Neurol. Med. Nov. 2010 73 :473
Thalamic surgery
s N
N D'Stal
" appendicular |« . . Cerebral cortex. |« “ Thalamus’
i, musculature SRRV LR ERRER
\ . oo
i A);gfl):n%:gﬁgal ¢ Mesencephalic RN
LA" musculature_;; ) * iegmental field e

Pallidal surgery

1 KBEEEEE RO L U ANERBEERTET
GPir & D IR LM ICHRR ARSI L, KB E % A U Ol o LT BGRIE 0 E8) 2 38
THEEDI, TRARICPPNE ML & ¥ 2 BOFRNSEF L, AP TROER)P/NT ¥ 2
EHBLTwE. LA > T, bR COFMHNO T A b= 7 RBRFEM CHBETRETD 547,
EMEEOEBESHERT A =7 RERERTFHPHER S L.

Sha, g g% S BIrEEbLT
AR RISV R P =T 0% EGPIO
MEAgRERL, EECASWDERHEY X
» =7 ORFE T Bfocal hand dystonia (FHD) T
AR ERSME M7 (n. ventralis lateralis ; VL) Ol
BASHEICH B, BUKVLEEVo-complex (Voa+
Vop) L HIFEITH 5.

WM, BEFHTCEREBOVA T EHET
BRI HEETH B, Grenoble KFED N —
TORBETE, 120l0EFEYA =T EREK
#f L CHHER S EE % (n. ventralis intermedius |
Vim) {247 2 72 £ 25, DT 5HIcDA
HRTHY, FRGEREI R =7 IETICEBE
o HREFORBEFARLND b OOEEEIRIC
BT ol B bh ol 8N THAED, R
D L ALARRR G EH % v 7219764 D Cooper ®
WENCT TICERRIN TS, BIKR T (sub-
thalamic nucleus ;| STN) DDBSPE&FMET A b
ST LTERHTH - 7o b ) ERHREH
E.SR13%. STN-DBS#‘Parkinsony% (PD) (=44
THEFTHVAI=TRREL ) DI LOEFE
TITHETE B4, WEPRBRITZ L L, STN-
DBSO VA b = 7 IHEANDIGHICOW T ER
ThBERETHAH. UTF, YA =TT
N FAR OB D ER TH HGPrDBS & Hls
WERT 5.

GPi-DBSOHRIBERAL 35 £ U Hl M
GPLUCIXDBS I U /- se i A 3 245,
ZHNEPDIEHRTHRANICRMENZEDTH S (K
2). PDESITCIZ(E 2-4), HERIOMECRE
i (rigidity) OFEBHLYEB L VR FAFREI A
FAYTOZEIMFBRLNDA, LEFRD
#3) (akinesia) ITATT AR IEIHES NBERE
B BEPIREE TR B & s, —7F, ETEHERe
g CiR A T ESH O EENREL VAF A
VT DERPALNDL EREEINTNEY, 5
BERIA TR0 T 4 TOIA =TI

Bl BV TEE LBBRE LTna (| 2-4).
2F Y, BEMROHMBTEIA = TERD
KEE ALY, WEHSOFETIIAIZYZ b
ST OMEBLUERESTERETLIAR
AV TOBERNHELN, LidioT, YA
=T HECIE R IOER LB EAm oS
bo LAWRMTHBLELLONS,
DBSO#R % +51218 5 202k LR OB
HEEMCBBEFEETAI L RHBARTH LI,
FOBOFHELERE D COTPHFRLERNED
Bxrbo.

RIBLAE B UMy e fadth & Eid e
P, ThETHOREEDRLLILOEROER
Tewnl, —RHEEHE - SHEBEIAIZT

— 197 —



731474

'+ *Worsens akinesia and

WENE £73% 55

Parkinsen disease Dystonia
¢ Anti-Parkinson effect + Dystonia aggravation

+ Dyskinesia induction # Dyskinesia induction

+Improving rigidity
+ Dyskinesia suppression

+ Dystonia suppression

blocks levodopa benefit
for bradykinesia and gait

—— Opic tract

B2 GPi-DBSICRIE T 3 GPIOREENHE
PDCI B HIE o) B C M (rigidity) 0B 4Bk & LR FABREY RS
F YT OTEIMENBS B, LFE FAOES (akinesta) 108 23R HE
SHEZRFWHAEENINEBICNS L SR, -, WOt 7R
DTFEEDRBE VAX RV TOFHFALNL EREIRTWE, YA 27T
i, BIEMSOMBTCIIVA o 7ERONEZ ALY, WIEMHORNE Y
KA =T OBEB L UEEER 2 B ETAVAF AV TOBENHOND.

Tt 12 HOBEE B BiEro, MEUEE
130~ 185Hz, B£ 0.8~ 3.8V, Fl#HE120~
450usecD HORHA B LR TS, —FT
MeigefEfREECIE, 60~145Hz HURAG A EH
B, 1.0~5.2V, 120~450usec TR I 13 FUAEH] 8
YA SR 3.

TRV A =T bR LEAHEENTH
% Z &A%\ )S, pantothenate kinase-associated
neurodegeneration (PKAN) 12483 % h 25 gk
LR MR B (neurodegeneration with
. . brain iron accumulation : NBIA) i£60~215Hz,
1.0~50VE L D EFE, SEEVFHEwORES
EbdN, VA T-EET T b — PRI
60~ 150usec X BRI & hAhs <, WEEE
I130HzZS R s LT\ 3.,

ESASEICH L TRt oREEEBN L
LR EREIThbI T w5, Moro b D
Btk b, 60HzE R HEEEHH L HEE
PHEROWEE L AFELREENS D, 130HzOHIHE
BhokdIWHEE L5 LD, FHEL
T TLHEELRUERE LN h o0,

TRTDIALTOTVAPZTICBOTNES
ZETHHED, BRI o TEIR F=THER
D MEE R B A SN BT H L0
TEBELETS. HERERREROVA =T
RIS PE Hh, BB L DX Ao RiE

AFIELZVWEECRET S, HeoEflcs
DRSO F LIZLBRLETH B4, EE
I3 % i & U7 BURBIE, 130Hz, 210usec,
2.0~3.0VIZEH D - & DB R ORI
H L,

— KSR T

1, —RIEREME - PEETR =T

DYTIBETFRECESVA P TERENC
GPi-DBSOERIMAR SN —RIkEHED A b
ST THYW, FORBLEEZLNTYS,
Vidailhet 5 1%, 22ADDYT1:2 &L —kEE 5
JA P TIGPIDBSE AT L, 1FEBIC,
Burke-Fahn-Marsden Dystonia Scale (BFMDRS)
DMovement Score (MS), Disability Score (DS)
WENRENAH D55%, H4%DUBFLRTH o/
LEE LAY, BAEICIERupschbic & Y, DYT1
rEL-REEHYE - FEEY R =TT
BHGPIDBSD T v ¥ MMUBEROHEN L &N, v
2 FU R L O A B IR E AT
b b N & 6 {ZVidailhetS (X, EEROIEH]
Br 3510BM L, EEEREERE 1 ERIC
51%T&H - 707, 3FERICII58% ECER LS
EERLY, GPiDBSO—XEE&HME - St
AT T AEMEITIBEL SN, F
7z, MBIOERB L THhHBEFRFRL CHLE

— 198 —



Neurol. Med. Nov. 2010

FowLEbdH e, REFFRLBIFEELONS.

2. MeigefE &

MeigesEfeBE i MEIE OB SN E 2K ET 25
PALZTEEIBRTWEY, 1 HIHENET
H 55, 6 PlOMeigefEERHITN L TGPIDBSH®
B Eb 60 HEICHIZY70% L EofEiRe
FELLLALWIHIHEDH LY. bhvbho
HERTI, BREIECO Y H0LsRrEEk
LTWABEND H D, MeigefEERHS 21 X
ABERSN L EORENWIRICEREOEAE
MIGPiDBSD X \WiBiis & E 2 T b,

3. EEHE

EEMEIEEOBV—RKERITY X =
FTO—D2THY, 14%dORENRY ) X A%
RN 2959, Kraussbid, 6 7 B
OFFBEIEECGPIDBSAT 3 Al oS IIH L
TModified Toronto Western Spasmodic Torticol-
lis Rating Scale (TWSTRS) D50% B 0HE* b
b LizZ e kHE LD, 208, FRWCH
RROMERYE 2R LRGP 2 S h 2, T
31.9% Hizb7: ) GPiDBSH D 10BI 0%
BB, 50% % B2 A5 TWSTRSOWH %
Sz OFERPHungS I L YREAD, Bl
FHRICELTOHFS TS, L LERs,

EUMSEICEL T, E2FNEEET 5 MWHER

sl O A RIGPIDBS TH B TH 3 &L DS
bdH YR, FHOATHZTEOD, 5T
FHOEI P I VNBENTHLONS LR LK
HPLECH L.

