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ABSTRACT. Canine polyneuropathy is a neurological disorder characterized by a dysfunction of multiple peripheral nerves. The etiology of 
the disease is diverse; it may occur in cases of infectious, immune-mediated, or hereditary conditions or in association with endocrinopathy, 
neoplasm, or chemical intoxication. It is often difficult to determine the etiology through clinical symptoms. The aim of this study is to 
investigate pathological differences among three canine polyneuropathy cases with each presumably having a different etiology. Cases 
included a 13-month-old female border collie (Dog No.1), a 21-month-old male chihuahua (Dog No.2) and an 11-year-old male beagle 
(Dog No.3). Clinical examinations revealed hindlimb ataxia and sensory loss in Dog No.1, forelimb paralysis and vertebral pain in Dog 
No.2, and paddling-gait and hypothyroidism in Dog No.3. Histopathologically, axonal swelling and pale myelin were observed in Dog 
No.1. Giant axons mimicking giant axonal neuropathy were obvious in Dog No.2. Dog No.3 showed atrophic axons and severe interstitial 
edema. Distributions of peripheral nerve lesions coincided with respective clinical symptoms. According to their clinical and pathological 
features, Dogs No.1 and No.2 were suspected of hereditary polyneuropathy, while Dog No.3 seemed to have hypothyroidism-associated 
polyneuropathy. As each case demonstrated unique pathological features, different pathogeneses of peripheral nerve dysfunction were 
suggested.
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Polyneuropathy in dogs is a neurological disorder charac-
terized by a dysfunction of multiple peripheral nerves. Initial 
symptoms of the disease are a lack of coordination and in-
stability, and often progress to decreased reflexes and muscle 
tone, paralysis, and sensory deficits [45]. Electromyographic 
evidence of denervation and decreased nerve conduction 
velocity has been observed in affected nerves [45]. Somatic 
nerve dysfunctions are most predominant, and autonomic 
nerves may also be affected. As autonomic dysfunction may 
lead to laryngeal or pharyngeal paralysis, aspiration pneu-
monia is frequently diagnosed as a cause of death in canine 
polyneuropathy cases [6, 16, 26, 32, 46].

Several etiologies of polyneuropathy in dogs have been 
previously proposed. In some cases, the disease occurs 
in association with Neospora caninum infection [10] or 
some immune-mediated diseases, such as systemic lupus 
erythematosus [11]. Primary autoimmune diseases against 
peripheral nerve myelin may also lead to the disease [1, 
51]. Some seem to occur in specific breeds, indicating that 

hereditary, familial or breed-associated factors are related to 
the etiology of the disease [17]. It may also be associated 
with endocrinopathy including diabetes mellitus [27, 34, 
47] and hypothyroidism [25, 49], intoxication of n-hexane 
[37] or acrylamide [20], administration of cisplatin [36] or 
vincristine [21], or paraneoplastic syndromes in cases of in-
sulinoma [3, 5], multicentric lymphoma [5], or disseminated 
carcinoma [5]. It is often difficult to distinguish the etiology 
of this disease through clinical symptoms.

The distribution of lesions (i.e. motor or sensory, distal or 
proximal, anterior or posterior and symmetric or asymmetric) 
is useful for etiology-based classification of polyneuropathy 
[7, 8, 10]. In the human-inherited polyneuropathy, Charcot-
Marie-Tooth (CMT) disease, classification is established ac-
cording to lesion distribution, age onset, progression speed 
and pathological features [18], and a number of genetic 
mutations have been identified in respective subtypes [7, 
43]. In contrast, little information on genetic factors has been 
accumulated in canine-inherited polyneuropathy [8]. So far, 
canine-inherited polyneuropathy has been reported in 22 
breeds, but underlying genetic defects are not yet confirmed 
in most breeds [8, 17].

The aim of this study is to investigate pathological dif-
ferences among three cases of canine polyneuropathy with 
each presumably having a different etiology. Possible patho-
genesis and respective etiologies of each case are discussed.
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MATERIALS AND METHODS

Cases: Three dogs were examined; Dog No.1 was 
a 13-month-old female border collie, Dog No.2 was a 
21-month-old male chihuahua and Dog No.3 was an 
11-year-old male beagle. Clinical features of these cases are 
summarized in Table 1.

