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Abstract
Axon degeneration is a common hallmark of many neurodegenerative diseases. There is now an
abundance of spontaneous and genetically engineered mice available to study the mechanisms of
axonal degeneration and to screen for axonal protective agents. However, many of these mouse
models exhibit slow progressive axonal loss which can span over many months. Consequently,
there is a pressing need to accelerate the pace of axonal loss over a short interval for high-
throughput screening of pharmacological and genetic therapies. Here, we present a novel
technique using acrylamide, an axonal neurotoxin, to provoke rapid axonal degeneration in murine
models of neuropathies. The progressive axonal loss which typically occurs over 8 months was
reproduced within 7 to 10 days of the acrylamide intoxication. This approach was successfully
applied to Myelin Associated Glycoprotein knockout (MAG−/−) mouse and Trembler-J mouse, a
popular murine model of Charcot-Marie-Tooth disease type 1 (CMT-1). Acrylamide intoxication
in transgenic mouse models offers a novel experimental approach to accelerate the rate of axonal
loss over short intervals for timely in vivo studies of nerve degeneration. This report also provides
for the first time an animal model for medication or toxin induced exacerbation of pre-existing
neuropathies, a phenomenon widely reported in patients with neuropathies.
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INTRODUCTION
Axonal degeneration is a major feature of many disorders of the nervous system, including
peripheral neuropathy, spinal cord and head injury, stroke, and even primary demyelinating
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diseases such as multiple sclerosis and Charcot-Marie-Tooth (CMT). Axonal degeneration
accounts for much of the irreversible clinical deficits seen in these disorders (Krajewski et
al., 2000; Trapp et al., 1998). Intensive research has focused on molecules and signaling
pathways that promote or inhibit axonal degeneration. Widely used genetically engineered
mice now offer new tools for detailed studies of axonal degeneration and protection. A
limitation in many of these murine models is the slow rate of axonal loss over many months.
For certain in vivo studies such as screening of pharmacological and genetic therapies, there
is a need for a practical and reliable technique to increase the rate of axonal degeneration so
that these mice can be studied at a relative young age and over short intervals.

As early as the 1950s, researchers realized that industrial workers exposed to acrylamide
developed peripheral neuropathy characterized by a stocking-and-glove distribution of
sensory, motor, and autonomic deficits (Auld and Bedwell, 1967; Garland and Patterson,
1967). More recent studies showed that pre-existing peripheral neuropathy is a widely
accepted risk factor for increased susceptibility to neurotoxic agents (Chaudhry et al., 2003).
A well-known example of this phenomenon is the aggravation of CMT by chemotherapy.
Vincristine, a widely used vinca alkaloid employed as a first line chemotherapeutic agent
with axonal toxic effect similar to acrylamide, has been very well documented to accelerate
neuropathy in Charcot Marie tooth patients (CMT) (Dickerhoff et al., 1988; Griffiths et al.,
1985; Hayakawa et al., 1998; Olek et al., 1999). In one recent study, the minimum threshold
for vincristine induced sensory neuropathy was observed at 8 mg in the general population,
while similar exacerbation of symptoms in CMT patients was seen as low as 2 mg (Weimer
and Podwall, 2006). This vincristine induced increased neuropathy is often severe enough in
CMT patients for further chemotherapy to be discontinued (Graf et al., 1996; Martino et al.,
2005).

Similar to humans, laboratory animals also develop distal axonopathy of the “dying-back
type” when they are exposed to acrylamide (Griffin et al., 1977; Ko et al., 1999; Nguyen et
al., 2009; Schaumburg et al., 1974). To date, there is no published report on the effect of
acrylamide or other neurotoxic agents on the pace of nerve degeneration in laboratory
animals with pre-existing neuropathies (Weimer and Podwall, 2006). We hypothesize that
neurotoxins, such as acrylamide, may quicken the pace of axonal loss in laboratory animals
with pre-existing neuropathy in a manner similar to that seen in patients with neuropathies.

