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COMPARISON OF THE ACTIVITY OF CL. BOTULINUM

NEUROTOXIN IN TWO STRAINS OF MICE ANZ

IN AXENIC VERSUS CONVENTIONAL RATS

BY IN-VITRO TEST METHODS

'MMARY

The basis of the greater sensitivity to the paralytic effect

of the neurotoxin of Clostridium botulin,, Type A, as exhib.-

ited by mice of the Charles River CD-i strain vcrsus t' Fort

Detrick strain (Fis.h, 1972), and by axenic versus convention-

ally bred animals (LaManna and Ward, 1970) was investigated.

In-vitro tests of tim of onset and degree of paralysis were

conducted :tin parallel on electrically-stiniulated phrenic

nerve-diaphragm prepaiations. Two preparations. one from an

animal of each 6tra n, were inersed together in the same

solutiA in an organ bath. The muscle contractions were re-

corded on separate chaiinel:, of a physiograph. By this means

the action of the toxin was eliciLed while by-passing such

factors as absorption, distribution, blood and tisue Airding.

The data showed no consiqteiit detectable difference between

axenic and conventional Fiscner strai , (F-344) rats in regard

to time of onset or egrce of paralysis. In a definitive

mouse experiment no difference -as noted between Charles

River and Fort Detrick strains. There was an indication in

axi in-vitro experiment, that the African White-Tailed Rat

( -romys albicaudatus) exhibits a great r sensitivity to

toxin Lhen the Charles River strain albino ra+. In-vivo,
Mystromys showed a greater varia~ility in sensitivity, but

similar LD50.
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Also investigated were the paralytic effects of toxin on the

pupil of the eye in-vitro, adapting the methods of Beaver

and Riker (1962). In this technique, the pupil of the eye is

observed and measured with a microscope reticle. Preliminary

data conf rmed the data of Ambache (1949), that the cut

central endings of the short ciliary nerves, which originate

at the ciliary ganglion and innervate the pupillary sphincter,

are effectively blocked by toxin. Mice of the Charles River

strain were compared with "'ort Detrick strain by the extent

of mydriasis produced or blockade of miosis after exposure to

cholinesterase inhibitors (parathion or ambenomium), electrical

field stimulation, or a ganglionic-stimulating agent, dimethyl-

phenylpiperazinium. The data are not conclusive regarding

sensitivity of the Charles River strain to botulinum toxin,

but do suggest on the basis of sensitivity to hemicholinium

in addition to the other data, that Fort Detrick mi-e have

greater in-vitro cholinergic activity as tested in this system.
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FOREWORD

This project was authorized by Contr -t No. DAHC 19-72-C-

0011, P-0001 by the U.S. Army Research - Durham. The direc-

tion and guidance provided by Dr. C. LaManna is gratefully

acknowledged.

In conducting the research desciibed in this report, the

investigator adhered to the "Guide for Laboratory Animal

Facilities and Care, as promulgated by the Committee on

The Guide for Laboratory Animal Resources, National Academy

of Sciences, National Research Council,

E7 'ECTS ON NEURO-MUSCULAR JUNCT"ON

PROBLEM

To compare the sensitivity in-vitro of neuromuscular junc-

tions and neural tissues of Charles River versus Fort Detrick

strains of mice, and of axenic versus conventional rats.

Fish (1972) reported that the lethal dose of botulinum toxin

Type A in mice of the Charles River strain was one-half that

of the Fort Detrick thus indicating a greater sensitivity of

the Charles River mice to botulinum toxin. LaManna and Ward

(1970) .:howed a similar sensitivity of a.enicilly-bred mice

as compared with converitionally-bred animals. The purpose

of this study was to investigate whether there is an intrinsic

difference between mot0;e str-.ins in neural sensitivity to

botUlinum tuoiii. For j his purpose in-vitro nerve-muscle

N: -.
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preparations were studied. The processes of absorption,

distribution and tissue binding are therefore by-passed in

this study.