Focal hand dystonia

FHDIXF - SO XEH - BT OBH %
HIFICER T2 —REVA M=TTHLD, X
FZEELEEDAVA P THERRT IS
simple writer’s cramp & I, MOBERFICD
RT3 L 9 127 % Lfocal dystonic writer’s
cramp, FERDFERHEL 2 5 & focal arm dystonia,
IR, %, EEL S, IO LESIAT
Niidsegmental dystonia & BATE (i U CEH
DEAL L T ({®,

FHD® 5 &, simple writer’s cramp, dystonic
writer’s cramp i23%F L T i Vo-complex DR PR R
BWHHENTHBEHFESINTVENY, /2, Vo-

731475

3 BT FZTICHT 3DBSORR
AN BROBEDOREERL TWAAA), W
HIGPIDBSIZ X v Filomikidsk®E L 22 (B).

complex & Vim® W J7 OFE AT 5 Fl Dwriter’s
cramptZxt U CHRMEZ R L L ORES H 55,
bbb ORMR T, 35447 L /-focal arm
dystoniat=Vo-complex & GPi®ODBSD VT h 28
SR TH o LIEPISFERL TB YD, SBRER
ENDY =7y b OREEAR O » % O FHER O
WTFNASEDBREOFEDICH LTL Y BEYTH
EHESKEREF LTV LESRD S,

ZRES X T

UDBSICIEPETH 5 2 E03% v, BEIRMTH
ZREVAPZTORTH, VA 7B
77 b — R PR E, NBIA® % &GP
DBSOSETOMREERTA, & ICHRMRED
FIERIC L W ET 5 BHEY A =7 EGPIDBS
I FIBL, FOMERIIS% B S (F3)2,
F iz, BERCBYZHMAHEE L EEED A
b= 7 THHDYTSIEN LT HGPIDBSATh i
TEBYH, BIFLRERFELILTHSYN, £/
L 1B ED LNV TCRELAOTRED A =
TAHF L CDBSAERI T o 2 & v I IRht%
BEETLHH, §BEI Vo LEDTREV A

— 199 —



73 476

FETHRLY) XCFHEISE 2B H, T, w0
THOKPS =5y VDI Bh, SHhB
BEDOEMR - MLV LETHS.

B bW

VA M T B BhERE R (DBS) i %
DR UTE R, VAP TIIEBOEEKE
CEATARBO—DTHLN, +OiHEEAEER
DRIMIERE LCRICZEh Ty, Bk
RUEFRRE S RIZCHEL B,

Z0 L P TDBSIEAR Y ) X AGHRBRE
FBEVA DS TIKT B ALEEETH B
EFRIC L B RIBEHRPF LN TV BIER
HEE—HTHL. LDELOBEHFDBSOR
BN &) SHF LN =5 F O
%R, DBSOERERFOEHE &0 S bR HETE -
BRIAFEEING. CORPFTA =T E
JVAN=TIxT ADBSICHT 2 M\ D —Bh &
GIREFENTH 5.

X

1) Fahn S, Eldrige R. Definition of dystonia and clas-
sification of the dystonic states, Adv Neurol 1976 ;
14: 1-5.

2) Goto S, Lee LV, Munoz EL, et al. Functional anat-
omy of the basal ganglia in X-linked recessive dys-

~ tonia-parkinsonism. Ann Neurol 2005 ; 58 : 7-17.

* 3) Breakfield XO, Blood AJ, Li Y, et al. The pathophysi-
ological basis of dystonias, Nat Rev Neurosci 2008 ;
9:222-34,

4) Cooper IS. 20-year follow-up study on the neuro-
surgical treatment of dystonia musculorum defor-
mans. Adv Neurol 1976 ; 14 : 423-52,

5) Gallay MN, Jeanmonod D, Liu ], et al. Human
pallidothalamic and cerebellothalamic tracts : ana-
tomical basis for functional stereotactic neurosur-
gery. Brain Struct Funct 2008 ; 212 : 443-63.

6) Pahapill PA, Lozano AM. The pedunculopontine
nucleus and Parkinson’s disease, Brain 2000; 123 ;
1767-83.

7) Krack P, Vercueil .. Review of the functional surgi-
cal treatment of dystonia. Eur J Neurol 2001 ; 8 :
389-99.

MEAR B738 E5 5

8) Kumar R. Methods for programming and patient
management with deep brain stimulation of the glo-
bus pallidus for the treatment of advanced Parkin-
son’s disease and dystonia. Mov Disord 2002 ; 17
Suppl 3 : $198-8207.

9) Krack P, Pollak P, Limousin P, et al. Opposite mo-
tor effects of pallidal stimulation in Parkinson’s dis-
ease. Ann Neurol 1998 ; 43 : 18092,

10) Moro E, Piboolnurak P, Arenovich T, et al. Pallidal
stimulation in cervical dystonia : clinical improve-
ment of acute changes in stimulation parameters.
Eur J Neurol 2009 ; 16 : 506-12.

11) Coubes P, Roubertie A, Vayssiere N, et al, Treat-
ment of DYT-1generalised dystonia by stimulation
of the internal globus pallidus. Lancet 2000 ; 355 :
2220-1.

12) Vidailhet M, Vercueil L, Houeto JL, et al. Bilateral
deep-brain stimulation of the globus pallidus in pri-
mary generalized dystonia. N Engl J Med 2005 ;
352 : 459-67.

13) Kupsch A, Benecke R, Muller J, et al. Pallidal deep-
brain stimulation in primary generalized or segmen-
tal dystonia. N Engl ] Med 2006 ; 355 : 1978-90.

14) Vidailhet M, Vercueil L, Houeto JL, et al. Bilateral,
pallidal, deep-brain stimulation in primary general-
ized dystonia : a prospective 3-year follow-up study.
Lancet Neurol 2007 ; 6 : 223-9.

15) Cif L, Vasques X, Gonzales V, et al. Long-term fol-
low=up of DYT1 dystonia patients treated by deep
brain stimulation : an open-label study. Mov Disord
2010; 15: 289-99.

16) Tolosa ES, Klawans HL. Meiges disease : a clinical
form of facial convulsion, bilateral and medial. Arch
Neurol 1979 ; 36 : 635-7.

17} Ostrem JL, Marks WJ, Volz MM, et al. Pallidal deep
brain stimulation in patients with cranial-cervical
dystonia (Meige syndrome). Mov Disord 2007 ;22
1885-91.

18) Inoue N, Nagahiro S, Kaji R, et al. Long term sup-

’ pression of Meige syndrome after pallidal stimula-
tion. Mov Disord in press.

19) Jankovic J. Re-emergence of surgery for dystonia.
J Neurol Neurosurg Psychiatry 1998 ; 65 : 434.

— 200 —



Neurol, Med. Nov. 2010

20) Krauss JK, Pohle T, Weber S, et al. Bilateral stimu-
{ation of globus pallidus internus for treatment of
cervical dystonia. Lancet 1999 ; 354 : 837-8.

21) Hung SW, Hamani C, Lozano AM, et al. Long-term

outcome of bilateral pallidal deep brain stimulation
for primary cervical dystonia. Neurology 2007 ; 68 :
4579, '

22) Torres CV, Moro E, Dostrovsky JO, et al. Unilat-
eral pallidal deep brain stimulation in a patient with
cervical dystonia and tremor. J Neurosurg in press.

23) Sheehy MP, Marsden CD. Writer's cramp—a focal
dystonia. Brain 1982 ; 105 : 461-80,

24} Goto S, Tsuiki H, Soyama N, et al. Stereotactic se-
lective Vo-complex thalamotomy in a patient with
dystonic writer's cramp. Neurology 1997 ; 49 : 1173-
4.

25) Fukaya C, Katayama Y, Kano T, et al. Thalamic deep
brain stimulation for writer's cramp. J Neurosurg
2007 ;107 ;: 977-82.