Here we developed a novel system where acrylamide is used to induce rapid axonal loss in
genetically engineered mouse models of neuropathies. The ready availability of pure
acrylamide and its ability to reliably reproduce a robust model of distal axonal degeneration
in laboratory animals encouraged its use as an axonal toxic agent in this study (Griffin et al.,
1977; Ko et al., 1999; Nguyen et al., 2009; Schaumburg et al., 1974). In applying this
paradigm to transgenic mouse models of neuropathy, we observed a marked acceleration of
distal axonal loss, whereby the axonal loss which typically occurs over 8–10 months was
reproduced following 7 to 10 days of acrylamide intoxication. We have successfully applied
this system to two transgenic mouse models, MAG knockout and Trembler-J mice, a murine
model of CMT-1. Both represent commonly used mouse models characterized by slowly
progressive axonal loss occurring over 8–12 months. The effectiveness of this system was
demonstrated by a combination of behavioral, electrophysiological, and immuno-
pathological studies. This method offers a feasible and unique in vivo system (i) to model
toxin induced exacerbation of pre-existing neuropathy as seen in patients and (ii) to
accelerate the axonal degeneration process in transgenic mouse models so that relative
young mice can be used to study nerve degeneration over short interval for timely studies of
axonal degeneration and screening of neuroprotective agents.
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MATERIAL AND METHODS
Animals

Male Trembler J (TrJ) mice (6 weeks old) were obtained from the Jackson’s laboratory.
Littermate wild-type mice were used as control animals for TrJ mice.

MAG −/− founder mice, kindly provided by Dr. John Roder, University of Toronto, Ontario,
Canada, were constructed by disruption of exon 5 of the MAG gene as previously reported
(Ng et al., 1996). The strain provided (identical to that available from the Jackson
Laboratory, Bar Harbor, ME) was on a C57BL/6, 129 inbred strains and CD1 random bred
strain. To enhance comparisons between mutant strains, mutant mice were repeatedly back-
crossed onto a C57BL/6 background to >99% strain purity (Nguyen et al., 2009; Pan et al.,
2005). All animal protocols were approved by Johns Hopkins University Animal Care and
Use Committee (ACUC)

Acrylamide treatment
Groups of five 6-week-old male mice were treated with acrylamide ad libitum by adding
acrylamide to the drinking water at 400mg/kg. Control mice drank regular water. Five mice
were housed in each plastic cage throughout the experimental period. Experimental
procedures followed the principles in the “Use of Animals in Toxicology” and NIH
guidelines (“Guide for the Care and Use of Laboratory Animals,” NIH Publication No. 86–
23, 1985).

Rotarod studies
Groups of five mice were trained one week prior to acrylamide treatment on 3 consecutive
days by performing the Rotarod at a constant speed of 4 rotation per minute (rpm) on day 1
and 8 rpm on day 2 and 3 for 3 minutes (pre-training), followed by an accelerating protocol
in which the speed of rotation was initially set at 4 rpm and accelerated an additional 4 rpm
every 30 seconds to a maximum of 40 rpm (Rotamex 28, Columbus instruments, Columbus
Ohio). Due to the severity of the pre-existing phenotypes all trembler mice experiments
were initially set at 2rpm and accelerated every 30 seconds to a maximum of 40 rpms. Three
trials were performed on each mouse on each of 3 consecutive days with approximately 30
minutes rest between trials. Following initiation of acrylamide treatment, the mice were
further trained for another 3 consecutive days. Seven to ten days after acrylamide
intoxication, mice were again pre-trained and tested for 3 days, 3 trials per day.

To analyze data, we recorded the speed and duration during which the mouse stayed on the
rod. Results of all 3 trials of each test date pooled to generate a mean and SEM (n= 15).
Results were compared by two-tailed Students t-test. Values of p<0.05 were considered
significant. The tester was blinded to the treatment. No mice or values were excluded.

Electrophysiological studies
Nerve conduction studies were performed on groups of five mice at 6–8 weeks, 6 months,
and 8 months of age. The mice were anesthetized with isofluorane using a nose cone. Body
temperature was maintained on a warm blanket to keep the surface temperature at 32°C
prior to the taking of measurements. All compound motor action potentials (CMAP)
measurements were performed with a Power Lab signal acquisition setup (AD Instruments,
Colorado Springs, CO, USA). The CMAPs were measured by stimulation with subdermal
needle electrodes placed near the sciatic nerve at the sciatic notch at a 50 mV range.
Recording electrodes were placed in the tibial nerve-innervated intrinsic foot muscles in the
plantar surface. Recordings were made with supramaximal stimulation at a 500 mV range
with a time base of 100 kHz over 10 ms and with 1250 samples. We determined the
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latencies, negative peak amplitudes, and durations of the sciatic compound muscle action
potentials. The distance between stimulation sites, determined by calipers, was also used to
calculate conduction velocities. CMAP measurements were obtained at the initiation of
acrylamide intoxication and 7–10 days after intoxication. Results of all readings were pooled
to generate a mean and SEM. (n= 8). Results were compared by the two-tailed Students t-
test. Values of p<0.05 were considered significant. The tester was blinded to the treatment.
No mice or values were excluded.