Dog No.1 showed progressive hind limb ataxia at the age 
of 3 months, and started chewing her front paw. Ataxia then 
spread to all 4 limbs. Spinal reflexes were normal to reduced 
in the hind limbs. Superficial sensation was not detected 
in sciatic and femoral areas of both sides of the distal hind 
limbs and in the radial area of both sides of the distal front 
limbs. Magnetic resonance imaging (MRI) of the spinal 
cord and cerebrospinal fluid (CSF) examination showed no 
specific findings. Ataxia gradually progressed, and the dog 
developed megaesophagus at the age of 12 months. The dog 
suddenly died 1 month after the onset of megaesophagus.

Dog No.2 was presented to the veterinary hospital 2 
months prior to his death with a chief complaint of crying 
when held in his owner’s arms. One month after the initial 
symptom, the dog exhibited salivation and a pitter-patter 
gait. Further clinical examination revealed a reduced bilat-
eral palpebral reflex, persistent prolapse of the penis, and 
vertebral pain induced by manual compression. MRI and 
computerized tomography (CT) of the entire body showed 
no specific findings. Thyroid hormone levels were normal, 
and anti-acetylcholine receptor antibody was not detected in 
the serum. Tandem mass spectrometry used for the diagnosis 
of inherited metabolic disorders was conducted, but no spe-
cific information was obtained. Although the dog was treated 
with corticosteroids and vitamin supplements, symptoms did 
not improve. The forelimbs gradually became paralyzed, 
and atrophy of the forelimb muscle was marked. Finally, the 
dog exhibited epileptiform seizures and died of respiratory 
failure.

Dog No.3 began to show a characteristic paddling gait at 
the age of 3, wherein the distal palmar and plantar aspects of 
the feet flip forward at the impact to the ground. The dog also 
sank on these limbs during the impact. Two years after the 
onset of the first symptom, the dog presented to the veteri-
nary hospital with a chief complaint of a wobbling gait. The 
dog exhibited bradycardia at the initial visit, and neurologi-
cal examination revealed a reduced postural reaction. MRI 
showed no specific findings. Biochemical examination at the 
age of 7 revealed low thyroxine (T4) and free T4 (fT4) con-
centrations (T4: 0.79 µg/dl, relative to normal values of>2.0 

µg/dl, and fT4: 0.08 ng/dl, relative to normal values of>0.6 
ng/dl). Thus, the dog was diagnosed with hypothyroidism. 
The dog was treated with thyroid hormone, but symptoms 
gradually developed. The dog began to present difficulty in 
walking at the age of 9. Using sensory nerve action potential 
examination, the dog was further diagnosed with sensory 
nerve predominant segmental demyelinative neuropathy at 
the age of 10, and was treated with an immune suppressor 
and prednisolone. The treatment, however, had no effect. Fi-
nally, the dog died of aspiration pneumonia at the age of 11.

Antemortem biopsy and teased nerve fiber test: Antemor-
tem biopsy and a teased nerve fiber test were conducted only 
in Dog No.1. Peripheral nerves (including the right common 
peroneal nerve and right caudal cutaneous antebrachial 
nerve) and the skin of the dorsal part of the right front paw 
were taken for biopsy.

Postmortem examination: Tissue samples were taken 
from the brain, spinal cord and nerve roots of the 3 dogs. 
Other main organs including the heart, lungs, liver, spleen, 
kidneys, alimentary tract, pituitary gland, thyroid glands, 
adrenal glands, ovaries and uterus were taken only from Dog 
No.1, because autopsies of the other dogs were performed 
at the veterinary hospitals. The trigeminal ganglion, stellate 
ganglion, brachial plexus, femoral obturator nerve, vagus 
nerve, biceps femoris muscle, temporal muscle and lingual 
muscle were also taken from Dog No.1. Sciatic and tibial 
nerves were taken from Dog No.3. All tissue samples were 
fixed in 10% neutral buffered formalin, processed routinely, 
embedded in paraffin wax, and sectioned at 4 µm. Sections 
were double-stained with luxol-fast blue (LFB) and hema-
toxylin-eosin (HE).

