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= Abstract =

Botulinum Toxin Induced Morphological Changes in the
Rabbit Extraocular Muscle and Myoneuronal Junction

Se Youp Lee, M.D., Sang Pyo Kim, M,D,*

After direct superior rectus muscle injection of BtA in rabbit eyes, we
examined the ultrastructural changes of the muscles from 1 day to 8 weeks
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after injection. The most profound changes seen at electron microscopic
levels after BtA injection were early vacuolization of the sarcoplasmic
structure, extensive damage of myofibril, degeneration of the postjunctional
fold and widening of the synaptic cleft. Myofiber changes were reversible
with no apparent long-term consequence. However, most of the
degenerations of myoneuronal junction were still present in 8 weeks post-
injection. Comparing myotoxic effects according to rabbit age, the
botulinum toxin seems to make more severe histologic damage in the fibers
of the two-month old than six-month old or older. AchE activity of
injection group is mildly decrease in number of positive fibers rather than
control group, which was not statistically significant in the quantitative
analysis. In conclusion the early vacuolization and degeneration of the
sarcoplasmic structure, and degeneration of the postjunctional folds after
toxin Injection in the muscles are most likely due to a direct myotoxic
effect of BtA(J Korean Ophthalmol Soc 38:2214~2222, 1997).
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ZHE ] 7|2 A A3 2,5% glutaralde-
hyde &< (0. 1M phosphate buffer, pH 7.4) 2
2 1-4ToA 2R A3 e &3 0.1M phos-
phate buffer solution (0.1M PBS)2o.2 A&
F 1% 0s 0,89 2X7t T2 & AAIR o
Ze gFgdos ML I AddEEE g
F39t)®. Propylene oxideZ X|¥& ¥ Luft
W) 2] eponEFEZ Eusted 37Tl

Fig, 1. Control group. Normal neuromuscular
junction showing axon terminal (arrows)
with containing many synaptic vesicles
and regular arrangement of invaginated
postjunctional folds (arrowheads). Also
there are myofibrils with distinct Z-band
and well preserved sarcomere. (TEM,

original magnification %10, 000).

Table 1. Incubation medium part A and B

Incubation medium part A

Acetylcholine iodide 0.24g
0.06M Sodium acetate 3H,O 302.4ml
0. 1M Acetic acid 9,6ml
0. 1M Sodium citrate 24m]
0.03M Copper sulfate 5H,0 48ml]
0,004M Tetraisopropyl prophosphoramide 9.6ml
Distilled water 37.2ml
Snap freeze and store in volumes of 9m] at -25C
Incubation medium part B

Potassium ferricyanide 0.165g
Distilled water 100m]

Store in volumes of 1ml at -25C
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Fig, 2. Seven days after intramuscular BtA

injection (Group 2). Dispersed large
mitochondria (arrows) and some tubular
aggregates (arrowheads) in the subsarc-
olemmal area. There are vacuoles and fat
droplets formation. (TEM, original
magn-ification X 8,000).
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Fig. 3. Two weeks after intramuscular BtA
injection (Group 2). Massive aggregates of
mitochondria in the axon terminal
(arrows) and partially loss of postjunct-
ional folds (arrowheads). Myofibrils
showing markedly degenerated and
swelling (TEM, original magnification X
12, 000).

(synaptic vesicle) E°] 24 cH(Fig. 1).
APT: FAE 344 129 27 BATEF
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Fig, 4. Two weeks after intramuscular BtA injec-
tion(Group 1). Terminal axon sprouting
(arrows) and completely loss of postjunc-
tional folds (arrowheads) are seen. (TEM,
original magnification X 12,000).
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Fig, 5. Three weeks after intramuscular BtA injec-
tion{Group 2). A gap (arrows) between pre-
synaptic and postsynaptic membrane is
more widened. There are still prominently
axonal sprouting and loss of postjunctional
folds. Some area of regeneration in dama-
ged myofibrils. (TEM, original magnifica-
tion X 10,000).
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Aol BRAHAUC FALE 79 FE SAH {3}
A nEZcgole] Eito] AWEAAL #FEF
(tubular aggregates) E°] £@83}7] A&etd 2
] 2 ¥3}(vacuolization) 2] A|WAHE Hole
ZAAL HAJo) AAFt 24 (sarcomere) 2] ZHh
7} 2493 Bwd & vEE=gopt 2R
sl &xsol ATt (Fig. 2). FAHE 2
ZdlE ZAME T nEIZ=golzt FE YA
$AHNT AgaF FEL FEHoE 24H
geon ZAAEY] HALALE ¥L o @A
tH(Fig. 3). 281 FAF 2Fdle 2ol &
AL YA AlgAF FEL &3] 24s
At (Fig. 4. FAE 357 FHE Aldads
(presynaptic membrane) % Al'd2%2 (post-
synaptic membrane)°] A A& FEE B
I, €4 T 2AAY Aol FEHoE &
Ze)7] AFEgen, ApgaF FEo ¥4 R
Zahgtolrl AASATH(Fig. 5). FAF 6579
ARAZRYR 27Ae 3FY 217 A Y
Y ZAF Ao FEHoE U3 Fig.
6). FAIE 8Fole AHAL ¥z A P ASA
AN (Fig. 7A), FEFHoR 294 94