Grip strength
To train and acclimatize the animals, each mouse was guided for 5 min to pull slanted grid
of the grip strength meter 3–4 times before any readings were recorded. Grip strength was
measured using a grip strength meter (Almemo 2450 Berlin, Germany). The grip strength
meter consists of a digital display coupled with a force transducer and a metal plate grid
trapeze. Each mouse was placed on the metal grid and was pulled by its tail with increasing
force until it was unable to grasp the trapeze and the grip was broken. The grip strength
digitally captures and displays the peak pull-force achieved. Grip strength was defined as the
peak weight (g) indicated on the display. Individual recordings were pooled to generate a
mean and SEM. (n= 8). Results were compared by the two-tailed Students t-test. Values of
p<0.05 were considered significant. The tester was blinded to the treatment. No mice or
values were excluded.

Thermal latency
Timed latency to hind limb withdrawal was assessed at 32° C (IITC life sciences Model 400
heated base, woodlands Hills, C.A). Following brief radiant heat exposure aimed at the
ventral aspect of the paw from a heated lamp applied through a temperature modulated
Plexiglas, thermal latency was recorded (four trials, 2 minutes apart) on mice from each
group; age timeline and acrylamide treatment for both MAG−/− and Trembler-J mice, (n=8).
Results of all recorded latencies were pooled to generate a mean and SEM. (n= 8). Results
were compared by two-tailed Students t-test. Values of p<0.05 were considered significant.
The tester was blinded to the treatment. No mice or values were excluded.

Morphological analysis
Mice were anesthetized with chloral hydrate and perfused through the ascending aorta with
freshly prepared 4% paraformaldehyde in 0.1 M sodium phosphate (pH-7.4). Eight mice
were used in each group. The feet, skin, diaphragm, and sciatic and distal tibial nerves were
harvested from groups of mice at 6, 12, and 15 months of age. Harvested tissues were
further fixed in 4% paraformaldehyde / 3% glutaraldehyde in Sorenson’s buffer overnight at
4°C, post-fixed in OsO4, and embedded in Epon-Araldite resin.

Immunostaining
Specimen (i.e., footpad and gastrocnemius muscle) were permeabilized by immersion in
−20°C acetone for 10 min, blocked at room temperature for at least 1 hr in 5% Normal goat
serum, and 3% BSA containing 0.5% Triton X-100 and 0.1% DMSO in PBS, and incubated
for 24–48 hours at 4°C with various primary antibodies diluted in blocking solution. After
incubating with the primary antibodies; SMI 32R,1:1000 (Covance), slides and whole
mounts were thoroughly washed and re-blocked with blocking buffer for 1 hr. Samples were
then incubated with the appropriate fluorescein and rhodamine, conjugated cross-affinity-
purified secondary antibodies; diluted 1:100; Jackson ImmunoResearch Laboratories,
bungarotoxin, 1:500 (Sigma Aldrich, St. Louis, MO, USA) for 4 hrs, and mounted with
Vectashield (Vector Laboratories, Burlingame, CA). All slides were examined with the
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EGFP 38 He filter and rhodamine filters using the Axiovision v.4.8 software on a Zeiss
Axioimager. Z1 microscope (Zeiss, Munich, Germany).