Immunohistochemistry: Primary antibodies used were 
mouse monoclonal anti-neurofilament (NF, pre-diluted, 
Dako, Glostrup, Denmark), rabbit polyclonal anti-peripheral 
myelin protein 22 (PMP22, 1:400, Sigma, St. Louis, MO, 
U.S.A.), rabbit polyclonal anti-periaxin (PRX, 1:250, Sigma) 
and rabbit polyclonal anti-Myelin protein zero (MPZ, 1:100, 
Abcam, Cambridge, UK). Immunohistochemistry was per-
formed using Envision polymer reagent (Dako). Antigen 
retrieval was performed by heating sections in an autoclave 
at 121°C for 10 min in 10 mM citrate buffer (pH6.0), except 
for NF immunohistochemistry. Sections were next incu-
bated in 3% hydrogen peroxide (H2O2)-methanol at room 
temperature for 5 min to block endogenous peroxidase, in 
8% skim milk-tris buffered saline (TBS) at 37°C for 40 min 
to avoid nonspecific reactions, and then with primary anti-
body at 4°C overnight. Sections were further incubated with 

Table 1. Canine polyneuropathy cases examined

Case Breed Gender Onset Death Major clinical signs

Dog No.1 Border collie Female 3m 1y1m Hind limb ataxia, pain sensability loss, megaesophagus, 
chewing front paws, and aspiration pneumonia

Dog No.2 Chihuahua Male 1y7m 1y9m Salivation, bilateral eyelid reflex reduction, continuous penis 
prolapse, ataxia, forelimb paralysis, and vertebral pain

Dog No.3 Beagle Male 3y 11y Paddling-gait, bradycardia, hypothyroidism, walking 
difficulty, and aspiration pneumonia
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Envision horseradish peroxidase (HRP)-labeled mouse or 
rabbit polymer reagent (Dako) at 37°C for 60 min. Reaction 
products were visualized with 3.3’-diaminobenzidine (DAB, 
Dojindo, Kumamoto, Japan) and 0.03% H2O2 in TBS. Sec-
tions were counterstained with Mayer’s hematoxylin. As a 
control, sections from dogs showing no clinical/pathological 
signs of polyneuropathy were used.

Quantitative analysis: NF-stained transverse sections of 
the lumber nerve root were used for quantitative analysis. 
Microscopic pictures of 2 randomly selected-areas of dorsal 
and ventral nerve roots were taken with a Nikon Digital 
Camera DXM1200F (Nikon, Tokyo, Japan) at a magnifica-
tion of × 200 with ACT-1 software (Nikon). The smallest 
diameters of respective NF-positive axons were then com-
puted using Mac-Biophotonics ImageJ software. More than 
1,000 fibers in each nerve root were measured.

RESULTS

Antemortem biopsy and the teased nerve fiber test: An-
temortem peripheral nerve biopsy was conducted only in 
Dog No.1. The right common peroneal nerve, right caudal 
cutaneous antebrachial nerve, and peripheral nerves from the 
dorsal skin of the right front paw showed severe degenera-
tion and denervation with both sensory and motor involve-
ment (Data not shown). The teased nerve fiber test was also 
conducted only in Dog No.1. Neither Wallarian-like axonal 
degeneration nor regenerative changes were observed in the 
teased nerve fiber test (Data not shown).

Gross findings on necropsy: Details were available only 
in Dog No.1. Severe emaciation, multiple ulcerations on the 
bilateral hind limb paws, swelling of systemic lymph nodes, 
and aspiration pneumonia were observed. There were no 
specific findings in the gross appearance of the brain and 
spinal cord of all three cases.

Histopathological findings on necropsy: Major pathologi-
cal lesions were located at nerve roots and/or distal periph-
eral nerves in all cases (Fig. 1A, 1B and 1C). Histopathologi-
cal lesions and their distributions in peripheral nerves were 
different among cases (Table 2).