26} Goto S, Shimazu H, Matsuzaki K, et al. Thalamic

*

73 1477

Vo-éomplex vs pallidal deep brain stimulation for
focal hand dystonia. Neurology 2008 ; 70 : 1500-1.

27) Krauss JK, Yianni J, Loher T}, et al. Deep brain
stimulation for dystonia. ] Clin Neurophysiol 2004 ;
21:1830.

28) Vidailhet M, Yelnik J, Lagrange C, et al. Bilateral
pallidal deep brain slimulation for the treatment of
patients with dystonia-choreoathetosis cerebral
palsy : a prospective pilot study. Lancet Neurol
2009 ; 8: 709-17,

29) Timmermann L, Pauls KAM, Wieland K, et al. Dys-
tonia in neurcdegeneration with brain iron accumu-
lation : outcome of bilateral pallidal stimulation.
Brain 2010 ; 133 : 701-12.

30) Sako W, Goto S, Shimazu H, et al. Bilateral deep
brain stimulation of the globus pallidus internus in
tardive dystonia. Mov Disord 2008 ; 23 : 1929-31.

31) Wadia PM, Lim SY, Lozano AM, et al. Bilateral pal-
lidal stimulation for X-linked dystonia parkinsonism.
Arch Neurol 2010 ; 67 : 1012-5.

*

— 201 —



Toxicon 55 (2010) 662-665

dwﬁ{;‘% bEas.
-1 SEVIER

Contents lists available at ScienceDirect
~ Toxicon

journal homepage: www.elsevier.com/locate/toxicon

Short communication

Quantification of potency of neutralizing antibodies to botulinum toxin
using compound muscle action potential (CMAP)

Yasushi Torii *P*, Motohide Takahashi¢, Setsuji Ishida €, Yoshitaka Goto?, Shinji Nakahira?,
Tetsuhiro Harakawa?, Ryuji Kaji¢, Shunji KozakiP, Akihiro Ginnaga?

2The Chemo-Sero-Therapeutic Research Institute (KAKETSUKEN), 1-6-1 Okubo, Kumamoto-shi, Kumamoto 860-8568, Japan
b Department of Veterinary Sciences, School of Life and Environmental Sciences, Osaka Prefecture University,

1-18 Rinku-oraikita, Izumisano-shi, Osaka 598-8531, Japan

€ Department of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases, 4-7-1 Gakuen,

Musashimurayama-shi, Tokyo 208-0011, Japan

dSchool of Medicine, The University of Tokushima Faculty of Medicine, 18-15 Kuramoto-cho, Tokushima-shi, Tokushima 770-8503, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 24 June 2009

Received in revised form

13 September 2009

Accepted 15 Septernber 2009
Available online 22 September 2009

Keywords:

Botulinum toxin

CMAP

Mouse neutralization test
ELISA

We evaluated a method for quantifying botulinum toxin-neutralizing antibodies which
utilizes the CMAP. This method can be used just one day after administration, and the
detection sensitivity was higher than that of the mouse neutralization test. The CMAP
neutralization test detected neutralizing antibodies in patients who were resistant to
treatment with the botulinum LL toxin. These results indicate that the CMAP neutralization
test is useful for detecting low levels of antitoxin.

© 2009 Elsevier Ltd. All rights reserved.

Botulinum toxins have recently been developed and
used in the treatment of blepharospasm, spasmodic torti-
collis, dystonia, pain, and urological disorders (Jankovic,
2004; Truong and Jost, 2006; Casale and Tugnoli, 2008).
The toxins show a high-level efficacy at very low doses, and
are widely used in medical treatment. Resistance to the
toxin was reported in some patients who received repeat
high-dose (>100 mouse ip LDsg per injection cycle) toxin
therapy over a long period of time (Borodic et al., 1996;
Sesardic et al., 2004; Dressler, 2004). This reduced thera-
peutic response was reported to lead to the development of
neutralizing antibodies in the patients. The potency of
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The Chemo-Sero-Therapeutic Research Institute (KAKETSUKEN), 1-6-1
Okubo, Kumamoto-shi, Kumamoto 860-8568, Japan. Tel.: +81 96 344
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E-mail address: torii-ya@kaketsuken.or,jp (Y. Torii).

0041-0101/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.toxicon.2009.09.004

neutralizing antibodies in the serum of patients is
measured using the mouse neutralization test (Hatheway
et al., 1984). This method is based on the LDsg assay, which,
in turn, is based on the number of surviving mice typically
96 h after the intraperitoneal (ip) injection of a fixed lethal
dose of toxin premixed with different amounts of antitoxin.
The antitoxin titer in the sample is expressed relative to
that of the standard botulinum antitoxin. The detection
limit of this method is reported to be about 10-100 mU/mL
(Sesardic et al., 2004; Byrne et al., 1998). A reduced ther-
apeutic response in certain patients was reported to be
caused by minute amounts of antibodies which could not .
be detected by the mouse neutralization test (Sesardic
et al., 2004). To detect neutralizing antibody presence in
patients, a highly sensitive assay for neutralizing anti-
bodies is needed. We reported quantitative of biological
activity of botulinum toxin using the compound muscle
action potential (CMAP) (Torii et al, submitted for
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publication). CMAP measurement is utilized by the
extensor digitorum brevis (EDB) test, which qualitatively
assesses the response to the toxin before treatment in
patients who might possess antibodies against the botu-
linum toxin (Kessler and Benecke, 1997). Based on the EDB
test, we investigated a highly sensitive quantification
method for botulinum toxin-neutralizing antibodies in
animal and human sera. In addition, we investigated
whether the CMAP neutralization test was able to detect
antitoxin in patient’s serum, and we compared detection
capability of this method, mouse neutralization test and
ELISA.

Botulinum neurotoxin types A, B, E, and F (150 kDa,
NTX) were cultured and purified using a previously
reported method (Sakaguchi et al, 1981; Torii et al,
submitted for publication). Equine-derived Japanese stan-
dard botulinum antitoxin types A, B, E, and F (National
Institute of Infectious Diseases, Tokvo, Japan) were each
used as a standard. One unit (U) of corresponding type of
standard botulinum antitoxin neutralizes 10,000 mouse
intraperitoneally (ip) LDsq of toxin types A, B, F or 1000
mouse ip LDsg of toxin type E (Jones et al.,, 2006). The sera
of seven patients resistant to treatment with the botulinum
LL toxin (BOTOX®, Allergan, Irvine, U.S.) were collected
after informed consent was obtained. For the negative
control, sera were collected from one volunteer who did
not receive any treatment of botulinum toxin. For the
positive control, sera were collected from one volunteer
who had been immunized three times with the botulinum
tetravalent (A, B, E, and F) toxoid. CMAP neutralization test
was performed using a modification of a previously report
method of CMAP test using female S/D rats (8 weeks of age,
Charles River Laboratories Japan, Yokohama, Japan) (Torii
et al., submitted for publication). Modification was using
mixture which botulinum antitoxins and test toxins in
place of toxins. Mixtures were prepared as follows: the
standard botulinum antitoxin and various sera were seri-
ally diluted with physiological saline containing 0.5%
human serum albumin. The test toxins comprised NTX of
each type, at quantities whereby the CMAP amplitudes on
day 1 after injection were decreased to one quarter of those
before administration (type A: 10 mouse ip LDsp/mL, B:
60,000 mouse ip LD5p/mL, E: 60 mouse ip LD5p/mL, F: 600
mouse ip LDsg/mL). The type A of test toxin dose also was
set at 1 mouse ip LDsp/mL to increase the measurement
sensitivity. Equal volumes of the antitoxin or serum and
test toxin were mixed and reacted for 1h at room
temperature. The anesthetized rats were injected 0.1 mL of
a mixture into the left gastrocnemius muscle. The CMAP
amplitude of the left hind leg was measured before (0) and
24 h after injection. The mouse neutralization test was
performed using a previously reported method using
female ICR/CD-1 mice (4 weeks of age, Charles River
Laboratories Japan, Yokohama, Japan) (Torii et al,, 2002).
ELISA was performed using a modification of a previously
reported method (Torii et al, 2002). Modifications were
buffer using Tris Buffer containing 0.15 M Na(l, secondary
antibody using peroxidase-conjugated goat anti-human
IgG, IgA and IgM (Sigma, Tokyo, Japan) and substrate using
TMB Microwell Peroxidase Substrate (Kirkegaard and Perry
Laboratories Inc, Gaithersburg, U.S.). ELISA titers were

expressed in multiples of absorbance of the negative
control, and antibodies were considered to be detected by
ELISA when the absorbance of the sample was more than
twice that of the negative control. To determine whether
the neutralizing antibody of each type was quantifiable,
antibody potencies were plotted versus CMAP amplitudes,
and the linearity of the regression line was confirmed by
regression analysis using Statistical Analysis for Neurotoxin
(SAN, ver. 2.1, self made soft). To determine the antibody
titers of patients’ sera, the amplitude data of standard
botulinum antitoxin were calculated by regression analysis,
and the regression line was used as the calibration curve
using SAN.