MATERIALS AND METHODS

Isolated phrenic nerve-diaphragm tissues were prepared accord-

ing to the methods of Bulbring (1946). These were mounted in

a 100-ml tissue chamber surrounded by a thermostatically con-

trolled water bath maintained at 37*C. The tissues were

bathed in Krebs-Henseleit solution, while being continually

gassed with 95% 02-5% CO2 . In each experimental procedure,

two isolated preparations were run in parallel in the same

bath. Electrical field stimulation of the phrenic Anerve was

provided by the stimulator portion of a eathkit Impscope

through silver elect-odes. Miaximal isotonic or Jsometi-ic

contractions elicited were converted to electricai siqnals by

transducer arrangements for recording on separate channels of

a physiograph (Narco Biosystems, *ioouston). Either a pressure

transducer or a displacemenL transducer was utilized. In

many experiments the sensitivity cf the preparations to D-

tubocura ine was tested prior to a,-dng toxin to the bathing

solution. This assured electrical stimuli eliciting muscular
conLractions indirectly via the neuromuscular junction rather

than by a direct effect on muscle fibers. In these experi-

ments the time for complete paralysis to develop was deter-

mined and compared.

Crystalline Type A toxin was furnished through the courtesy

of Dr. L ward A. Schantz. A stock solution of toxin contain-

ing 106.4 mouse lethal dose units/ml in an acetate buffer at
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pH 4 w s kept in a refrigerator. The working solutions were

prepared by dilution with phosphate buffered saline at pH 7.4

before addition to the tissue bath.

Mice of the Charles River CD-I strain and rats (both axenic

and conventional) of Fischer strain (F-344) were obtained

from Charles River Breeding Laboratories, Inc. Axenic rats

were shipped in groups of two in special containers to main-

tain the germ-free state. The axenic animals were used within

several days of receipt. Fort Detrick mice had been pre-

viously received (Fish, 1972). In some instances the proger.y

obtained from breeding these mice in this laboratory were

used in tdis study.

In several experiments nerve-muscle preprat-ons of the

African White-Tailed Rat (ystromys albicaudatus) of a special

lony maintained at this laboratory were compared with the

Charles River strain rat (Sprague-Dawley). The African White-

Tailed rat has been reported to exhibit resistance to radio-

activity (Knott1 Wright and Bleiberg, 1969) which is attribut-

able by some to a sterile gastro-intestinal tract and relative

state ot dehydration (Hall, et al. 1967). It was therefore

believed of interest to test effects of toxin on the neuro-

muscular junction of this strain.

RES ULTS

Charles River versus Fort Dotrick Mice

Toxin Added Time Results

1 x 106.4 units 4 hrs Incomplete blockade (approxi-
mately 80%); degree of blockade
similar in each strain
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The mouse preparation was delicate and somewhat tedious to

prepare and use.

Axenic versus Conventional Rats

Toxin Added Time Results

I x 106 .4 units 3 hrs Essentially complete paralysis
both rats; no remarkable dii-
ference

2 x 10 .4 units 6.4 hrs Essentially complete pn: alysis
both rats; no remarkable dif-
ference

2 x 10 b.4 units 1.5 hrs Essentially complete paralysis
both rats; no remarkable dif-
ference

Mystromys versus Charles River Rats

f1Obxin Added Time Results

I x 106 4 units 5 hrs Lqual effect

1 x 1 0 "4 units 1.5 hrs Mystroty! showed .reater block-
fresh solution ade

Mouse preparations were somewhat fragile and difficult to

maintain. A good preparation was one which showed a defini-

tive ofect and, prior to the addilion of toxin, showed

sensitivity to D-tubocurarine (Fiqu.e 1). One experiment

showed blockade of contractions four hours after auding 106 . 4

mouse lethal dose units of toxin to the bath which was par-

allel in preparations from Charles River CD-I and Fort Detrick

mice. Therefore, further work was done with rats.
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The preparations of t;-D Fischer strain rat were more robust.