In Dog No.1, lesions were predominant at lumbar and 
sacral ventral nerve roots, and the major lesion was axonal 
swelling (Fig. 1D). Myelin stained with LFB was paler than 
usual at the central area of nerve roots. Axonal loss was not 
evident in any nerve roots of Dog No.1. Lesions in Dog No.2 
were located mainly in cervical and thoracic nerve roots. 
Almost all axons were lost and lesions were replaced by 
dense fibrous connective tissues (Fig. 1G and 1H). Lesions 
were asymmetric and randomly distributed. At the lumber 
level, axonal and myelin loss was milder than that at the 
cervical level, but multiple axonal swellings were observed 
at the unilateral sensory nerve root at L4 (Fig. 1E). Such 
swollen axons were roughly distorted and were huge (10 to 
30 µm as the shortest diameter). In Dog No.3, lesions were 
found at the cervical and lumber level of motor and sensory 
nerve roots, where diffuse axonal atrophy was evident. Se-
vere endoneurial edema and mild fibrous connective tissue 
proliferation were associated with lesions (Fig. 1F). Lesions 

were more severe in sensory nerve roots than those in motor 
nerve roots. Inflammatory cell infiltration was not observed 
in any cases.

Distal peripheral nerves were also examined in Dogs 
No.1 and No.3. In Dog No.1, lesions of the femoral obtura-
tor nerve and brachial plexus were more severe than those 
of nerve roots. Severe axonal swelling, mild axonal loss, 
pale myelin and mild proliferation of collagen fibers were 
also observed (Fig. 1I). In Dog No.3, sural and tibial nerves 
showed a severe decrease in axons and loss of myelin. Most 
lesions were replaced with fibrous connective tissues (Fig. 
1J).

Minor lesions were observed in the central nervous sys-
tem (CNS), such as focal neuronal loss in the cerebral cortex 
of Dog No.2 and diffuse spheroid formation in the spinal 
cord of Dog No.3 (Data not shown).

Quantitative analysis: The axonal diameter of nerve roots 
was analyzed using NF-immunostained specimens (Fig. 2). 
In control cases, the shape of the histogram for the motor 
nerve root showed a “bimodal” pattern, which indicates the 
presence of large caliber fibers ranging from 6 to 8 µm, and 
small caliber fibers ranging from 1 to 3 µm (Fig. 2G, 2H and 
2I). In contrast, the number of large caliber fibers in the sen-
sory nerve root was fewer than that in the motor nerve root 
(Fig. 2J, 2K and 2L). Therefore, the shape of the histogram 
showed a “triangular” pattern.

In Dog No.1, a bimodal pattern in motor nerve roots was 
still evident, but the distribution of the axonal diameter 
tended to shift to the right (larger area) (Fig. 2G). The dis-
tribution in the sensory nerve root showed a slight left shift 
(Fig. 2J). In Dog No.2, distribution in both motor and sen-
sory nerves shifted to the left, and giant axons more than 15 
µm were often observed in the sensory nerve root (Fig. 2H 
and 2K). In Dog No.3, the axonal distribution of both motor 
and sensory nerve roots markedly shifted to the left, and the 
regular “bimodal” pattern of the motor nerve root changed to 
a “triangular” pattern (Fig. 2I and 2L).

Immunohistochemistry for myelin components: Among 3 
peripheral myelin components examined, PMP22 and PRX 
were strongly positive in the axonal surroundings. MPZ 
expression was limited to Dog No.1, and non-specific MPZ 
expressions were observed in the axons of Dogs No.2 and 
No.3 (data not shown).

DISCUSSION

Severe degenerative changes were broadly distributed in 
the peripheral nervous system (PNS) of the three present 
cases, while significant pathological changes were not ob-
served in the CNS. Thus, the present cases were diagnosed 
as canine polyneuropathy. Interestingly, the distributions 
and pathological features of lesions were different among 
the cases. This fact indicates different pathogeneses in the 
respective cases.

