast m.e.p.p.s (Hz) 2.06% 0.14 0.32+ 0.09 <0.001
Amplitude of fast m.e.p.p.s (m_V) 0.49% 0.03 0.35+ 0.02 <0.01
Frequency of slow m.e.p.p.s (Hz) 0.05% 0.01 0.04% 0.01 —
Amplitude of slow m.e.p.p.s (mV) 0.87+ 0.07 0.68 0.08 —
ACh sensitivity (¢ V/nC)** 802.22+51.43 651.11£73.41 .=

Control: 6 muscles, 32 fibers; BoTx-poisoned: 5 muscles, 27 fibers.

* . Control :
** - Control :

6 muscles, BoTx-poisoned: 5 muscles.
3 muscles, 3 fibers; BoTx-poisoned: 4 muscles, 4 fibers.

Poisoned muscles were obtained from rats at one day after injection of 0.25LD;, type C, BoTx.
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3.51%20.32mV (n=32#R# 76 &) Th-i 2,
BoTx B#5#EC120.53+0.16 mV(n=27/5) TH DY,
FBEICLENTHEE (<0.00D) RETARE D LR,
E. p.p. © time to peak XU half decay time %, x¢
JREETTRF1 2.16+0.06 msec(#=32/6) L1 4.38+
0.09msecTH b, BoTx#HEBHTITNLFN1.90+
0.18 msec (%=27/5) X0 3.99+0.16 msec TH - 7.
E.p.p. ® time to peak & U half decay time i %,
MEOMIEEEENRD b d o T,

SEEE (mean quantal content, m) V¥, SHFREE
TT7.77421.06(n=32/6)TH - TcDizxt L, BoTx #
EBTI121.7910.48(n=27/5)TC, BoTx #5H
WTHERET (<0.001) #RL%i (Tablel).

fe¥s, BIEEEAY, SEBEXCBoTx #5#HTE
nERNR—70.01%0.60mV (n=32/6) } O*—T71.29+
1.22mV (n=27/5) TH », BEOBMICEEEZIRD
Bhindr otz (Table D.

322 M.e.p.p. 2T 3 C, B BoTx NEE

M. e. p.p. iZi%, time to peak DK Xk v, fast-
rising m. e. p. p. (fast m. e. p. p.) X V' slow-rising m.
e.p.p. (slow m.e.p.p.) NEETHZ EHRHMLAT
WA E - Kim ef alP X, ROFEECLY,
m.e. p.p. % fast m.e. p.p. X ¥'slow m. e. p.p. I
FLT3., Thbb, EFRIRISWT, EBELes
m. e.p.p. D time to peak OFHED 25 L hE %
D% fast m.e.p.p. &L, TNRLIHIRVHDE slow m.
e.p.p. LT3, 7¢ks, fast m.e. p.p. D time to
peak if, e.p.p. DEFNIELT B LHMbR Ty
Z)IS).

Fig. 3 kX BEIc 1} 5 m. e. p. p. D time to peak
OHHEET BREMNER L. ZoERIE TS e.

50
40
kL)

20

No. of observations

0 } + ¥ ol ~
0 1 2 3 & ] 6 1 8 g
Time to peak (msec)

Fig. 3 A representative histogram for time to peak
of m.e.p.p.s recorded from unpoisoned
soleus muscle of rat.
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p.p. D time to peak DFHMEIL, 2.11+0.04 msec T
Hote. Fig 3nbBLaL 5Kk, KIS O m. e p.
p. 1%, e p.p. D time to peak OFIGE & LITIZFEY
FEROGAMER UL, X b EHBMCEL time to
peak ¥ RFTAEO m.e. p. p. WEE L. AEERTIL,
m. e.p.p. D time to peak 7 e. p.p. D time to peak
D2fEXVE- D% fast me.p.p. &L, ThID
B b D% slow m.e. p.p. & L7