These showed esseantially complete pa-alysis between 1.5 to

3.0 hours after adding 1-2 ml of 106.4 mouse lethal d'se

units of toxin to the bath (Figure 2). Addition c- smaller

amounts of t in were without detectible effect within six

hours, the duration of these experiments. No remarkable

differences were noted between preparations from axenic and

conventionally raised animals.

IN-VIVO STUDIES - COMPARISON OF MYSTROMYS ALBICAUDATUS

WITH CHARLES RIVER RATS

A range-finding study was conducted to compare the toxicity

of botulinum neurotoxin Type A in Mystromys with its toxicity

for the Charles River cat.

Rats or Mystromys received interperitoneal injections of

serial dilutions of toxin prepaced from a stock solution con-
6.4taining 10 mouse lethal dose units per mi. Injections of

1-ml volume were administered. The results are presented in

SUMMARY

The iata indicate that there is greater variability in tox-

icity of botulinum toxin in My tromys as compared to the

Charles River iat. The median lethal dose wrz aL-.oximately

103 mouse lethal dose units (MLD) in both species.

An obser ,;tion of interest was a severe atrophy of both hind

limbs noted in onu Mystromyz, 12 days afteL .jection of

1:10,000 dilution k_0 MLD). This animal survived the
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TABLE 1

COIPARISON OF MYSTROMYS ALBICAUDATUS

WITh CHARLES RIVER STRAIN RATS (SPRAGUE DAWLEY)

6.4
VMATERIAL TESTED: Botulinum toxin - 10 units/ml in

acetate buffer, pH - 4.0

ROUTE OF ADMINISTRATION: Intraperitoneal, two animals

per dose level

DOSAGE LEVEL: 1 ml/animal

DILUE-NT: Phosphate buffered saline, containing gelatin,

pHl 7.4

Mortality after Injection
Mlystromys

Dilution Da1 Day 2 Day 4 Da12

Undi,.utod 2 2 2 2
2 2 2 2

1 :1) 0 1 1 1 1

1-..L OLu 1 1 i 1
1:1 000 0 0 0 1

Mortality after Injection

Dilu~~Day 4y ay Day=~

Undi .. uted 1 1 2 2
1:1 2 2 2 2
1: ) 1 2 2 2
.1 000 0 0 0 0
S1:1003 0 0 0 0

LD5 0" 10 mouse lethal dose unit-s for each species
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immediate acute effects of toxin but was found dead in the
cage with the atrophy noted. Local hemorrhage and necrosis
evidently contributed to the death,

EFFECTS ON EYE

PROBLEM

To compare the in-vitro sensitivities of post-ganglionic
cholinergic nerves of Charles River versus Fort Detrick

strains of mice to botulinum neurotoxin.

MATRIALS AND METHODS

The method of Beaver and Riker (1962) for the study of the
isolated eye was adapted for the purposes of this investiga-
tion. The pupillary diameter serves as a measure of release
of acetylcholine at the synapse of the short ciliary nerves

with the sphincter of the rupil. This, in turn, depends on
the activity of the short (,iliary nerves. The central end-
ings of the short ciliary nerves were, in turn, levered from

the ciliary ganglion.

Amnbache (1949) showed that Type A botulinum neurotoxin has
no appreciable effect on either sensory or adrenergic nerve
fibers within the eye but that it affects cholinergic fibers
specifically. Ambache also states that the cholinergic

paralysis is not due to existence of a block between trans-
mitter and effector cell. He showed that the pupil of the

rabbit eye does not respond to light by miosis after
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periocular injection of toxin. The paralysis was attrib-

utable to blockade of the short ciliary nerves.