According to clinical histories and pathological findings, 
Dogs No.1 and No.2 were suspected of hereditary polyneu-
ropathy. Both dogs were young at the onset of the disease 
and took long-standing courses until death. Such features are 
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Fig. 1. (A-C): Low magnification of the lumber cord and associated nerve roots of Dogs No.1 (A), No.2 (B) and No.3 (C). LFB-
HE stain. Bar=500 µm. In all cases, lesions were located in sensory (S) and/or motor (M) nerve roots. (D-F): Higher magnifica-
tion of the boxes shown in (A-C). LFB-HE stain. Bar=20 µm. (D) Axons in Dog No.1 were severely swollen, and surrounding 
myelin was pale stained with LFB. (E) Dog No.2 had giant axons, and surrounding myelin was lost. (F) Axons in Dog No.3 were 
small in diameter, and severe edema was observed in the interstitium. (G, H): High magnification of the cervical sensory nerve 
root in Dog No.2. LFB-HE stain (G) and Masson’s trichrome stain (H). Bar=20 µm. Severe edema and mild fibrous connective 
tissue proliferation were associated with severe axonal loss. (I, J): High magnification of distal peripheral nerves of Dogs No.1 
(I) and No.3 (J). LFB-HE stain. Bar=20 µm. (I) Femoral obturator nerve in Dog No.1 had more severe degeneration in both 
axons and myelin than that in nerve roots. (J) Axons and myelin in the tibial nerve of Dog No.3 were severely lost, and most 
lesions were replaced with connective tissue.
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characteristic of inherited polyneuropathy [17]. Other causes 
such as chemical or drug intoxication were rejected, because 
of their clinical histories. Infectious or autoimmune diseases 
were also rejected, because inflammatory cell infiltration 
was not associated with the present cases. Endocrinopathy 
was not detected through the antemortem blood test, and 
neoplasm hardly occurs at their ages. Therefore, breed-
associated congenital factors are the most likely etiology in 
the 2 dogs.

Breed-associated polyneuropathy in border collies has 
been previously reported in the United Kingdom [50], Bel-
gium [48], and North America [22]. Although there was no 
information concerning the familial history of the present 
border collie dog (Dog No.1), clinical signs were almost 
consistent with those of previous cases [22, 48, 50]: the on-
set of disease occurred at 2 to 5 months old, and erosion in 
the hind footpad was observed. Pathological findings of the 
antemortem biopsy (i.e. severe degeneration and denerva-
tion) were also similar to those of previous reports [22, 48, 
50]. Taking these similarities into account, it is likely that 
Dog No.1 suffered border collie polyneuropathy.

In spite of clinical and antemortem pathological simi-
larities, postmortem pathological features in Dog No.1 were 
quite different from those of previous reports. Axonal swell-
ing and pale myelin seen in the present case have never been 
mentioned in previous reports. This intriguing phenomenon 
may be explained by a difference in examined regions be-
tween past and present cases; pathological features previ-

ously described are confined to the distal end of peripheral 
nerves, and more proximal regions, as in the present case, 
were not examined in previous reports.

The disorder in the border collie was previously called 
“sensory neuropathy”, because initial symptoms were pre-
dominantly located at sensory nerves [48, 50]. Harkin et al. 
[22] proposed the name “sensory and motor neuropathy”, 
because motor nerves were also involved in his case. Lesions 
of the present case support Harkin’s opinion, because both 
motor and sensory nerves were impaired.

Giant axons observed in the dorsal lumber root of Dog 
No.2 were variable in size and had an irregular shape. They 
seemed to be different from the axonal swelling observed 
in Dog No.1, but were similar to lesions observed in “gi-
ant axonal neuropathy” (GAN) in humans [31] and German 
shepherds [13, 14, 19]. However, the distribution of giant 
axons in Dog No.2 was different from that in previous GAN 
cases. While the distribution of giant axons in GAN has been 
reported in both central and peripheral nervous systems [13, 
14, 19], these CNS lesions were not found in Dog No.2. 
Moreover, hind limbs were mostly affected in GAN cases, 
while forelimbs were mostly affected in Dog No.2. Com-
bining these differences, we suggest that the present case 
of Dog No.2 is a unique congenital polyneuropathy newly 
emerged in the chihuahua.