The CMAP amplitude of each mixture of antitoxin and
test toxin (types A, B, E, and F) decreased along with the
antitoxin titer. For types A and E, regression analysis was
performed by plotting the logarithmic values of the CMAP
amplitude and antitoxin titer on the vertical and horizontal
axes, respectively, and linearity was noted within a range of
3-100 mU/mL in type A (R*=0.983) and 1-50 mU/mL in
type E (R? = 0.989). For types B and F, the CMAP amplitudes
were plotted on the vertical axis, and the log values of the
antitoxin titer on the horizontal axis, and linearity was
noted within a range of 25-100 mU/mL in type B
(R? =0.953) and 3~50 mU/mL in type F (R® = 0.974) (Fig. 1).
To increase the measurement sensitivity, the test toxin dose
was set at 1 mouse ip LDso/mL in type A, and linearity was
noted within a range of 1-6 mU/mL (data not shown). This
method can be used to measure a broad range of neutral-
izing antibodies titers the day after administration. In this
study, the CMAP neutralization test demonstrated six
advantages over the standard technique. 1) The CMAP is
more sensitive than the mouse neutralization test. 2) The
CMAP neutralization test incorporates a concise procedure.
3) The CMAP neutralization test can determine the
neutralizing antibody titer within 24h; whereas,
the mouse neutralization test requires 4 days to obtain the
same results. 4) The CMAP neutralization test is highly
reproducible. 5) Only 20-30 animals are used in the CMAP
neutralization test, whereas more than 100 animals are
necessary in a single mouse neutralization test. In addition,
the rats are anesthetized during the test, and the amounts
of injected test toxin do not completely block neuromus-
cular transmission nor paralyze the muscles. 6) The CMAP
amplitude values obtained by the CMAP neutralization test
are a continuous quantity. Taken together, these advan-
tages indicate that this method is a useful substitute for the
mouse neutralization test.

We then investigated whether minute amounts of
neutralizing antitoxin present in patients’ sera could be
detected by the CMAP neutralization test. The neutraliza-
tion antibodies in seven patients who showed a reduced
therapeutic effect after repeated treatment with type A
botulinum LL toxin were determined by the CMAP
neutralization test, mouse neutralization test, and ELISA.
Using the CMAP neutralization test, all sera showed
a neutralizing antibody level of 3-50 mU/mL (Table 1). This
suggests that the cause of the reduced therapeutic effect
was the production of neutralizing antibody against
botulinum LL toxin. In contrast, the mouse neutralization
test detected neutralizing antibodies in sera from 1
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Fig. 1. Dose-response of CMAP amplitude of the test toxin mixed with standard botulinum antitoxin of each type. Rats received mixture of the antitoxin and test
toxin into left gastrocnemius muscle. CMAP amplitude was measured for the left hind leg of each rat on day 1 after administration. Each point is the mean = 95%

confidence intervals, n=5.

patient, showing a lower sensitivity than the CMAP
neutralization test. ELISA detected neutralizing antibody
presence in sera from 2 patients; however, ELISA titers
were not correlated with the potency of neutralizing
antibodies. This was because ELISA detected all antibodies
(including non-neutralizing antibodies) against type A
toxin. No antibodies were detected by these methods in
the negative control. The antibody titers in serum No. 7
and the positive control detected using the CMAP and
mouse neutralization tests showed similar values. Serum
No. 7 was also antibody-positive on ELISA (Table 1).
Comparing ELISA and the CMAP neutralization test, the

Table 1
Antibody titers of sera from patients and volunteers measured using the
mouse neutralization test, CMAP neutralization test, and ELISA.

Serum No. Mouse neutralization CMAP neutralization ELISA?
test (mU/mL) test (mU/mL)

1 <100 3 <2
2 <100 4 6
3 <100 4 <2
4. <100 4 <2
5 <100 4 <2
6 - <100 5 <2
7 ' ca)100 50 3
8 (Positive control) 200 X 190 , 13
9 (Negative control) <100 : <1 <2

2 ELISA titer expressed in multiples of the measurement from the
negative control value. :

correlation coefficient between the two assays was
R%?=0.056 in all sera. No correlation could be identified
between these titers.

As mentioned above, the CMAP neutralization test can
be used for the detection of neutralizing antibodies in
patients who have received treatment with type A botu-
linum toxin. Botulinum toxin preparations for treatment
are used for various diseases in many patients. Since the
therapeutic dose of botulinum toxin is very low, its thera-
peutic effect may be lost by only minute amounts of anti-
bodies. For patients who show antibody presence, it may be
necessary to treat them with increasing toxin doses or to
change toxin types. The CMAP neutralization test may be
useful to assist in such a diagnosis.

The CMAP neutralization test is capable of detecting
minute amounts of neutralizing antibodies, not only
against type A toxin, but also against types B, E, and F. Type
A and B toxins have already been approved as formulations
for the treatment of various disorders, and are currently
being used in clinics. However, the effects of type E and F
toxins have only recently begun to be investigated in clin-
ical studies, and, in the future, these toxins may therefore
be approved as new drugs (Mezaki et al,, 1995; Eleopra
et al.,, 1998, 2004). Thus, the ability of the CMAP test to also
detect small amounts of neutralizing antibodies against
type E and F toxins may be potentially useful for such toxin
formulations to be developed in the future. This method is
clinically applicable and useful as the measurement is
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simple and straight forward, using electromyographs
installed at clinical sites.
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The biological activity of various types of botulinum toxin has been evaluated using the
mouse intraperitoneal LDsg test (ip LDsgp). This method requires a large number of mice to
precisely determine toxin activity, and so has posed a problem with regard to animal
welfare. We have used a direct measure of neuromuscular transmission, the compound
muscle action potential (CMAP), to evaluate the effect of different types of botulinum

neurotoxin (NTX), and we compared the effects of these toxins to evaluate muscle relax-
Keywords: . . . . R X
Botulinum toxin ation by employing the digit abduction scoring (DAS) assay.
CMAP : This method can be used to measure a broad range of toxin activities the day after
administration. Types A, C, C/D, and E NTX reduced the CMAP amplitude one day after
administration at below 1 ip LDsg, an effect that cannot be detected using the mouse ip
LDsp assay. The method is useful not only for measuring toxin activity, but also for eval-
uating the characteristics of different types of NTX. The rat CMAP test is straightforward,
highly reproducible, and can directly determine the efficacy of toxin preparations through
their inhibition of neuromuscular transmission. Thus, this method may be suitable for
pharmacology studies and the quality control of toxin preparations.

© 2009 Elsevier Ltd. All rights reserved.

Mouse ip LDsg
Neuromuscular transmission

1. Introduction

Clostridium botulinum produces toxins that have been
classified into 7 serotypes, A-G, based on their immuno-
logical characteristics (Sakaguchi, 1983). The toxins act on

* Corresponding author at: Human Vaccine Production Department,
The Chemo-Sero-Therapeutic Research Institute (KAKETSUKEN), 1-6-1
Okubo, Kumamoto-shi, Kumamoto 860-8568, Japan. Tel.: +81 96 344
1211; fax: +81 96 345 1345.

E-mail address: torii-ya@kaketsuken.or.jp (Y. Torii).