RESULTS
Axonal Degeneration in Trembler-J Mice

Trembler J (TrJ) mouse represents a classic model of Charcot-Marie-Tooth disease type 1, a
common inherited human demyelinating disorder. TrJ mouse has a point mutation in PmP22
which results in myelin loss and slowly progressive distal axonal degeneration over many
months (Valentijn et al., 1992). There were mild abnormalities in 6-week old TrJ mice
consistent with current literature (Meekins et al., 2004; Street et al., 2002; Tanaka and
Hirokawa, 2002). On gross observation, there was only mild gait unsteadiness. On
immunostaining, some small distal nerve branches fragmentation was observed. There was
also a mild characteristic swelling in the terminal branches in the foot pad and NMJ
denervation in the gastrocnemius muscle (Fig. 1. A, B). To understand the functional
significance of pathological abnormalities, we performed nerve conduction studies on motor
nerves, which showed significantly delayed distal motor latencies (1.25 +/− 0.09 msec) in 6-
week old TrJ mice compared to the latencies (2.04 +/− 0.12 msec) in normal littermates.
This indicates a primary demyelinating process, an observation consistent with the existing
literature (Meekins et al., 2004). However, chronic demyelination results in secondary
progressive axonal loss (Henry et al., 1983, Heath et al., 1991, Nguyen et al., 2009).
Trembler J mice showed significantly smaller CMAP amplitudes in comparison those in
normal littermates (Fig. 1. C; Fig. 2. B). When challenged with the Rotarod test, 6-week old
Trembler J mice had mild difficulty in maintaining their balance on the rotating rods and had
a modest decline in retention time on the Rotarod (Fig. 1. D).

By 8 months of age, the TrJ mice showed markedly impaired gait with severe sensory ataxia
and spreading of the toes of the hind limbs and dragging of the hind limbs. On
immunostraining, many small distal nerve branches were fragmented or absent. There was
severe characteristic swelling in the terminal branches in the foot pad and most NMJ were
denervated in the gastrocnemius muscle (Fig. 1. A, B). This was accompanied by barely
recordable CMAP responses around 1.6 mV (Fig. 1. C), a finding consistent with a
secondary slowly progressive axonal loss. Note that 6 week old TrJ mice showed
significantly smaller CMAP amplitudes in comparison those in normal littermates. This pre-
existing axonal damage in TrJ mice may have masked an even higher statistical significant
axonal loss associated with aging. When challenged with the Rotarod test, 8 month old TrJ

mice showed severe motor impairment. Most 8 month old TrJ mice fell off the rod even
during pre-training and had profound decline in the retention time on the Rotarod (Fig. 1.
D). The severe motor impairment observed in 8 month old trembler J mice was reinforced
by a significant decline in the grip strength as well as prolonged thermal latencies after
stimulation with a focused heat source (Fig. 1. E, F). Consistent with previous studies, the
morphological analysis showed only mild signs of axonal degeneration in the proximal
sciatic nerve (data not shown), indicating that the pathological changes began from the most
terminal parts of axons and evolved proximally.

Acrylamide Intoxication in Wild-type and Trembler-J Mice
We speculated that the TrJ mice have increased vulnerability and consequently accelerated
axonal degeneration when they are exposed to axonal neurotoxins. To evaluate the utility of
acrylamide in inducing an acceleration of the axonal degeneration in mice with pre-existing
neuropathy, we administered acrylamide to 6-week old TrJ mice and age-matched C57BL/
6J normal littermates ad libitum. All mice were exposed to 400 ppm acrylamide dissolved in
the mice drinking water. When control mice at 6 weeks of age were exposed to 400 ppm
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acrylamide in drinking water for 7 days, there was scattered, distally predominant axonal
degeneration in the tibial nerve (Fig. 2. A). On gross observation, there was only mild gait
unsteadiness. When challenged with the Rotarod test, acrylamide intoxicated control mice
had mild difficulty in maintaining their balance on the rotating rods and had a modest
decline in retention time on the Rotarod in comparison with untreated mice (Fig. 2. C). This
decrease was accompanied by a small (statistically insignificant) decrease in compound
motor action potential (CMAP) amplitude on electrophysiological testing (Fig. 2. B).

In contrast, TrJ mice exposed to acrylamide showed markedly impaired gait with severe
sensory ataxia, spreading of the toes of the hind limbs as well as dragging of hind limbs. At
baseline, trembler mice had lower retention time on a Rotarod in comparison to control
littermates. Acrylamide treated TrJ mice developed more rapid and severe motor
impairment. Most TrJ mice treated with acrylamide fell off the rod even during pre-training
and had profound decline in the retention time on the Rotarod (Fig. 2. G). The grip strength
was similarly significantly decreased and the thermal latency was also prolonged, compared
to the untreated TrJ mice (Fig. 2. H, I). Furthermore there were barely recordable CMAP
responses in the acrylamide treated TrJ mice compared to the untreated TrJ mice (Fig. 2. F).
However, the morphological analysis of the proximal sciatic nerve showed only minimal
signs of axonal degeneration (data not shown), a finding consistent with rapid, progressive
distally predominant axonal degeneration (Fig. 2. D, E). Taken together, the 6 week old TrJ

mice exposed to 7 days of acrylamide showed comparable pathological, behavioral, and
electrophysiogical findings as those seen in untreated 8 month old Trembler J mice.