Mice were sacrificed by cervical fracture or injection of

parathion. Eyes were enucleated using sharp scissors and

placed in holes drilled in black Plexiglass plates for this

purpose, and bathed in Krebs-Henseleit bic.arbonate solution

contained in Lucite dishes. The solution was gased with

95% 02-5% CO2 and maintained at 381C by a thermostatically

maintained water bath. The eyes were viewed through a

microscope containing a calibrated reticle. Because the

iris is not pigmented a dark background facilitated distin-

guishing the outline of the pupil. The size of the pupil

was measured at each viewing. Observations of pupillary

diameter were made at 10- to 30-minute intervals for up to

six hours.

At least one-half hour was allowed after enucleation for

equilibrium to be ustablished before further procedures

were carried out.

Several procedures were tried. The aim of these waa to

stimulate the cut endings of the short ciliary nerves to

induce miosis and to compare treated eyes with control eyes.

It was expected tha eyes treated with botulinum toxin

would not show miosis and that the extent of mydriasis would

reflect the sensitivity to toxin.

The procedures examined were electrical field stimulation

(squ~ro waves 240 pulses/iinute, 50 volts); sacrifice of the
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mice by systemic injection of parathion, a cnolinesterase

inhibitor, to induce miosis; addition of cholinesterase

inhibitors in-vitro; and addition of a ganglionic stimu-

lating agent, dimethyl phenylpiperazinium in-vitro. In

later experiments one eye of each mouse served as a contro3l

and was not exposed to botulii im toxin. In two experiments

hemicholinium-3, a compound which depletes nerve of acetyl-

choline by blocking its synthesis, was tested.

RESULTS

In most instances the effects in Fort Detrick and Charles

River mice were parallel. The observation of Beaver and

Riker (1966), that the pupils slowly dilate after enuclea-

tion of the eyes, was confirmed.

In several experiments, eyes which were placed in a solution

containing toxin (1 ml of stock solution) immediately after

removal dilated to a greater extent than parallel controls

placed in Krebs solution only (Table 2). In experiments

1 and 2 eyes of Charles River mice showed a greater dilata-

tion than those of Fort Detrick mice, but this was not iuarxd.

In all three experiments the mean of Charles River mice was

greater than Fort Detrick micei The dilAation was similar

to that observed by Beaver and Riker (op cit), who state that

enucleated eyes, placeQ in solutions containing -tropine,

dilate to a greater extent than those pl1ced in Krebs solu-

tion only. They stated that if the control =yes were then

placed in atropine no furtf-r dilatation occurred.
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TABLE 2

COMPARISON OF ENUCLEATED EYES PLACED IN SOLUTIONS

CONTAINING BOTULINUM TOXI' VESUS CONTROL EYES

Experiment Char -ie a _ ce Fort IA._ _

_______ ontro1 ____ IYI 7oxXnI'Y T

Immediately after addition of Ambenomium (0.5%) to bath

1 1.6 2.4 0,8 2,0 2.3 0.3
1.8 2.1 0.3 2.2 2.1 -0.1

2 1.9 2.1 0.2 2.1 2.1 0.0
1.6 2.1 0.5 1.8 2 1, 0.3

3 2.4 2.4 0.0 2.1 2.5 .0.4
2.4 2.4 00 2.3 2.5 0.2

Three hours after addition of Ambenomium (0,5% to bath

2 0.7 1.8 1.1 0.6 1.4 0.8
0.8 1,9 1.1 0.7 2.0 1.3

3 0.7 1.9 1.2 0,7 1. 0.8
1.1 1.9 0.8 1.2 2,1 0.9

division)

Three experiments were conduicte in which mbenomiu (0,5%)

was added to the bathing solution containing the eyes and
miosis developed (Tible 2). Corntrol eyes of each mouse

strain ziiowed a similur degree of miosiz. iosis was
blocked in botulinum-treated eyes of each strain to a Situ-

ilar extent.
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Tn one of four experiments in which mice were sacrificed with

systemic injection of 10% parathion, there was an indication

of a strain diffe,7ence (Table 3). In this -ozeriment (ixpcr-
iment 4) imiosis had not developed after enucleati.. of Lhc
eye, but slowly became evident even after addition of toxin to

the bath. A greater degree of miosis was not 1 in the pupils

of Fort Detrick mice, reflecting greater cholinergic activity.

