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Diabetes mellitus is the most common cause of neuropathy which is estimated to affect 20-30
million people worldwide [1]. Clinical trials in subjects with Type 1 and Type 2 diabetes
indicate that intensive therapy and improved blood glucose control reduce incidence and slow
progression of diabetic neuropathy, thus implicating hyperglycemia as a leading causative
factor [1]. Numerous mechanisms have been proposed to link chronic hyperglycemia to
diabetic cardiovascular complications, nephropathy, and impairments in motor and sensory
nerve functions among other manifestations of peripheral diabetic neuropathy (PDN, reviewed
in [2-4]). It has been hypothesized, that hyperglycemia-induced overproduction of superoxide
by mitochondrial electron-transport chain activates multiple pathways of cell injury (e.g.
protein kinase C (PKC), advanced glycosylation end product formation (AGE), hexosamine
and polyol pathway fluxes, and nuclear factor-κB signaling, among many others) by inhibiting
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) activity in endothelial cells [3]. The
hyperglycemia-induced enhanced mitochondrial superoxide and iNOS-derived nitric oxide
(NO) formation favor the generation of reactive oxidant peroxynitrite through diffusion-
controlled reaction in the vascular endothelium and smooth muscle [4]. Peroxynitrite interacts
with lipids, DNA, and proteins via direct oxidative reactions or via indirect, radical-mediated
mechanisms, triggering cellular responses ranging from subtle modulations of cell signaling
to overwhelming oxidative injury [4]. Oxidative DNA damage also leads to the over-activation
of the nuclear enzyme poly(ADP-ribose) polymerase-1 (PARP; the most abundant isoform of
the PARP enzyme family), which depletes its substrate NAD(+), slowing the rate of glycolysis,
electron transport and ATP formation on one hand [5]. On the other hand, it inhibits GAPDH
by poly-ADP-ribosylation and may also be involved in the regulation of various important
inflammatory pathways [5]. These processes lead to acute endothelial dysfunction in diabetic
vessels both in experimental animals [6-10] and in humans [11], a concept pioneered by Dr.
Szabo's group (reviewed in [5]). According to the vascular concept of diabetic neuropathy
[12], endothelial dysfunction in vasa nervorum (small vessels supplying nerves) results in
decrease in nerve blood flow and endoneurial hypoxia, eventually culminating into functional
and morphological changes in the diabetic nerves. The neurochemical concept of PDN suggests
the importance of similar mechanisms in the neural elements (e.g. Schwann cells and neurons).
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Indeed, numerous recent studies established that oxidative-nitrosative stress and interrelated
downstream pathways play an important role in the pathogenesis of various diabetic
complications, including cardiovascular complications, retinopathy, nephropathy, and PDN
(reviewed in [2-5]). However, the role of oxidative damage in diabetic sensory neuropathy,
especially in its advanced stage, is remarkably understudied. One of the strengths of the paper
by Obrosova et al. [13] is that, using a comprehensive approach with assessment of multiple
variables of sensory function (thermal algesia by paw withdrawal and tail flick tests,
mechanical algesia by rigid von Frey filament and Randall-Selitto tests, tactile allodynia) as
well as spontaneous diabetic neuropathic pain (formalin pain test), the authors were able to
clearly dissect the key role of PARP activation in neuropathic pain and sensory loss
characteristic for advanced diabetic neuropathy. To achieve their goal they have utilized dual
approach of PARP-1 suppression by genetic deletion in mice or pharmacological inhibition
with the PARP inhibitor GPI-15427 in rats [13]. Another attractive feature of the current study
is that it is not limited by functional measurements, but extends beyond that i.e. to evaluation
of the role for PARP activation in small sensory nerve fiber degeneration [13]. Until recently,
small-caliber nerve fiber degeneration has not been evaluated in either human subjects with
diabetes mellitus or in animal models due to a lack of objective measures. Novel techniques
such as corneal confocal microscopy (a rapid, reiterative, non-invasive in vivo imaging
technique for quantitative evaluation of degeneration and regeneration of corneal nerve fibers
[14] and skin biopsy with visualization and quantitation of epidermal nerve fibers [15], hold
enormous potential for a better understanding of the mechanisms underlying small nerve fiber
degeneration, a phenomenon which may ultimately lead to a complete loss of sensory function
and is a major cause of foot amputation. Recent studies revealed that subjects with both Type
1 and Type 2 diabetes, but not those with metabolic syndrome, display epidermal nerve fiber
loss [15,16]. Dr. Obrosova's lab was one of the pioneers in evaluation of the effects of
pharmacological interventions on this variable of small sensory nerve fiber degeneration in rat
and mouse models of Type 1 and Type 2 diabetes. She and co-authors [17,18] have shown that
epidermal nerve fiber loss is clearly manifest in streptozotocin-diabetic mice with Type 1
diabetes and leptin-deficient ob/ob mice with Type 2 diabetes, and that small sensory nerve
fiber degeneration can be prevented by pathogenetic treatments in these animal models. The
current study provides evidence of small sensory nerve fiber degeneration in STZ-diabetic rats
with advanced diabetic neuropathy, consistent with previous report by Toth et al [19].
Furthermore, the data in both STZ-diabetic rats treated with a PARP inhibitor and STZ-diabetic
PARP-deficient mice clearly and for the first time dissect a key role of PARP activation in this
phenomenon present in both experimental and clinical diabetic neuropathy. The findings
promote a better understanding of the role for PARP activation in peripheral diabetic
neuropathy, and provide rationale for development of orally active and potent PARP inhibitors
and PARP inhibitor containing combination therapies for prevention and treatment of this
devastating complication of diabetes mellitus.