0041-0101/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.toxicon.2009.09.005

neuromuscular junctions and induce muscle relaxation by
inhibiting acetylcholine release (Sakaguchi, 1983; Jahn and
Niemann, 1994). The toxins cause muscle flaccidity, and
have recently been utilized to treat spasm in myotonus and
dystonia (Jankovic, 2004). Type A and B toxins were
approved as drugs for treatment, and are clinically applied.
Type C, E, and F toxins have been used in clinical studies

‘(Mezaki et al., 1995; Eleopra et al.,, 1997, 1998, 2004). The

toxins cleave SNARE proteins (i.e., SNAP-25, synaptobrevin,
and syntaxin), which fuse to the synaptic vesicle and nerve
cell membrane, blocking neuromuscular transmission by
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inhibiting the release of acetylcholine from synaptic vesi-
cles. The different types of toxin are selective for specific
SNARE proteins. Type A and E toxins cleave SNAP-25, type B
toxin cleaves synaptobrevin I, type C toxin cleaves syntaxin
and SNAP-25, and type D, F, and G toxins cleave synapto-
brevin I and II. The cleavage sites for each toxin differ, even
when toxins cleave the same protein (Montecucco and
Schiavo, 1994; Schiavo et al., 2000).

The biological activity of botulinum toxins has been
evaluated using the mouse intraperitoneal (ip) LDsg test
(Pearce et al., 1994). This method is not an assessment of
toxin efficacy, which is the inhibition of neuromuscular
transmission, but of lethality due to respiratory muscle
paralysis caused by the toxin. In this method, the results
vary due to the individual sensitivity of mice against toxins,
and many mice are required to ensure sufficient accuracy
levels for the quality control of preparations. Therefore, the
method has posed a problem with regard to animal welfare,
International meetings on alternative methods for animal
testing have been held, and replacements for the mouse ip
LDsgp test have been discussed (Straughan, 2006). The 3 Rs
(refinement, reduction, and replacement) have been
proposed for alternative methods, and alternative in-vitro,
ex-vivo, and in-vivo test systems have been investigated.
The in-vitro test system, ELISA, determining the endopep-
tidase activity, does not use animals, but the sensitivity is
lower than the mouse bioassay (Hallis et al., 1996; Wictome
et al,, 1999). This method could determine only light-chain
activity in many cases, and the inaccurate determination of
toxin function has been reported. The ex-vivo test system
using the mouse phrenic nerve-hemidiaphragm is sensi-
tive, but it requires a skilled technique, and has a low
reproducibility (Bigalke et al.,, 2001; Yoneda et al.,, 2005).
The in-vivo test systems, such as the digit abduction scoring
(DAS) and local flaccid paralysis assays, use scores for
evaluation (Aoki, 2001; Takahashi et al., 1990; Sesardic
et al,, 1996). The methods of evaluation involved scoring,
and so they have a disadvantage in that the obtained data
are discrete quantities. As each test systems has disadvan-
tages; no alternative method has been established.

We attached a greater importance to the following point
in devising an alternative method to determine the activity
of botulinum toxin: The potency of botulinum toxin should
be evaluated based on their pharmacological effect of
inhibiting neuromuscular transmission, and not based on
their lethal activity, as in the mouse ip LDsg assay. There are
several test systems to evaluate the inhibition of neuro-
muscular transmission, and we focused on the measure-
ment of the compound muscle action potential (CMAP)
used for the diagnosis of various nervous disorders. The
CMAP is generated by the contraction of muscle fibers; the
microcurrent generated by muscle contraction is amplified
and recorded. Botulinum toxin affects nerve endings to
suppress neurotransmission. Therefore, by determining the
CMAP amplitude, the action of the toxin suppressing the
transmission of electric stimulation to the muscle can be
shown numerically. CMAP measurement is utilized by the
extensor digitorum brevis (EDB) test, which checks the
response to the toxin before treatment in patients who
might have antibodies to the botulinum toxin (Kessler and
Benecke, 1997). It was reported that the CMAP amplitude

was measured in the rat gastrocnemius muscle which was
injected several times with botulinum toxin (Cichon et al.,
1995). The CMAP amplitude decreased as the toxin activity
increased, but quantitative determination of the toxin was
not carried out.

In this study, based on this previous CMAP study, we
investigated the quantification of biological activity (effect
of neuromuscular transmission blockage) by different types
of botulinum toxin. We also compared toxins with an
inhibitory effect on neuromuscular transmission. In addi-
tion, we investigated the muscle flaccidity-inducing effect
of the toxins, compared CMAP data, and the overall effect of
the toxins.

2. Materials and methods
2.1. Preparation of toxin

Botulinum neurotoxin type A, B, C, C/D, D, E, and F
(150 kDa, NTX) were prepared using modified culture and
purification methods, as previously reported (Sakaguchi
etal., 1981). C. botulinum type A A2, type B Okra, type C CB-
19, type C/D 003-9, type D 1873, type E 35396, and type F
Langeland were used. For type A, B, E, and F organisms, PYG
medium containing 2% peptone, 0.05% yeast extract, 0.5%
glucose, and 0.025% sodium thioglycolate was used. For
type C, C/D, and D organisms, a basic medium containing
0.8% glucose, 0.5% starch, 1.0% yeast extract, 1.0% ammo-
nium sulfate, and 0.1% cysteine hydrochloride salt was
used, and cooked meat (6 g) and 0.5% calcium carbonate
were added to 100 mL of the basic medium. The organisms
were cultured by allowing them to stand at 30 or 37 °C for
2-3 days. Culture fluid was purified by acid precipitation,
protamine treatment, ion-exchange chromatography, and
gel filtration of M toxin. M toxin was adsorbed to a DEAE
Sepharose column equilibrated with 10 mM phosphate
buffer, and eluted with a 0-0.3 M NaCl gradient buffer for
NTX and non-toxic protein separation. Each NTX was stored
at —70 °C until use.

2.2. Experimental animals

Female ICR/CD-1 mice (4 weeks of age, about 20g,
Charles River Laboratories Japan, Yokohama, Japan) and
female S/D rats (8 weeks of age, about 200 g, Charles River
Laboratories Japan, Yokohama, Japan) were used for the
LDsp and CMAP tests, respectively. Animals were main-
tained under controlled light/dark conditions and had free
access to food and water. This study was performed in
accordance with the guidelines concerning experimental
animals established by the Japanese Pharmacological
Society, and was approved by the Animal Ethics Committee
of our institute. ‘

2.3. Toxin activity (mouse ip LDsg) measurements

The LDsp of each NTX was determined following ip
injection into mice (Pearce et al,, 1994). Seven doses with
a dilution factor of 1.25 were used to determine the LDsg,
and 20 animals were used per dose. Mice were evaluated
for the first 96 h after administration, and the LDsg was
calculated by the probit method.
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2.4. CMAP measurements

The different types of NTX were serially diluted with
physiological saline containing 0.5% human serum
albumin. The following dilutions were prepared: 0.1-300 ip
LDso/mL type A, 100-1 x 10° ip LDsg/mL type B, 1-10,000 ip
LDso/mL type C, 0.3-100 ip LDso/mL type C/D, 300-1 x 10°
ip LDsg/mL type D, 1-3000 ip LDsp/mL type E, and 10-
10,000 ip LDsp/mL type F. Rats were anesthetized with anip
injection of pentobarbital sodium (Kyoritsu Seiyaku, Tokyo,
Japan). After the eyelid reflex disappeared, the left hind leg
was shaved, and 0.1 mL of an NTX dilution was injected into
the gastrocnemius muscle of five animals.

The CMAP was measured using a Nicolet Viking Quest
(Viasys Healthcare, Tokyo, Japan). Rats were anesthetized and
fixed in the prone position. The electrode employed was an
alligator clip lead wire (Viasys Healthcare, Tokyo, Japan). The
stimulating electrode was placed on the root of the spinal
cord, the recording electrode was positioned on the belly
muscle of the left hind gastrocnemius muscle, the reference
recording electrode was placed on the left hind gastrocne-
mius tendon, and the earth electrode was positioned on the
tail root. Electric stimulation was given at 25 mA for 0.2 ms.
The CMAP of anesthetized rats was measured before (0) and
1, 2,4, 7, and 14 days after administration.