Acrylamide intoxicated MAG−/− mice
We next asked whether acrylamide likewise increases the pace of axonal degeneration in
other transgenic mouse models of neuropathies. We have previously reported that MAG−/−
mice underwent progressive axonal degeneration within the PNS over many months
(Nguyen et al., 2009). The numbers of intact nerve fibers and those undergoing degeneration
were enumerated in tibial nerve. We have also previously reported a distally predominant
progressive decrease in axonal numbers, cumulating in a 22% reduction by 9 months in the
tibial nerves of MAG−/− (Nguyen et al., 2009; Pan et al., 2005; Yin et al., 1998). Here we
show characteristic denervated NMJs in the distal limbs, fragmentation and degenerated
nerve terminals in the footpad (Fig. 3. A,B), reduced CMAP amplitude (Fig. 1. C),
decreased retention time on a Rotarod (Fig. 3. D) as well as decreased grip strength in 8
month old MAG knockout mice. Thermal latency was also significantly elevated in 8 month
old MAG knockout mice in comparison to untreated 6 week old MAG−/− mice (Fig. 3.
E,F).

To evaluate whether acrylamide accelerates the axonal degeneration in MAG−/− mice, 6
weeks old MAG−/− mice were exposed to acrylamide for 10 days. We observed noticeably
impaired gait with marked sensory ataxia, spreading of the toes of the hind limbs as well as
dragging of the hind limbs by day 10. This observation was further reinforced by profound
swelling in the nerve terminals in the foot pad and NMJs in the distal limbs (Fig. 4. A,B). At
baseline, MAG knock-out mice had slightly lower retention time on the rotarod than wild-
type controls. Like the TrJ mice following acrylamide intoxication, MAG knock-out mice
developed severe motor impairment. There was a 45% decrease in amplitudes of CMAP
after 10 days of acrylamide treatment (Fig. 4. C), and a profound decline in the retention
time on the rotarod (Fig. 4. D). Similarly the grip strength was markedly reduced while the
thermal latency was significantly prolonged in the MAG knockout mice treated with
acrylamide in comparison comparison to the untreated littermates (Fig. 4. E, F). In
summary, acrylamide intoxicated 6-week MAG−/− mice showed similar but more severe
pathological, electrophysiogical, and behavioral changes in comparison to untreated MAG−/
− mice at 8 months of age.
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DISCUSSION
Acrylamide neuropathy has been a popular experimental animal model for studying the
processes of axonal transport (Miller and Spencer 1984; Gold et al 1985), dying-back
neuropathy (Schaumburg et al 1974), and axonal swelling. Acting as an electrophile,
acrylamide interacts with neurophilic sulfhydryl groups in axonal proteins to form
neurotoxic adducts which inactivate critical axonal proteins (Hashimoto and Aldridge, 1970,
Miller and Spencer, 1985, LoPachin et al., 2007). Acrylamide induces changes in axonal
transport proteins like neurofilaments and microtubules, resulting in a dysfunction of
retrograde axonal transport (Miller et al., 1983, Miller and Spencer, 1984). The decreased
availability of essential elements also is thought to play a major role in distal retrograde
axonal degeneration (Hashimoto and Aldridge, 1970, Miller and Spencer, 1985). The ability
of acrylamide to reliably reproduce a model for toxic neuropathy in laboratory animals and
the ready availability of pure acrylamide has made it a particularly suitable model for drug
development studies, particularly for this type of distal retrograde axonal degeneration.
When acrylamide was applied to two transgenic mouse models of neuropathies, we observed
that (i) the distal progressive axonal loss which typically occurs over 8 months was
reproduced within 7 to 10 days of acrylamide intoxication and (ii) the pathological,
behavioral, and electrophysiological changes in acrylamide treated transgenic mice at 7 days
were the same as those observed in the untreated mice at 8 months of age.