Table 1 g X 5, KEEFEED fast m. e. p. p. DF
EHE X 2.0680.14Hz (=32/6) T H -7,
BoTx #4583, 0.324£0.09 Hz (#=27/5) ©, &
BRET (1<0.001) #RL7 Fik, WBHCRT
% fast m. e. p. p. DIRMEIL, 0.49+0.03mV (2=32/
6) THY, BoTx BEFED L, 0.35£0.02mV
(n=27/5) T, BERLET (<0.0D) »HEDLRI.
LasL, fast m.e.p. p. DIEEWE, Fig. 4iwrnd Lo
XHRHE, BoTxHEHE L BEHEROFHERL,
ZRhn04ArE, Kolmogorov—Smirnov OEIZL D,
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Fig. 4 Histograms for amplitude of fast m.e.p.p.s
“-recorded from unpoisoned(A) and one day
Bdeg‘poisoned(B) soleus muscles. The dose
of type C, BoTx was 0.25LDs,. Note that
the toxin did not change the amplitude distri-
bution of m.e.p.p.s (Kolmogorov-Smirnov

test).
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0.01Hz), MEOMIAERE R ¥, EIR
LPHEEBCTHEREE N o CHRREE, 0.8710.07
mV, BoTx #-5%8;0.68+0.08mV). Fig.5 kK&
X 5z, slow me.p.p. DIEME I, WRHET
0.20~1.30mV, BoTx # & # < 0.25~1.75mV T
Bh, FOeAb ST AL, BRELCHRD DIERD
L.

3:2:3 L FTREEND ACh BREICHTSC B
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Fig. 5 Distribution of slow m.e.p.p.s amplitude:
control(A) and at one day after injection of
type C; BoTx(B). The dose of BoTx was

0.25LDs,.
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Fig. 6 ACh potentials recorded from control(A) and
at one day after injection of type C, BoTx
(B). The dose of BoTx was 0.25LDs,.

HLIREEE

Richz bz tick v #E4ET5 ACh B35 C, 1
BoTx nEErHR L. TOFBTIE PSSt
2F 73 v A07°M) EIL B A Iz,

FBEER U BoTx #5550 ACh Birof
Gl % Fig. 6 iwm L7z, AChEA D IRIE, time to
peak B Ut half decay time %, XBF KX U BoTx #
EEORICABEN T, v F 7 ABED ACh &
FHE RBEROBTIxHESEHET Thih
802.22451.43 £ V/nC (n=3/3) K0V 651.11+73.41
£V/nC (n=4/4 THhH v, BEOHCEREEZELRD L
nicds oz (Table 1).

4 = =®

SEEIEREEK L S0 ACh D, @ Catt @&z
M E2RTEBEMNKE (Catt sensitive quantal
release), @ Ca™ IZR&SZ %R & feWFER BRI UK
(Ca** insensitive non-quantal release), @ ACh %
F-o¥RH (molecular leakage of ACh) @ 3 iz sit
Sh, O, fastm.e.p.p. BEe. p.p. DR, @
13, slow m.e.p.p. DR, QDITERMOFFRA L
oz ZhBE5 35 & Bn—RICFED BT
32, ZhETIENE L BoTx ik, OxHE+2
DERLT, @TTETH LML T, Tk
b, BoTx 3, FHHEE, e p.p OREK U fast
m. e. p. p @ﬁg & yj‘—z‘mg %ﬁ D (A 9:F|LJ‘5~8,12~15,17,20) : B
g2 o D 2L E &P F ), e p.p. I failure %
i (¥ (A LF!4~9,11~16) B ij—QlZ) D ﬂ“) ' E zF‘gl?» ' F
M), fast m.e.p.p. DWIEDO & A b 7' 7 258K
I B IEIRIEFNI AR - 722 (skew shape) K 2% & &
;}’L’CL‘Z) (A ﬂs—-s,u,u,w) D ﬂ“)). —‘jfi, BoTx @;,
slow m.e.p.p. DEE LIRIEXET LI T3 (A
Fs121527 1 B D), F7z, ACh o FORHEZ 2T
3, ABE BoTx itk hEEBEIhich &5 |d' Ll
HERD ELIFESSO LBy, ZoMBL TR,
FRH— LR RNE ST R,