To investigate whether the CMAP amplitude can accu-
rately reflect the inhibition of neuromuscular transmission
by botulinum toxin, we evaluated muscle relaxants with
different mechanisms of action, nondepolarizing neuro-
muscular blocking drug, d-tubocurarine (d-Tc, Wako, Osaka,
Japan), and a depolarizing neuromuscular blocking drug,
succinylcholine (SCC, Wako, Osaka, Japan). d-Tc is an
antagonist of nicotinic neuromuscular acetylcholine
receptors, and provides muscle relaxation by competitive
inhibition of acetylcholine. SCC is binding to the nicotinic
acetylcholine receptor, and is opening of the receptor’s
nicotinic sodium channel; a disorganized depolarization of
the motor end plate occurs. SCC is not hydrolyzed by
acetylcholinesterase, and occurs to persistent depolariza-
tion. The receptor’s nicotinic sodium channel is inactivated.
When acetylcholine binds to an already depolarized
receptor it cannot cause further depolarization. As a result,
SCC provides muscle relaxation. So, d-Tc and SCC are relaxed
muscle by neuromuscular transmission inhibitory as botu-
linum toxin. d-Tc and SCC were serially diluted 3-fold to
yield 0.1-0.9 and 1-9 mg/mL, respectively. Each drug dilu-
tion (0.1 mL) was injected into caudal vein of five animals.
Electrodes were attached as described above, and the CMAP
amplitude was measured for the left hind leg of each rat at 3
and 2 min after d-Tc and SCC administration, respectively.
The rats underwent the insertion of a tracheal tube to
maintain respiration after drug administration. The respi-
rator was delivered by SN-480-7 (Shinano manufacturing
Co., Tokyo, Japan). Tidal volume was set on the respirator at
2 mL and respiratory frequency at 70 breaths/min.

2.5. Digit abduction scoring assay (DAS assay)
The different types of NTX were compared using the

DAS assay (Aoki, 2001), which has been reported to assess
the muscle flaccidity-inducing effect of botulinum toxin

preparations. In the assay, mice received toxin injection
into the gastrocnemius muscle, and the muscle flaccidity-
inducing effect of the toxin was determined by the degree
of digit abduction. The peak DAS responses were observed
on Day 2 or 3 post-injection. The DAS assay was modified
for rats, and carried out two days after NTX administration.
For negative control, rats were injected with dilution
solution (physiological saline containing 0.5% human
serum albumin). Rats were suspended by the tail, and the
degree of digit abduction in the toxin-treated leg was
scored on a 5-point scale by an observer who was masked
as to the treatment: score 0 =normal leg extension, and
digit abduction equivalent to the contralateral side; score
1 =normal leg extension, but digit abduction differed from
the contralateral side or two digits in contact while the
other digits completely abducted; score 2 = leg extended,
but weak abduction of all digits or three digits in contact;
score 3 = leg extended without digit abduction, or leg bent
with four digits in contact; score 4 = leg bent with no digit
abduction.

2.6. Statistical analysis

The waveforms of a single CMAP were converted to
2000 dots using electromyograph software, and the coor-
dinates of the dots were converted to numbers. The
distance between the top and bottom of the waveform was
measured as the CMAP amplitude. Statistical analysis for
neurotoxin (SAN, ver. 1.07, self made soft) was used to
analyze the CMAP amplitude. SAN was created to store raw
data of the CMAP amplitude and perform various statistical
analyses (i.e., t-test, regression analysis, parallel line anal-
ysis, and correlation coefficient).

For time course of CMAP amplitude, the MULTTEST
procedure of contrast statement was performed using SAS
(ver.9.1).

To determine whether the inhibitory effect on the
neuromuscular transmission of each NTX was quantifiable,
ip LDsg data were plotted versus CMAP amplitudes, and the
linearity of the regression line was confirmed by regression
analysis.

To evaluate the efficacy of each NTX, the regression line
of each NTX was calculated for the peak of the effect, as
identified above. Regression lines were used to calculate
the doses causing 50% (injection site) and 20% (contralat-
eral site) reductions in the CMAP amplitude, and these
values were termed the Effective Dose 50 (EDsg) and Toxic
Dose 20 (TDyp), respectively.

For d-Tc and SCh of the data, the Jonckheere-Terpstra
trend test was performed using SAS (ver. 9.1). '

3. Results

3.1. Dose-dependent effects of the different NTX types on the
CMAP amplitude

The CMAP amplitude was measured to compare the
inhibition of neuromuscular transmission at the site of
toxin administration. In all types of NTX, the CMAP
amplitude decreased depending on the concentration of
the ip LDsg. Following the administration of type B, C, C/D,
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and D NTX, the CMAP amplitude in the left hind leg was
reduced for four days at all dose, and was recovered
thereafter at type B of or more 30 ip LDs, type C and type C/
D of all dose and type D of 100-10,000 ip LDsp. Following
type A, E, and F NTX administration, the CMAP amplitude
was reduced for two days and recovered thereafter at type
A 0f0.03-3 ip LDsg, type E of or more 1 ip LDsg, and type F of
or more 10 ip LDsq (Fig. 1). After the administration of type
A, B, C, C/D, D, and F NTX, the CMAP amplitude in the
contralateral leg was reduced for four days at type A of
more 3 ip LDsp, type B of 10,000 ip LDsg, type C of or more
30 ip LDsg, type C/D of or more 3 ip LDsg, type D of 100,000
ip LDsg, and type F of or more 3000 ip LDsg, and subse-
quently recovered at type A of 10 ip LDsg, type B of or more
3000 ip LDs, type C of 300 ip LDsg, type C/D of or more 3 ip
LDsg, type D of 100,000 ip LDsq, and type F of 10,000 ip

LDsg, respectively. Following type E NTX administration,
the CMAP amplitude was reduced for two days at or more

npaiec as 1€ e ol Qaays a4t 0

100 ip LDsg and recovered thereafter at 300 ip LDsg (Fig. 2).

3.2. Analysis of the CMAP amplitude after the different NTX
types were administered

Type A, C, C/D, and E NTX reduced the CMAP amplitude
in the toxin-injected limb below 1 ip LDso one day after
administration. Regression analysis revealed that the CMAP
amplitude for type A, B, C, C/D, and D of NTX on days 1, 2, 4,
7, and 14 and type E and F of NTX on days 1, 2, and 4
following administration was related to the LDsg concen-
trations dose-dependently, and linearity was noted when
the logit-transformed CMAP amplitude was plotted against
the log ip LDsg. Although each NTX varied regarding its
LDsg value for the reduction of the CMAP amplitude, the
linearity range of all types of NTX was from the minimum
ip LDsg to about 103 fold (Table 1). Parallel line analysis of
the regression lines was performed for each NTX on days 1,
2 and 4, followed by Tukey’s test. The regression lines for all
types of NTX showed parallelism, except for type C NTX
(data not shown).

.3.3. Inhibitory effect of the different NTX types on
neuromuscular transmission

To compare the inhibition of neuromuscular trans-
mission by the different types of NTX, the EDsg was defined
as the dose that decreased the CMAP amplitude to 50% of
the pre-toxin level, and was calculated for the peak effect at
each dose. The EDsp rank order of NTX was type
D>B>F>E>C>C(C/D>A Type ANTX was most potent to
reduce the CMAP amplitude, and type D NTX was lowest
potent (Table 2).

3.4. Comparison of diffusion to the contralateral site and
safety index of the different types of NTX

To compare diffusion to the contralateral site of the
different types of NTX, the CMAP amplitude was measured
in the right hind leg. The TD,o was defined as the dose that
decreased the CMAP amplitude to 20% of the pre-toxin
level and was calculated to assess the peak effect at each
dose. The TDyp value rank order of NTX was type

D>F>B>C>E>A>(/D. Type C/D NTX was most potent
to diffuse to the contralateral site, and type D NTX the
lowest potent. The ratio of TDyg/EDsg was calculated for
each NTX, and is expressed as the safety index. The safety
index rank order of NTX was type F>C>D>E>A>(/
D > B. The results revealed that type F NTX showed the
widest safety index and was hard to diffuse, and type B NTX
the narrowest index and was prone to diffuse (Table 2).

3.5. Changes in CMAP amplitude induced by muscle relaxants
(d-Tc and SCh)

To investigate whether the CMAP amplitude can accu-
rately reflect the inhibition of neuromuscular transmission
by botulinum toxin, we evaluated muscle relaxants with
different mechanisms of action. The average CMAP ampli-

tudes in groups treated with 0.01, 0.03, and 0.09 mg d-Tc
were reduced to ahout 78, 15, and 2% of that in the vehicle
group, whereas those in the groups treated with 0.1, 0.3,
and 0.9 mg SCh were reduced to about 68, 12, and 1%,
respectively. Differences were significant for both d-Tc and
SCh (p<0.0001; Jonckheere-Terpstra trend test). The
muscle relaxants induced a dose-related decrease in the
CMAP amplitude, similar to botulinum toxin, indicating
that the CMAP test can be used to evaluate the inhibition of
neuromuscular transmission.