Although peripheral nerves were mostly impaired in Dog 
No.2, a minor lesion was also observed in the CNS; there 
was focal neuron loss at the cerebral cortex. This pathologic 

Table 2. Histological lesions in the cervical, thoracic, lumber and sacral nerve roots

Dog No.1 Dog No.2 Dog No.3
Motor Sensory Motor Sensory Motor Sensory

Cervical
Axonal swelling − + − − − −
Axonal loss − − +++ +++ ++ +++
Myelin loss + + +++ +++ ++ ++
Edema − − + - ++ ++
Fibrosis + − +++ ++ ++ ++

Thoracic
Axonal swelling ++ − − − ND ND
Axonal loss − − ++ + ND ND
Myelin loss + − +++ +++ ND ND
Edema − − ++ ++ ND ND
Fibrosis + − ++ + ND ND

Lumbar
Axonal swelling +++ − − +++ − −
Axonal loss − − + + − ++
Myelin loss ++ + ++ ++ − ++
Edema − − + + + +++
Fibrosis − − + + ++ ++

Sacral
Axonal swelling +++ − − − ND ND
Axonal loss − − − − ND ND
Myelin loss ++ ++ − − ND ND
Edema − − − − ND ND
Fibrosis − − − − ND ND

−: None, +: Faint, ++: Mild, +++: Moderate, and ND: No data.
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feature correlates with antemortem epileptic symptoms. On 
another hand, there were some discrepancies between clini-
cal and pathological appearances in Dog No.2; the dog clini-
cally showed palpebral reflex reduction, but a pathological 
lesion related to the reflex was not observed in the CNS. The 
neural circuit of the palpebral reflex consists of the trigemi-
nal nerve, mesencephalon and facial nerve, but the CNS part 
of this neural circuit was not impaired in this dog. Thus, we 
suspect that the clinical symptom seemed to be attributed to 
cranial nerve dysfunction. Nevertheless, we could not evalu-
ate pathological changes in these cranial nerves, because we 
failed to investigate them on necropsy.

In human CMT disease, more than 30 genes have been 
identified as causal genes [7, 43]. Some of those genes 
encode constructive proteins of peripheral myelin sheaths. 
MPZ, for example, is an integral membrane glycoprotein 
and is a major component of peripheral nerve myelin [39]. 
MPZ guides the wrapping process in Schwann cells and 

ultimately compacts adjacent lamellae [39]. More than 120 
mutations in the MPZ gene have been identified in CMT 
type 1B, which is demyelinative neuropathy [23], or in CMT 
types 2I and 2J, which are axonal neuropathies [2, 28]. Like-
wise, PRX and PMP22 protein construct peripheral myelin 
sheaths, and genetic failures in these proteins are the causes 
of CMT type 1A and type 4F, respectively [30, 41]. Altered 
amino acid sequences of these constructive proteins lead to 
a failure to interact properly with other myelin components, 
and results in myelin disruption.

On another hand, the genetic background of canine he-
reditary polyneuropathy remains unclear in most breeds. 
Recently, Drögemüller et al. [12] identified a deletion in the 
N-myc downstream regulated gene 1 (NDRG1) gene in grey-
hound polyneuropathy. It was recognized as the first geneti-
cally characterized canine model of human CMT disease, as 
the NDRG1 mutation had been identified in human CMT 
disease type 4D. It may offer an opportunity to gain further 

Fig. 2. (A-F): Transverse sections of lumber motor (A-C) and sensory (D-F) nerve roots. Anti-neurofilament immu-
nohistochemistry. Bar=20 µm. Axonal diameters were measured using Mac-Biophotonics ImageJ software. (G-L): 
Axonal diameter distributions of motor (G-I) and sensory (J-L) nerve roots of Dogs No.1 (G and J; shown in dark bars), 
No.2 (H and K; shown in dark bars), No.3 (I and L; shown in dark bars), and control dogs (G-L; shown in light bars), 
respectively.
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insight into the pathobiology and therapy of human NDRG1 
associated CMT disease.