Since the role for the enzyme of poly(ADP-ribose) catabolism, poly (ADP-ribose)
glycohydrolase (PARG), in diabetic complications and, in particular, diabetic neuropathy, has
not been studied, the authors may consider this direction in the future. Studies with PARG
inhibitors and PARG-deficient mice would dissect the role of poly(ADP-ribosyl)ation vs. other
phenomena resulting from PARP activation i.e., NAD depletion, energy failure and resultant
inhibition of glucose utilization, in functional, metabolic and morphological manifestation of
peripheral diabetic neuropathy. It would also be interesting to study the possible role of other
minor isoforms of PARP in the development and progression of diabetic complications.

Collectively, the study by Obrosova et al. [13] supports the concept that PARP activation plays
an important role in the development and progression of various interrelated aspects of diabetic
complications, suggesting that pharmacological inhibition of the enzyme may also provide
significant benefits in patients suffering from diabetic and possible other forms of neuropathy.

Pacher Page 2

Free Radic Biol Med. Author manuscript; available in PMC 2009 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Said G. Diabetic neuropathy-a review. Nat Clin Pract 2007;3:331–340.
2. Obrosova IG. Increased sorbitol pathway activity generates oxidative stress in tissue sites for diabetic

complications. Antioxid Redox Signal 2005;7:1543–1552. [PubMed: 16356118]
3. Brownlee M. The pathobiology of diabetic complications: a unifying mechanism. Diabetes

2005;54:1615–1625. [PubMed: 15919781]
4. Pacher P, Beckman JS, Liaudet L. Nitric oxide and peroxynitrite in health and disease. Physiol Rev

2007;87:315–424. [PubMed: 17237348]
5. Pacher P, Szabo C. Role of poly(ADP-ribose) polymerase-1 activation in the pathogenesis of diabetic

complications: endothelial dysfunction, as a common underlying theme. Antioxid Redox Signal
2005;7:1568–1580. [PubMed: 16356120]

6. Garcia Soriano F, Virag L, Jagtap P, Szabo E, Mabley JG, Liaudet L, Marton A, Hoyt DG, Murthy
KG, Salzman AL, Southan GJ, Szabo C. Diabetic endothelial dysfunction: the role of poly(ADP-
ribose) polymerase activation. Nat Med 2001;7:108–113. [PubMed: 11135624]