3.6. Comparison of muscle flaccidity induced by the different
types of NTX

To compare the muscle flaccidity-inducing effects of the
different types of NTX, we evaluated them using the DAS
assay. When the log of the ip LD5¢ and median DAS score were
plotted on the horizontal and vertical axes, respectively, the
reaction curves for each NTX showed dose-dependent line-
arity. The required toxin value rank order of NTX for muscle
flaccidity was type B=D>F>E>A=C=C/D. Type A, C,
and C/D NTX were most potent to exhibit a muscle flaccidity-
inducing effect, and type B NTX was lowest potent (Fig. 3).
The ip LDsg dose necessary to achieve a score of 1 in the DAS
assay was greater than that required to reduce the CMAP
amplitude.

4. Discussion

The neuromuscular transmission inhibitor (d-Tc and
SCC) with different mechanisms of action to the botulinum
toxin induced a dose-related decrease in the CMAP
amplitude. This result indicated that the CMAP amplitude
reflected the inhibition of neuromuscular transmission
caused by the muscle flaccidly-inducing effect of the drug.
The results generated by the CMAP test are continuous
data, whereas those of the mouse ip LDsg method and -
scores are discrete data.

We used the rat CMAP test to determine the toxin
activity of different NTX types. Type A and C/D NTX reduced
the CMAP amplitude one day after administration at 0.01
and 0.03 ip LDsg, respectively. In contrast, 10 ip LDsg of type
B NTX were needed to reduce the CMAP amplitude. Type A,
C, C/D, and E NTX required a dose of 1 ip LD5g or below, and
the CMAP method was more sensitive than the mouse ip
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Fig. 1. Dose-response of the CMAP amplitude with the different NTX types at the injection site, Rats received botulinum toxin into left gastrocnemius muscle
(0:0.01ip LDsp; @:0.03 ip LDsp; A: 0.1ip LDsp; A: 0.3 ip LDsg; [3: 1ip LDsp; M: 3 ip LDsg; <: 10 ip LDsp; #:30ip LDsg; V: 100 ip LDsg; ¥: 300 ip LDsg; ®:
1000 ip LDsg; x: 3000 ip LDsg; +: 10,000 ip LDsp and +: 30,000 ip LDsg). CMAP amplitude was measured for the left hind leg of each rat at before and 1, 2, 4, 7, and
14 days after administration. Each point is the mean & SD, n =5.
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Fig. 2. Dose-response of the CMAP amplitude with the different NTX types at the contralateral site. Rats received botulinum toxin into left gastrocnemius muscle
(©:0.01ip LDso; ®:0.03 ip LDsg; A: 0.1 ip LDsg; A: 0.3 ip LDsg; OJ: 1 ip LDsp; M: 3 ip LDsg; ©: 10 ip LDso; #: 30 ip LDsg; V: 100 ip LDsg; ¥: 300 ip LDsg; ®:
1000 ip LDsg; x: 3000 ip LDsp; +: 10,000 ip LDse; *: 30,000 ip LDsp and -: 100,000 ip LDsg). CMAP amplitude was measured for the right hind leg of each rat at
before and 1, 2, 4, 7, and 14 days after administration. Each point is the mean +SD, n=5.
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Table 1
Linearity ranges on regression analysis of the CMAP amplitude after the administration of type A to F NTX.
Type - Linearity range '
(ip LDsp)
1 day (R¥? 2 day (R?) 4 day (R?) - 7 day (R?) 14 day (R?)
A 0.01-30 (0.979) 0.01-10(0.971) . 0.01-10 (0.966) 0.01-10 (0.954) 0.01-10 (0.959)
B 10-10,000 (0.932) 10-10,000 (0.954) 10-10,000 (0.949) ~ 10-10,000 (0.950) 10-10,000 (0.915)
C 0.1-100 (0.957) 0.1-30 (0.957) 0.1-30 (0.955) 0.1-30 (0.968) 0.1-100 (0.946)
C/D 0.03-10 (0.964) 0.03-10 (0.980) 0.03-3 (0.968) 0.03-3 (0.962) 0.03-10 (0.963)
D 30-30,000 (0.942) 30-30,000 (0.953) 30-10,000 (0.958) 30-10,000 (0.949) 30-30,000 (0.937)
E 0.1-30(0.930) 0.1-30(0.928) 0.3-100 (0.915) - -
F 1-300 (09.37) 1-300 (0.954) 10-300 (0.956) - -

2 R?: multiple correlation coefficient.

Table 2
EDsg, TD20, and safety index values for type A to F NTX.

Type . EDso® (ip LDso) - TD2o” (ip LDsp) ~ Safety index (TDo/EDso)

A 0.09 1.57 18
B 167 1226 7
C 0.54 385 718
C/D 0.13 1.38 11
D 206 36,433 177
E 0.85 50 59
F 4.67 3772 808

2 EDsp, dose which caused a 50% reduction of the CMAP amplitude.
b TD,g, dose which caused a 20% reduction of the CMAP amplitude.

LDsp assay. However, in type B, D, and F NTX, the CMAP
method was less sensitive. These results suggest that mice
and rats show a different sensitivity to toxins. The results
indicated an advantage whereby the method can be used to
measure a broad range of toxin activities on the day
following administration.

The rat CMAP test is useful not only for measuring
toxin activity, but also for evaluating the characteristics
of the neuromuscular transmission-inhibitory effect of
different NTX types. To assess whether the neuromuscular
transmission-inhibitory effect was correlated with the

4 /.
f /

LY )
0 1 10 100 1,000 10,000 100,000

ip LDy,

Digit abduction scoring

—O—Type A,C,and C/D  —&Type F

—8—Type E —&—TypeB and D

Fig. 3. Comparison of the muscle flaccidity-inducing effect of type A to F
NTX on digit abduction in rats two days after administration. The scores
indicate the median of each dose, n=5.

muscle flaccidity-inducing effect, the latter effect of the
different NTX types was compared using the DAS assay. The
neuromuscular transmission-inhibitory effect (EDsg) using
the CMAP test was compared to that using the DAS assay,
and all types of NTX showed a correlation between the
effect of the inhibition of neuromuscular transmission and
the potency of muscular flaccidly, except type C NTX. The
EDsp of type C NTX showed a higher dose than that of type
A and C/D NTX; however, the effect of flaccid muscle
paralysis was the same. The toxins cleave SNARE proteins
(i.e., SNAP-25, synaptobrevin, and syntaxin), which fuse to
the synaptic vesicle and nerve cell membrane, blocking
neuromuscular transmission by inhibiting the release of
acetylcholine from synaptic vesicles. This suggested the
possibility that the muscle-relaxing effect of type C NTX is
caused not only by the inhibition of neuromuscular trans-
mission through the cleavage of SNARE proteins, but also by
other action mechanisms (i.e., the effect on the muscle).

Assuming that the findings can be extrapolated to
humans, type A and C NTX might show a higher efficacy
and safety than other types of NTX as muscle relaxants.
Type A NTX showed the strongest effect on the inhibition of
neuromuscular transmission and muscle flaccidity, having
longer-lasting effects than type B NTX. Type A NTX showed
a higher sensitivity than the other types of NTX in humans,
and so might be the most suitable as a muscle relaxant.
However, the results suggested that type A NTX has the
disadvantage that it is prone to diffuse compared to the
other types, except for type B and C/D NTX. Type C NTX
might be the most suitable for relaxing a particular muscle,
because it showed a potent muscle flaccidity-inducing
effect and diffuses less than the other types. A dose inha-
lation toxicity study in monkeys showed equivalent effects
between type A and C NTX (LeClaire and Pitt, 2005). In
a clinical study, it was reported that type C had a muscle-
relaxing effect equivalent to that of type A NTX (Eleopra
et al,, 1997; Eleopra et al. 2004).

Recently, type C, E, and F toxins have been tried as
treatments for various diseases. The inhibitory effect of
type E NTX on neuromuscular transmission was the fourth
strongest after type A, C, and C/D NTX. The safety index of
type E NTX was ranked fourth after type F, C, and D, and the
duration of the effect of type E NTX was the shortest. It was
reported that the muscular flaccidity-inducing effect of
type E and F toxins was of a short duration in humans,
similar to the result in this study. Since an effect of type E
toxin on the central nervous system was reported (Bozzi
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et al,, 2006), the toxin may be of use in diseases of the
central nervous system. In the future, the other NTX except
types A and B may be applied to treatment, and they might
be approved as new drugs.