TABLE 3

DIAMETERS OF ENUCLEATED EYES OF MICE AFTEl'. SACRIFICE

WITH PARATHION EFFECT OF BOTULINUM TOXIN IN-VIYRO*

(IN PRESENCE OF LLECTRICAL FIELD STIiUTATION)

C1ar ar~es ice For Det.i T 1h 1 tc e1pi f ore Afer 6 . eoi re Afte r 7t'. t

1" 0.3 2.0 1.7 0.7 1J3 1.1
0.5 1.9 1.4 0.5 2.0 1.5

2 0.2 2 U 1. 0. 2 2.0
U. 1.5 1.3 0 2.1 1.9

3 O.1 2.0 i.9 0.1 1.9
0.2 1.5 1.3 0.2 1.5 .1.3

4 U.8 0.8 0.0 1,0 0.4 -O.t
1.1 0.7 -0.4 .i.0 0.b -0.4

* Eye diameters in reticle divisions (I nitni 1.5 reticle
division)
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An experiment was conducted in which scop -.amine was used

to achieve maximal dilatation of the eye (Table 4).

TABLE 4

COMPARISON OF SENSITIVITY OF ENUCLEATED EYES OF MICE

SACRIFICED WITH PARATHION TO HEMICHOLINIUM-3 (HC-3)

FOLLOWED BY SCOPOLAMINE*

(IN PRESENCE OF ELECTRICAL FIELD STIMULATION)

: ha-.sRae Mc Fort Detriek Mice:..
Experiment c ei- erDi-er B~rtDt'T R

c- -- E5 -ifrn

1 0.5 1.9 1.4 (2.5)** 0.5 1.3 0.8 (.2.0).0.5. 1.8 1.3 (2.4) •0. 7 1.8 1. i (21. 1)

2 0.9 1.8 !.1 1.0 1.5 0.5
.G 1 o08 1.. 1.7 0.6

* Eye diameters in reticle divisions (U nm 1.5 reticle
division

** Number within parenthesis is diameter after scopolamine.

In two experiments in which henicholinium-3 was addoed in place

of botulinum toxin, Charles River mice were more Sensitive

-Table 4).

Dimethylphenylpiperazinium and electrical stimulation did not

reveal any difference between strains of mice when tested on

botulinum-treated eyes, although blockade of effects was noted

in some instances.

__-.-
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The isolated eye prepararation of Reaver and Riker presents
several practical technical difficultie.;. When used with eyes
of albino animals, the lack of pigment in the iris presents
the problem of adequately viewing the outline of the pupil.

FHowever, the use of subdued light and a dark background against

the eyes facilitated distinguishinq the pupil. The dose-
response curve to cholinergic agents showed a low sensitivity

as compared to other isolated preparations such as the ileumn
and responses developed slowly. Moreover, as stated by

beaver and Riker, reversibility of drug effect was not readily
j achieved. They showed that the cornea of the eye presents a

formidable barrier to the passage of drugs within the eye.
Thus the px,_sent res.l'ts are believed to reflect activity at
cut ciliary nerve endings rather than post-ganglionic effects
directly at intra-ocular rece t- rs and required the use of high
concentrations of drugs, espex. .1ly of iosttetfec.

Stimulation of the snort ciliary nerves in the intact animal

has been shown to produce contraction of the pupillary sphil o
(Westheimer and Blair, 1.973). Llectrical, field. stimulation o f
thle isolated eye preparation was effctv inndin iis

*The data of tIhese experimients must be regarded as preliminary

because of the practical difficulties preseanted by this prepara-

tion.,

Phxarmacologi1st

Submittedi July 27, 1973
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