We probatively tried to investigate the genetic causes 
of the 2 present cases that were suspected of hereditary 
polyneuropathies. Using immunohistochemical methods, 
we evaluated PMP22, PRX and MPZ protein expressions 
in intact peripheral nerves. Among them, PMP22 and PRX 
were expressed normally in the peripheral myelin sheath in 
all cases. Therefore, genes encoding these proteins do not 
seem to be responsible for the onset of the disease. MPZ 
expression in the myelin sheath was observed only in Dog 
No.1, and only faint axonal expression was observed in Dogs 
No.2 and No.3. Faint axonal expression was also observed in 
several samples from control cases. Therefore, we concluded 
that differences in expression may be due to respective fixa-
tion conditions, not MPZ gene mutations.

Contrary to Dogs No.1 and No.2, Dog No.3 was sus-
pected to have acquired neuropathy with an association of 
hypothyroidism. Clinical signs of tetraparesis and postural 
reaction dysfunction in Dog No.3 were consistent with those 
of previous reports of canine hypothyroid polyneuropathy 
[4, 24, 25, 42, 49]. Even though hypothyroidism is a com-
mon endocrinopathy of dogs and has been blamed for gen-
eralized peripheral neuropathy, there is currently insufficient 
objective evidence to prove a causal relationship between 
hypothyroidism and acquired polyneuropathy in dogs [11]. 
Previously, Rossmeisl [42] experimentally induced chronic 
hypothyroidism in dogs using radioactive iodine administra-
tion, and evaluated clinical and electrophysiologic effects on 
multiple peripheral nerves. The previous report succeeded 
in replicating the hypothyroid condition, but failed to detect 
any adverse clinical or electrophysiologic peripheral neuro-
pathic changes. Another report of experimentally induced 
hypothyroidism in the rat showed similar results [40]. Thus, 
it is likely that other factors may be required for the develop-
ment of hypothyroid polyneuropathy.

The pathological features of hypothyroid polyneuropathy 
have not been identified in dogs. In humans [33, 35, 38, 44], 
it has been reported that demyelination and interstitial edema 
may be associated with axonal atrophy in a long-standing 
course of hypothyroidism. The bimodal pattern is lost in the 
histogram of peripheral nerve axons in human hypothyroid 
neuropathy [44]. These features are very similar to those in 
Dog No.3.

There are some hypotheses that explain the pathomecha-
nism of human hypothyroid polyneuropathy. Altered 
Schwann cell metabolism may cause mucinous deposition, 
which results in nerve entrapment and demyelination [9, 15, 
29]. Severe metabolic defects in neurons may also disturb 
axonal transport and lead to axonal atrophy [9, 15, 29]. 
Vascular nerve damage secondary to hypothyroid-induced 
alternations in the blood-nerve barrier may also cause demy-
elination [9, 15, 29]. Considering these pathologic similari-
ties, hypothyroid polyneuropathy in dogs may have the same 
pathogenesis as that of humans.

In conclusion, the present paper describes the pathologi-
cal features of three canine cases of polyneuropathy. All 3 
cases exhibited unique pathologic features, and the respec-

tive etiologies seemed different from each other. The cases 
of the border collie and chihuahua were suspected of in-
herited polyneuropathy, with each perhaps having different 
genetic factors, while the case of the beagle was presumably 
associated with hypothyroidism. This paper presents new 
aspects of the respective polyneuropathies. In the case of 
the border collie, the pathologic appearance of peripheral 
nerves showed quite different features from that of previ-
ous reports. The case of the chihuahua indicates a newly-
emerged hereditary polyneuropathy, the features of which 
partly resemble GAN in German shepherd dogs. The case 
of the beagle presented a novel pathologic feature of canine 
hypothyroid polyneuropathy for the first time. Further stud-
ies are required to confirm respective pathogeneses of canine 
polyneuropathy.
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