In this study, the rat CMAP test was able to quantify the
toxin activity of types A-F toxin. This method is applicable
to different types of botulinum toxin preparation which
might be marketed, and aids in quality control. This method
is useful for evaluating the pharmacological effects of
muscie relaxants.
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Editorial

Introduction

Keywords: electromyography (EMG), ultrasonography, endoscopy or imaging.
Botulinum toxin Erle Lim et al. summarise these techniques and discuss why
Asian different techniques are more suited to specific muscle groups or

Movement disorder

This supplement is a collection of articles arising from discus-
sions of the Asian Botulinum Toxin Consortium, which consists of
Asian movement disorder neurologists (from India, Korea, Japan,
the Philippines, Taiwan, Thailand and Singapore) with a research
interest in botulinum toxin (BTX). Although Asians account for
approximately 30% of the world’s population, the clinical data on
Asian patients with movement disorders is not as well represented
in the literature, except for conditions known to have an Asian
preponderance, such as Lubag (sex-linked recessive dystonia parkin-
sonism of Panay) [ 1-3]. Intuitively, such information would be inter-
esting. Although the incidence and prevalence of Parkinson’s disease
in Asia appear to be similar to, or lower than those in Western
patients [4,5], Asians are over-represented among patients with
hemifacial spasm [6], whereas they appear to be under-
represented among patients with dystonia [7]. Asian patients with
stroke behave differently from those of Caucasian or African
ethnicity [8,9]; yet the presence, or absence, of an ‘Asian phenotype’
in movement disorders has yet to be established. Interestingly, some
authors have reported that Asian patients require lower doses of BTX
for the treatment of hemifacial spasm [10] and cerebral palsy [11]
than has been reported in Caucasian patients. Clearly, formal clinical
trials, comparing patients of different ethnicities, matched for age,
gender and weight and using established clinical scales, are
required.

BTX, which is one of the most lethal toxins known to man, has
emerged in the past few decades as a potent therapeutic agent,
used in the treatment of overactive smooth and skeletal muscles,
glandular overactivity, as well as in the treatment of painful condi-
tions. Ryuji Kaji has summarised the clinical indications of BTX to
date and highlighted new and emerging indications of BTX, such
as epilepsy and urgency in the overactive bladder. Roger Aoki
examines how BTX ameliorates painful conditions, summarising
clinical and non-clinical results to support the hypothesis that
BTX reduces the symptoms associated with chronic pain through
a two-step process, that is, reduction of local-pain nerve sensitisa-
tion through the local inhibition of neuropeptide release, resulting
in an indirect reduction of central sensitisation. The benefits
derived from the injection of BTX may be negated by spread of
the toxin after injection, leading to unintended weakness. This
may be reduced by accurate guidance techniques using

1353-8020/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.parkreldis.2011.06.012

conditions. An important point, previously raised by Simpson
et al. [12] in an evidence-based review of BTX in the treatment of
spasticity, is reiterated by Lim et al. [13] that is, that though intui-
tively attractive, localisation techniques, such as EMG or
ultrasound-guidance techniques, have not been proven to be
more effective than surface localisation techniques. This is partly
attributable to the different injection techniques (comprising
different formulations, dilution volumes and localisation tech-
niques), lack of uniform rating scales, lack of well-designed multi-
centre studies and small patient numbers that are a feature of
current studies. Raymond Rosales et al. review the use of BTX in
the treatment of upper-limb post-stroke spasticity, commencing
with the view of spasticity as a continuum of changes, spanning
early to late neural alterations, as well as biomechanical modifica-
tions to muscle, They describe how BTX may be used to improve the
functional outcomes.

Three articles in this supplement focus on dystonia. Roongroj
Bhidayasiri examines the clinical features of complex cervical dys-
tonia and discusses the prevalence of dystonia in Thailand. Finally,
Petr Kantovsky and Raymond Rosales discuss how BTX, when used
to treat dystonia, can modulate brain plasticity, thence resulting in
long-term alleviation of the symptoms of dystonia.
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Letters to the Editor Related to New Topics

Assessment of Impairment or Monitoring
Change in Friedreich Ataxia

Singh et al.’ reported an experimental study highlighting
the oral motor and motor speech deficits present in individu-
als with Friedreich ataxia (FA). In the abstract and discussion
sections of their article, they suggest that this information
provides evidence for the use of their assessment protocol for
monitoring change in patient functioning.

We believe that the conclusion cannot be supported on the
basis of the analytical techniques presented. Importantly, the
assessment tools used in the study are either not designed for
use in repeated assessment protocols and/or their stability and
reproducibility has not been evaluated in an empirical context.
Diadochokinetic tasks (or PATA examinations) are notoriously
variant in nature, difficult to assess,” and their stability over dif-
ferent test-retest intervals is unknown. The “oral motor exami-
nation" derived from the Boston Diagnostic Aphasia Examina-
tion is unsuitable for objectively monitoring change in oral
motor function as it suffers from several psychometric limita-
tions. No measures of test-retest reliability are provided; it is
designed for diagnostic decision making and for making an esti-
mate of severity of impairment; thus, its validity as a marker of
change is questionable; it has Limited intra/inter-rater reliability’;
and grading of performance is difficult to quantify as it is based
on a finite rating scale that relies on clinical expertise and sub-
jective judgment. Perhaps, these reasons account for the authors
not conducting reliability investigations on this aspect of their
assessment protocol. The Assessment of Intelligibility of Dys-
arthric Speech (ASSIDS) also provides a useful index of the se-
verity of dysarthric speech by quantifying both single-word and
sentence intelligibility, however, perhaps incorporating the other
metrics typically used within the ASSIDS [e.g., speaking rate
(words per min) and rate of intelligible speech (number of intel-
ligible words per min)] may have yielded more tangible quanti-
tative findings. Finally, it is not surprising that findings from
the picture description task (cookie theft) were poorly correlated
with measures of disease severity. The gross measure of quan-
tity (i.e., total number of intelligible words) is intrinsically
linked to the number of words produced in a sample. Given
that the number of words produced by participants is dependent
on their expressive language skill and descriptive vocabulary
and that no set word limit was applied, monitoring change in
patient function using this method may be inappropriate.

Sophisticated methods exist for the application of standar-
dized speech and oral motor assessments where the data gener-
ated in response to various challenges are compared to estab-
lished normative data. Similarly, patterns of strengths and weak-
nesses on performance measures can be interpreted and aid the

Potential conflict of interest: Nothing to report.
Published online 30 June 2010 in Wiley InterScience (www.
interscience.wiley.com). DOI: 10.1002/mds.23103

process of differential diagnosis by skilled clinicians. Data pro-
vided by Singh et al.! fulfill this purpose; however, there is not
the same sophistication for assessment of speech in monitoring
change in patient function. In related fields (e.g., cognitive test-
ing), it is argued that the assessment of behavior for supporting
classifications of CNS impairment has a different practical,
methodological, and statistical framework for the assessment of
behavior to guide decisions about change in the CNS.* Singh
et al.! acknowledge the need for testing that can be “reproduced
without excessive technical expertise,” yet they fail to recognize
that several other criteria need to be met before an assessment
protocol is appropriate for monitoring change. Tasks designed
to monitor change should be brief, easy to complete, suitably
motivating, and preferably have alternate forms (all of which
are designed to limit the impact of practice/familiarity). In addi-
tion, monitoring intrasubject variation requires a different statis-
tical framework that examines change from baseline rather than
differences from controls or normative data.” This requires that
assessments satisfy assumptions of normality or can be cor-
rected to normal and that they utilize continuous variables that
are not restricted by range, floor, or ceiling effects.

Singh et al.! rightly state that “long examination times are
not ideal for use in FA because of the highly fatigable nature
of the patient population” and that some of their assessments
are limited by the use of discrete rather than continuous vari-

~ ables. Given the potential implications of conclusions based

on assessments that fail to acknowledge the different meth-
odological requirements for monitoring change in patient
functioning, it is important that appropriately conservative
analyses are undertaken in studies addressing this issue.
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