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Bench Evidence for Diabetic Peripheral Neuropathy: What does Animal
Studies Inform Clinical Practice?
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Abstract

This short communication was aimed at enumerating the evidence from animal models of Diabetic
peripheral neuropathy (DPN) in order to imply clinical decision-making in routine practice through a
preliminary search of PubMed. The animal models demonstrated abnormalities in motor nerve conduction
velocity (MNCV) and hind-limb digital sensory nerve conduction velocity (SNCV) deficits, thermal
hypoalgesia, tactile allodynia, and a remarkable loss of intraepidermal nerve fibers. The streptozotocin
(STZ)-induced diabetic rat is the most commonly employed animal model used to study mechanisms of
painful diabetic neuropathy through behavioral assays of mechanical allodynia and heat hyperalgesia and
to evaluate potential therapies.
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This short communication was aimed at
enumerating the evidence from animal models
of Diabetic peripheral neuropathy (DPN) in
order to imply clinical decision-making in
routine practice through a preliminary search
of PubMed.

Historically, animal models of DPN studied
streptozotocin-induced diabetic rats and mice
forfunctional, metabolic, neurotrophic, and
morphological abnormalities for type-1
diabetes, and leptin-deficient (ob/ob) mice for
type-2 diabetes.[1] The animal models
demonstrated abnormalities in motor nerve
conduction velocity (MNCV) and hind-limb
digital sensory nerve conduction velocity
(SNCV) deficits, thermal hypoalgesia, tactile
allodynia, and a remarkable loss of
intraepidermal nerve fibers.[2]

Animal models and biomarkers of DN have
been extensively used in neuropathic research.
Diabetic rodents show behavioral, functional,
structural and molecular biomarkers and they
are widely used as models to investigate the
etiology of DN as well as to screen the efficacy
of the potential therapeutic interventions.[3]
The streptozotocin (STZ)-induced diabetic rat
is the most commonly employed animal model
used to study mechanisms of painful diabetic
neuropathy through behavioral assays of
mechanical allodynia and heat hyperalgesia
and to evaluate potential therapies.[4]

Analysis of slow axonal transport in BB rats
revealed a delay in transport of the
neurofilament (NF) subunits, tubulin, actin, and
the 60, 52, and 30 kDa polypeptides in both
systems. Morphometric analysis revealed that
the cross-sectional area of axons was also
increased proximally at the level of the motor
roots and decreased distally. The changes in
slow transport and caliber observed in central
and peripheral axonal systems of diabetic BB
rats are virtually identical to those previously
described in rats with streptozotocin-induced
diabetes.[5]

The bradykinin system was hypothesized to
mediate hyperalgesia through the inducible
bradykinin Bl receptor subtype which was
evidenced by the efficacy of selective
antagonists of the inducible bradykinin B1
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receptor (BKB1-R) subtype.[6] In addition to
dissociated cell culture of peripheral neurons
(mainly DRG neurons) and Schwann cells, and
explant culture of peripheral ganglia and
retinas on diabetic animals or patients, adult
animal neurons and Schwann cells were also
cultured under high glucose conditions and
adult animal neurons exposed to diabetic serum
in order to study inter-relationship.[7]

Vincent et al demonstrated that
overexpression of superoxide dismutase
(50D2) decreases superoxide (O(2)(-)) in
cultured primary dorsal root ganglion (DRG)
neurons and subsequently blocks caspase-3
activation and cellular injury; and
underexpression of SOD2 in dissociated DRG
cultures from adult SOD2(+/-) mice results in
increased levels of O%, activation of caspase-3
cleavage and decreased neurite outgrowth
under basal conditions that are exacerbated by
hyperglycemia. SOD2 activity thus was an
important cellular modifier of neuronal
oxidative defense against hyperglycemic
injury.[8]

Vincent et al explained the role of imbalance
between mitochondrial biogenesis and fission
in the pathogenesis of DPN, “During acute
hyperglycemia, mitochondrial fission is a
prominent response, and excessive
mitochondrial fission may result in
dysregulation of energy production, activation
of caspase 3, and subsequent DRG neuron
injury. During more prolonged hyperglycemia,
there is evidence of compensatory
mitochondrial biogenesis in axons.” [9]

Wuarin-Bierman ef al studied pain threshold
and MNCYV in three animal models of diabetic
and nutritional neuropathies:
Psammomysobesus (sand rat), streptozotocin-
treated and galactose-fed rats. 75 rats were
controls, 16 were hyperinsulinaemic, 46 were
insulin-deficient and 12 were galactosaemic
animals. The study confirmed that hyperalgesia
was a constant feature of sensory dysfunction
in spontaneous and experimental models of
diabetic neuropathy.[10]

Kitahara et al examined the effect of long-term
suppression of postprandial hyperglycemia
and glycemic fluctuation in Goto-Kakizaki (GK)
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rats, a type 2 diabetic animal model, by
nateglinide (NG), a fast-acting hypoglycemic
agent, and the slow-acting effect of
glibenclamide (GC). The study findings
suggested that meticulous control of
postprandial hyperglycemia is essential to
inhibit the development of neuropathy in type
2 diabetes.[11]

Wang et al compared four different herpes
simplex virus (HSV)1-based vectors to produce
one of two opioid receptor agonists (enkephalin
or endomorphin), or one of two isoforms of
glutamic acid decarboxylase (GAD®65 or
GAD67), alone and in combination, in the
streptozotocin-induced diabetic rat and mouse
models. The study found that a single
subcutaneous hindpaw inoculation of vectors
expressing GAD65 or GAD67 reduced diabetes-
induced mechanical allodynia and thermal
hyperalgesia which demonstrated that either
GAD®65 or GAD67 vectors are the most effective
in the treatment of diabetic pain.[12]

The animal models demonstrated
abnormalities in motor nerve conduction
velocity (MNCV) and hind-limb digital sensory
nerve conduction velocity (SNCV) deficits,
thermal hypoalgesia, tactile allodynia, and a
remarkable loss of intraepidermal nerve fibers.
The streptozotocin (STZ)-induced diabetic rat
is the most commonly employed animal model
used to study mechanisms of painful diabetic
neuropathy through behavioral assays of
mechanical allodynia and heat hyperalgesia
and to evaluate potential therapies.
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