4-1 C, B BoTx iC & B A mEER O

C.flBoTx I3, 7 v rOREMHE—L S A HIERD
EHBNEREDCEEY S 27, HEBREEIOL
PEETOCCHEEFEE TS EAELMARE
hi-(Fig.1). o0&, C, B BoTx ARG omE
BWERTT AEREXE TS &5 Simpson?? D & —
BT5. %7, oG, Bl BoTx DEMERE, hE
T R T 20T D BoTx B+ 5 RBESE
& Ia % wCo %/ch (A ﬂ5~9,12,13,15,17~19) ' B EI:J‘IZ) ' D
iﬂj‘zl) : Eaz?’l:{lm sztlj‘lﬂ)‘
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C, BI BoTx ¥, Fi#HFEE, e p.p. DRIBEK O fast
mep.p DHEELEEYHBRCETEE, epp &
failure 4 U743, fast m.e. p.p. DIEBD exb 75
A DRI E R FFE & Tahr - 7 (Table 1, Figs. 2
and 4). ZhbHDE#EL, fast m. e p.p. DEEOL 2
b 75 A DOIRICET B BB AR TR, 4-25),
HFEHEHAN I TN BED BoTx DFHEE, e.p.p. &
Ut fast m.e. p.p. IR TAIFAICODLTOERERKE
]a*% fgﬁ ﬁ %)_J_:\‘ L f: (A 3::@]‘5~8,12~15,17,20) B EI:J.IZ) D
E!Zl) Eﬂlﬁ) : Fﬂl”)-

o X 5, Catt KRR EE R THRENBH I,
e.p.p. K0 fast m.e.p.p. DFREEHET B = L H—
BERDLRA TN, ZOBEEETSLLE, CR
BoTx % flioHio BoTx L FEIfkIC, Catt it irm
FTEEMRHEZNHT 22 2R LT3, S5,
ACh BfrizBi+ 5 #& (Table1, Fig.6) 225852
k5, C, 8 BoTx ik, v 77 REKED ACh B2
Mg rbrivC ERE A (Table). Lic
2o, C B BoTx T & 2R EOMNNIL, Zh
IR I il D BoTx & @ Catt 1Tk
FHEATRTREOEH T S R ik B LR
TE 5.

7535, BoTx 23 Ca™ WRE MR ENR AN
T3 285, BoTx R REORSGH I - T
Bz 5 Catt MALXIHT A L THBH EE 2 BRI,
Larl, Z0#E 2z, BoTx MR IEDBMERE
Pt Cat MAZTHGIL 7a\ & & 23 BT & fc3239
CErIvEEEN. B, Catt wEENERTER
BB BoTx i Xk » il S haFiconT, K
DX D IATREREABEINT WS, Tibd, BoTx I3,
@ Cat* itRRZ M 2R TR EMN K HERED Catt BZiE
ART X 5508019 QEL KA D Cat*-disposal
BELREIR KEAC BEO LR 25
29 QFEMEEEBErTOoObOBEES K
BHa8102052)  (DFEEHHBRICEE T RGN Y
BILZ B340 L5 4 TH B, Catt IEZHREY TR
TRENRBOIMHEIA Lo WFholFic & - Ui
EDDEONTIE, SEROWRILFH T hE s ik
[N
42 Fast m.e.p.p. IZXT 3 C, B BoTx DL

Bk X 5 12 BoTx %, fast m.e.p.p. DHEERN
REZE TR 1IN, EEOLR 75 A
B EER D DIERREMICR - e DM E 2 5 2 L2
LT B (A Fl-snies T Ry = et LT,
ARBRTHLLE 51, C, & BoTx i}, fast m.e.p.
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p. DHERCIREZE T ER2, LTOLALZ T4
DRI E R RIFE Ish - e (Tablel, Fig. 4).
Fast m.e.p.p. DIEEO L X + 7/ 7 2 DRIBIL
T, REBROC, B BoTx O & Lot o
BoTx D& & OENCHEN E U CEAE, BHLMNT
7eus. Bolt, Dolly ef al @ %, fast m.e. p.p. &4
ZARB BoTx 0FELHEL, A 27540BRE
EDTEBobhbh OB LRABLHBEREEREL T
W5, 20 Dolly DERERETHE, CANSS A
DR T % BoTx OF81%, 1 &b BoTx D
HOEZ XD DTN EIREIND.

M. e. p. p. DIEIEIL, BEEMED input resistance, #
EEHD 2 Y v=RT S5 —EiEE, oIS REED ACh
BeEE, RUEEDOKE X (quantal size) It X - TF
EIND I LB RIZE ST 5, Input resistance
L, BERMEOER L EERBRICBLZ LAMbLRT
}93, BoTx 54 1 HBIETH eI AMORBER
L, WBEOTHEFEREN - &(Table D
b, BREOERICIE LN EAVREBE NS,
LizhisT, fast m.e. p. p. DIRIBICK-35 input resis-
tance DEEE L, BATEBRLEZBNSD. 2 ) v=A
75— iEMY, SEER O BoTx #58iIc R4+ 2
FZIVTTHEIEILTCH BT, ZnoBEELBR
Ncxsn b, vF T ABED ACh BEHIE, &
btz ds o2 & (Fig. 6, Table D2, oA
& s, KAEX by, C M BoTx itk % fast m.e. p.
p. DIRMEOIHIEL, FEOARE ZOETERETSZ
LBEZLNS.