Acrylamide intoxication accelerates axonal degeneration
In humans, a pre-existing neuropathy can be severely aggravated by exposure to toxic
agents. The best example is exacerbation of CMT by chemotherapy (Chaudhry et al., 2003;
Dickerhoff et al., 1988; Graf et al., 1996). Patients with pre-existing neuropathy such as
Charcot-Marie-Tooth disease have been reported to develop a faster pace of nerve
degeneration after toxin or drug exposure (Chaudhry et al., 2003; Weimer and Podwall,
2006). This represents a major clinical challenge in treating patients with neuropathies.
However, research into this disease process has been hampered by the lack of a laboratory
model.

This report clearly demonstrates the influence of existing neuropathy on increased
susceptibility to axonal degeneration by employing acrylamide intoxication in two
transgenic mouse models of neuropathies. The model presented here offers the first animal
model for medication or toxin induced exacerbation of pre-existing neuropathy. Our data
demonstrate that the progressive axonal loss which typically occurring over 8 to 9 months in
transgenic mice with pre-existing neuropathy was reproduced within 7 to 10 days following
exposure to acrylamide. In contrast, control wild-type mice did not show significant
pathological, behavioral, or electrophysiological changes with the same acrylamide
treatment and over the same duration.

This highlights the potential hazard of exposure to neurotoxic drugs in patients with pre-
existing neuropathy. Dissecting the mechanism for medication or toxin induced exacerbation
of neuropathy in previously existing clinical conditions like Charcot Marie Tooth (CMT)
remains a desirable but elusive challenge (Weimer and Podwall, 2006). The animal model
introduced here would make it possible to begin to detailed studies of the mechanism of
toxin induced acceleration of neuropathy and drug development studies, particularly for
distal retrograde axonal degeneration.

A model for rapid in vivo screening axonal protective agents
There is now intensive research on the molecules and signaling pathways that prevent
axonal degeneration resulting in potentially new axonal protective agents (Nguyen et al.,
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2009). For efficient screening of these agents over a reasonable time frame, there is a
pressing need to accelerate the pace of axonal loss over a short interval for high-throughput
screening of pharmacological and genetic therapies. Our model offers a novel experimental
approach to accelerate the rate of axonal loss over short intervals for timely in vivo studies
of nerve degeneration.

We documented the sequence of pathological, behavioral, and electrophysiological changes
associated with aging and exposure to acrylamide. Upon exposure to a low dose o
acrylamide, we observed characteristic swelling in the nerve terminals and NMJs in the
distal limbs within 7–10 days. This is accompanied by poor performance on the rotarod test
and reduction in CMAP amplitude. The reduction in amplitude of muscle potentials is
attributed to Wallerian-like degeneration and denervation at the nerve terminals. These
findings closely resemble the pathological, behavioral and electrophysiological changes seen
in untreated transgenic mice at 8–9 months of age.

Taken together, we demonstrate here a method to reliably and reproducibly accelerate the
progression of nerve degeneration in transgenic models of neuropathies using acrylamide
intoxication. Our protocol can serve as a useful technique for researchers using transgenic
animal models to study cellular and biochemical mechanism of axonal degeneration. This
approach can also allow in vivo high-throughput screening for pharmacological and genetic
therapies to prevent nerve degeneration, in particular, distal axonopathy.
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HIGHLIGHTS

1. Acrylamide accelerates the rate of axonal loss in mice with neuropathy.

2. Existing neuropathy in transgenic mice enhances the susceptibility to
acrylamide.

3. Progressive axonal loss due to aging was reproduced with acrylamide
intoxication.

4. An animal model for medication induced exacerbation of pre-existing
neuropathies.

5. An animal model for high-throughput screening of pharmacological therapies.
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Figure 1. Distal axonal degeneration in aging Trembler-J mice
(A) Gastrocnemius muscles were stained with SMI-32R (green) to detect axons and with α-
bungarotoxin (red) to detect acetylcholine receptors at the muscle endplates. Muscle
endplates that are positive for only α-bungarotoxin are not innervated (white arrows). NMJs
in the 6-week old TrJ mice appear compact and well defined. Furthermore there are only a
few scattered denervated NMJs. In contract, most NMJs are denervated and have a diffused,
irregular and fragmented appearance in the 8 month old TrJ mice. (B) 6 week old TrJ mice
show normal appearing nerve fibers (white arrows) with minimal axonal swelling and
segmentation as shown by neurofilaments (NF–H 200) immunostaining of the foot pad. In
contrast, the foot pad of 8 month old TrJ mice showed an absence of nerve fibers consistent
with severe cutaneous axonal degeneration and loss. (C) This was accompanied by barely
recordable CMAP responses around 1.8 mV. Examples of a typical CMAP tracing are
shown in the left. (*6-week vs. 8-month old TrJ mice, n=8, p<0.01). (D) 8-month old TrJ