injection (Group 2). The findings of
neuromuscular junction showing same as
above three weeks after injection. Some
area of regenerating myofibrils are
present (arrows). (TEM, original magni-
fication x 10,000).
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A Z (myogenic satellite cell) ellAl ZAAL}
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Fig. 7. Eight weeks after intramuscular BtA
injection (Group 2). Note mostly regener-
ating myofibrils (A) and scattered

myoblasts in focal area (B)., (TEM,

original magnification x 10,000).
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& A Apelzh }AATH(PY0.05) (Fig. 9A,
B).
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Botulinum toxin& ©HHoz A, B, C,
Cy D, E, F, G9 8 F/F ¥l e, 2
oM Ae HEE L, ZAE) Hade, 1 &
7} et de] AMgE3 vk Botulinum
toxin type A¥ heavy chain® light chain
o2 F4% dichain polypeptide2X EA1ge
150,000 daltono.2 <& ), 183 BtA
o] EAo| thdld Bonventre®t Kempe?€ Al
27} BAshe gl =Ao] 43 protoxins,
progenitor toxinsBEHZ A= Uiyl AR
7} &AM WA F& 99 vAd BEa
4 (protease) ol €8l 713t £A4& 4A dvin
st

BtAe] EZ 2] Wi rhH] 71WE BtA7l Al
Wadde e FeAd Agsid A73FA
2 Boj7hA Ache] #H]E dAldh= HoR &

Fig. 8. Infant rabbit with aged 2 months (A)
versus adult rabbit with aged 6 months
or older (B). Two weeks after intramu-
scular BtA injection. (A) Note relatively
diffuse degeneration of the myofibrils.
(B) There are partially degeneration of
myofibrils in the subsarcolemmal area.
(A, B: TEM, original magnification X
8,000).

A Jeu? AR ZFANAN BtAag G&o] o)
stedxe @7 FAEA BEAR] gk
Hirokawa $9& A7ZZd-lA BtAe 9%
d didteq Al7e] @EFE uf wizAl FRiEe
AENZe] Ca #Y9E BtA7} dAlslez 41434
=7} ad€cha 93, Blasi 9 43T
Welld AHAIIL stz Euj8 o B A
g2 @A (synaptic membrane protein)
¢l SNAP (synaptosomal-associated protein)
-25 & BtA7} A¥H e g EHAA Acetylcho-
line®] £H|7} JA €t s},

BtA FAE 9oie] A 24L B9
2 A7 A FARE 746 24 FsiolA b
EZc=gole] Fio] a4HI nEZE= o)
o] FHEE ARV AFEHR 2¥E
Wole 323t 27-& el Spencerst
McNeer?el gjsld nlEZ=2lol7l 23A F9
22 olFdte AL BtAo Q& =Ad#o]

Fig. 9. Control group (A) versus group for three
weeks after intramuscular BtA injection
(B). (A) Acetylcholinesterase activity
showing diffusely positive reactions in
the periphery of muscle fibers. (B)
Acetylcholinesterase activity of injection
group is mildly decrease in number of
positive fibers rather than control group,
which show not statistically signifcant in
the quantitative analysis. (A, B:
Acetylcholinesterase histochemistry,
original magnification x 100}.
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FE°] gle A FH] AF Holu 3] A
2 #(slow fiber)9] AAZHIFNAN sprou-
ting°] FEgActa 9k, Brown# Intron™
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2H(pre-termial axon)9] ¥lth 2 M2 A3
#o HEIAE AN FUM B
653 234 (axoplasm) & AR 27 AAA
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Acetylcholinestrase®= #H]¥ acetylcholine
€ choline2 & 71-E3lA 71 Eiolth BtAd
93] acetylcholine®] #H]7} A=A o|& 7}
E3)A171E AchEe] W3l tidle] Duchen™&
AchEe FdAHeo 2+ 74333 (subneural
apparatus) ol £X3A|3 BtA FALFE 4t
dolglE & utgh dRdcin gk B A
TFoM+ acetylcholine® #u¥] Ao u}&
AchEe] ¥3lE dolrr] 93l Karnovsky®t
Roots Wyl A gta dAE 48l AchE
E AFgHoz MRt 1 i BtAFANR
oAtz Wislel AchEZd 4t #Aase
7A8e JepldE=d ol Acetylcholine®] #H]
7t GAE7] Wil o]& &3k AchEx: 43
o2 ZAEA skt A=Y BATgHCE &
og ztol= ATk

A BtAE AJAAR] 85t ofet Kol WAt
Al = AMgE 3 gleng B Ao volo o}
E 2549 Atolg vlas] Bttt AAES 7
S 9otZo] ol E H&FQ 1FdM 2v Rt
SAHAL} AR 2R WA o A% Bz
YUElt T, Spencer B A4d 950 B} 1
A vlgke] fgoloa] BtAdd 97 ZEAe] ¢
ARTa Bt oA g Ho} ko] 4
&8s AT 1A vgke] A]7]of] FohRAAlel o
& BtA9] AME-S ZAAMSl AATHER B
A% &4 Fuz A4S Forl Had Ao
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