BoTx BHREBEOAE S RETIEHEFICOVTUL,
FRTSEBPEI TR, UL, RO LS Tk
HERRAR I TW5, Tibb, BoTx ik, O/NEA~
» ACh OFFIEAIHEI+ 551020 @/ g ACh %3
DETC U 872D, @ ACh ok Hiftr % ACh
ZRE SN E S H I 5 1202530 F e,
JeK m.e p.p. ik, NSRBI OFE (sub-mini-
ature end-plate potential ; sub-m. e. p. p.) DEHE
DRPIL CTHRBEEIND LWLV RETHLIDOTH S
E%E 2%, BoTx 13, @ sub-m.e. p.p. Dl o FHE
AT 2%, L5450 THS. BEOKE JTT
% BoTx DEEZBL T, I5IEMaBz e
THHS.
4+3 Slow m.e.p.p. 239 5 C, B BoTx NEE

Slow m. e. p. p. DIREIG & KT 5 BoTx DT
ERE, BoTx Ik 0 RS EEOEEI IR I1ZE, &
eRBIER T R E, BHIRRZ ENREIRT
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W5 (AFIZ  BHID), C, Bl BoTx®#5#%1HH
DR slow m.e. p. p. DEE L, NBHOLFNLE
BEpifeas -7 (Tablel)., Z oz, BoTx 0Eo
L5 X, BLARKORRAMOEZCI S EE
2 bh5ah, C HERK X 2 ENI EHEEREL TV
LERCOVTRETILENRDS 5.
44 ACh ZFNOBHIZXNT 3 C, B BoTx OFZE
C, B BoTx 1%, R*ARF/ IV Ta)VIZRTF—
EEE R TSIH L BRESH 1 HBOBERDRLE
ECEEY RIZE e »72(Table D). &b,
+ 7 A%ED ACh Btk d C, B BoTx i3, &%
L2 fep otz (Tablel)., ZmZ &, e p.p. D time
to peak F Ut half decay time 73C, B BoTx ic X v §
BEZT ol EnbbHFEIND. UEDdbh
bhoORErEET2L, C B BoTx ¥, ACho+0
WECH L CEERLRIEE R ERRBINAE,. &
OEEBELTIE, YEZ S Y VEETCHERL BoTx
BEROBIEERV AR T A LILD, SHICH
Wi b EEZ 5.

5 E b

R EERRTTS C, 8l BoTx 0E&%, Sv D
BEMRE— 5 A GEAYECUREL, UToRE
.

1. C, B BoTx i3, MEMEEICH L GEMERYHE
T5ZERTDLN. BEERE, C 8 BoTx
OEERECEREHES, LrbEIERLL %
7z, BoTx OEEIME T S ks S EES
B ERREDLR.

2. C,EBBoTx !}, FHEE, ep.p DIEERDV
fast m.e.p.p. DHE LREZFRCET XL, e
p. p. 1= failure & 3= £ 530.25 LDy, DHERE
E%1 P HoERTCHL I T

3. C,E BoTx %, fast m.e.p.p. DEWe A+ 75
2 DMRIZEE L RIT S e - Te.

4. Slow m.e.p.p. DIERMBRUCHEE L CC, T
BoTx 1%, BELRIZZ k-,

5. C,EIBoTx 1%, v F 7AEED ACh BZHR Y
M OB I EBEM R UL RITE o
7z,

EXb, C B BoTx ¥, EEMEERIEAL,
Ca** IKEZFH A RTRENREAIET 5 Licky,
MRS EE RN 5 C E AL ST,

BB zEht-, BEARBERO JREY L

A% KA B

FLIRER S

¥ & LB N E I BRI T
TS LET. SREL KRB s LA
Erps | R EERSBCERGCLET. JBE
B X E Lo | BEHE BAMIT O, K
wh, WD E CHERE D E L-HAEIREE A
IR, EEEREFEOEERRCER L ET.
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