mice showed severe decrease in retention time.(n=8, p<0.01). 8-month old TrJ mice also
showed a marked decline in grip strength (E) and prolonged thermal latency (F). (n=8,
p<0.01).
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Figure 2. Acrylamide intoxication in wild-type and Trembler-J mice
Wild-type and Trembler-J mice were exposed to 400 ppm acrylamide in drinking water for 7
days. (A) The gastrocnemius muscles were stained with SMI-32R (green) to detect axons
and with α-bungarotoxin (red) to detect acetylcholine receptors at the muscle endplates.
NMJs in the 6-week old wild-type (Wt) mice appear compact and well defined. There was
no denervated NMJ. With acrylamide intoxication, there are a few scattered denervated
NMJs. There was no significant statistically changes. (B) CMAP amplitude and (C)
retention time of the Rotarod. (n=8, p<0.01) in the wild type mice even after acrylamide
intoxication for 7 days. (D) In contract, in 6-week old TrJ mice treated with 400 ppm
arylamide for 7 days, most NMJs were denervated and had a diffused, irregular and
fragmented appearance. (E) There were also fragmented nerve fibers (white arrows) in the
foot pad consistent with severe cutaneous axonal degeneration and loss. (F) This was
associated with barely recordable CMAP responses around 2 mV. (n=8, p<0.01). (G)
Retention time on the Rotarod was also severely decreased. (n=8, p<0.01). (H) The grip
strength likewise declined. (I) Thermal latency was markedly prolonged. (n=8, p<0.01).
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Figure 3. Axonal degeneration in aging MAG−/− mice
(A) Gastrocnemius muscles were stained with SMI-32R (green) to detect axons and with α-
bungarotoxin (red) to detect acetylcholine receptors at the muscle endplates. NMJs in the 6-
week old MAG−/− mice appear compact and well defined. In the 8 month old MAG−/−
mice, there are many denervated NMJs that have a diffused, irregular and fragmented
appearance. (B) 6 week old MAG−/− mice showed normal appearing nerve fibers with
minimal axonal swelling and segmentation as shown by neurofilament (NF–H 200)
immunostaining (white arrows). In contrast, 8 month old MAG−/− mice showed many
fragmented and enlarged nerve fibers consistent with cutaneous axonal degeneration and
loss. (C) This was accompanied by a 27% reduction in CMAP responses b. representative
CMAP tracing are shown in the left. (*6-week vs. 8-month old MAG−/−mice, n=8, p<0.01).
(D) 8-month old AMG−/− mice also showed a decrease in retention time.(n=8, p<0.01) as
well as decline in grip strength (E) and prolonged thermal latency (F). (n=8, p<0.01).
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Figure 4. Acrylamide intoxication in MAG−/− mice
MAG−/− mice were exposed to 400 ppm acrylamide in drinking water for 10 days. (A) The
gastrocnemius muscles were stained with SMI-32R (green) to detect axons and with α-
bungarotoxin (red) to detect acetylcholine receptors at the muscle endplates. Muscle
endplates that are positive for only α-bungarotoxin are not innervated (white arrows). As
shown in figure 3.B, NMJs in the 6-week old MAG−/− mice appear compact and well
defined. With acrylamide intoxication, there are dernervated NMJs. There were associated
with reduced (B) Acrylamide intoxicated MAG−/−mice showed severe cutaneous axonal
degeneration and loss as shown by neurofilament (NF–H 200) immunostaining of the foot
pad. (C) There was also significant decline in CMAP amplitude and (D) retention time of
the Rotarod. (n=8, p<0.01). (H) The grip strength likewise declined. (I) Thermal latency was
markedly prolonged. (n=8, p<0.01). The pathologic, behavioral and electrophysiological
changes associated with acrylamide treatment paralleled those seen in MAG−/− at 8 months
of age.
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