7. Soriano FG, Pacher P, Mabley J, Liaudet L, Szabo C. Rapid reversal of the diabetic endothelial
dysfunction by pharmacological inhibition of poly(ADP-ribose) polymerase. Circ Res 2001;89:684–
691. [PubMed: 11597991]

8. Szabo C, Mabley JG, Moeller SM, Shimanovich R, Pacher P, Virag L, Soriano FG, Van Duzer JH,
Williams W, Salzman AL, Groves JT. Part I: pathogenetic role of peroxynitrite in the development of
diabetes and diabetic vascular complications: studies with FP15, a novel potent peroxynitrite
decomposition catalyst. Mol Med 2002;8:571–580. [PubMed: 12477967]

9. Pacher P, Liaudet L, Soriano FG, Mabley JG, Szabo E, Szabo C. The role of poly(ADP-ribose)
polymerase activation in the development of myocardial and endothelial dysfunction in diabetes.
Diabetes 2002;51:514–521. [PubMed: 11812763]

10. Du X, Matsumura T, Edelstein D, Rossetti L, Zsengeller Z, Szabo C, Brownlee M. Inhibition of
GAPDH activity by poly(ADP-ribose) polymerase activates three major pathways of hyperglycemic
damage in endothelial cells. J Clin Invest 2003;112:1049–1057. [PubMed: 14523042]

11. Szabo C, Zanchi A, Komjati K, Pacher P, Krolewski AS, Quist WC, LoGerfo FW, Horton ES, Veves
A. Poly(ADP-Ribose) polymerase is activated in subjects at risk of developing type 2 diabetes and
is associated with impaired vascular reactivity. Circulation 2002;106:2680–2686. [PubMed:
12438293]

12. Cameron NE, Eaton SE, Cotter MA, Tesfaye S. Vascular factors and metabolic interactions in the
pathogenesis of diabetic neuropathy. Diabetologia 2001;44:1973–1988. [PubMed: 11719828]

13. Obrosova IG, Xu W, Lyzogubov VV, Ilnytska O, Mashtalir N, Vareniuk I, Pavlov I, Zhang J, Slusher
B, Drel VR. PARP inhibition or gene deficiency counteract intraepidermal nerve fiber loss and
neuropathic pain in advanced diabetic neuropathy. Free Rad Biol Med. 2007in press

14. Malik RA, Kallinikos P, Abbott CA, van Schie CH, Morgan P, Efron N, Boulton AJ. Corneal confocal
microscopy: a non-invasive surrogate of nerve fibre damage and repair in diabetic patients.
Diabetologia 2003;46:683–688. [PubMed: 12739016]

15. Pittenger GL, Ray M, Burcus NI, McNulty P, Basta B, Vinik AI. Intraepidermal nerve fibers are
indicators of small-fiber neuropathy in both diabetic and nondiabetic patients. Diab Care
2004;27:1974–1979.

16. Sumner CJ, Sheth S, Griffin JW, Cornblath DR, Polydefkis M. The spectrum of neuropathy in diabetes
and impaired glucose tolerance. Neurology 2003;60:108–111. [PubMed: 12525727]

17. Drel VR, Mashtalir N, Ilnytska O, Shin J, Li F, Lyzogubov VV, Obrosova IG. The leptin-deficient
(ob/ob) mouse: a new animal model of peripheral neuropathy of type 2 diabetes and obesity. Diabetes
2006;55:3335–3343. [PubMed: 17130477]

18. Vareniuk I, Pavlov IA, Drel VR, Lyzogubov VV, Ilnytska O, Bell SR, Tibrewala J, Groves JT,
Obrosova IG. Nitrosative stress and peripheral diabetic neuropathy in leptin-deficient (ob/ob) mice.
Experl Neurol 2007;205:425–436.

19. Toth C, Brussee V, Zochodne DW. Remote neurotrophic support of epidermal nerve fibres in
experimental diabetes. Diabetologia 2006;49:1081–1088. [PubMed: 16528572]

Pacher Page 3

Free Radic Biol Med. Author manuscript; available in PMC 2009 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


