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Introduction
The number of people with type 2 diabetes mellitus (T2DM) 

has been increasing worldwide [1]. The majority of patients 
with long-term course of diabetes mellitus (DM) (mainly T2DM) 
are diagnosed with cardiovascular diseases. Conditionally, there 
are two main forms of heart disease in case of DM: diabetic 
cardiomyopathy and ischemic heart disease (IHD). There is a 
metabolic stage (actual cardiomyopathy); metabolic-ischemic 
stage-IHD; myocardial infarction (MI); dystrophic coronary 
cardiosclerosis; cardiac autonomic neuropathy (CAN) [2]. 
Pathogenetic treatment includes: balanced diet and physical 
activity; reducing insulin resistance; optimization of glycaemic 
control; treatment of hyperlipidaemia; correction of metabolic 
abnormalities in myocardium; prevention and treatment of 
thrombosis; antioxidants, first of all α-lipoic acid (ALA); use of 
ω-3 polyunsaturated fatty acids; vasodilators; fat-soluble vitamin 
B1 (benfotiamine); treatment of concomitant diseases and 
syndromes (hypertension, heart failure and arrhythmias) and 
others [3,4]. The aim of this mini-review was to analyze the latest 
evidence about the effects of benfotiamine (BFT) (a lipid-soluble 
thiamine derivative with higher bioavailability than thiamine) on 
some metabolic and functional parameters in T2DM patients with 
diabetic angio-, neuropathies.

Discussion
Diabetes might be considered as thiamine deficiency (TD) 

state, if not in absolute terms at least relative to the increased 
requirements deriving from accelerated and amplified glucose 
metabolism in non-insulin dependent tissues that, like the vessel 
wall, are prone to complications [5,6]. Some oxidized thiamine 
metabolites could also play role in pathogenesis of diabetes 
complications. It is reported that plasma thiamine levels are 
decreased by 75% in T2DM patients [7]. The conventional 
indicator of thiamine sufficiency, erythrocyte transketolase 
(TKT) activity, is masked in clinical DM by increased protein 

levels of thiamine transporter-1 (THTR-1) and THTR-2. The TD 
in clinical DM may increase the fragility of vascular cells to the 
adverse effects of hyperglycemia and there by the increase of the 
risk of developing microvascular complications. A suppression 
of TKT activity, and subsequent down-regulation of the hexose 
monophosphate (HMP) shunt, resulting in accumulation of 
glyceraldehyde 3-phosphate (GA3P), fructose 6-phosphate (F6-P), 
and dihydroxyacetone phosphate may be at least one mechanism 
in the development of DM-induced vascular damage and other 
comorbidities [5,8-10].

It is hypothesized that genetic variability in TKT might 
contribute to susceptibility to early diabetic neuropathies 
(DN). TKT is indeed pertinent to the pathogenesis of diabetic 
microangiopathic complications. When activated in the cell by 
thiamine, TKT determines the diversion of F6-P and GA3P to 
the pentose-phosphates pathway (PPP), in this way it exercises 
a protective effect against three pathogenetic mechanisms of 
microvascular complications, i.e. the glucose-driven hexosamine, 
protein kinase C (PKC), and advanced glycation end products 
(AGE’s) pathways [11]. Therefore, changes in thiamine levels may 
be masked by an increase in THTR expression [12]. Thiamine and 
its derivatives have been demonstrated to prevent the activation 
of the biochemical pathways [increased flux through the polyol 
pathway, formation of AGE’s, activation of PKC, and increased flux 
through the hexosamine biosynthesis pathway (HBP)] induced by 
hyperglycemia in DM. TD plays a role in the diabetic endothelial 
vascular diseases (micro- and macroangiopathy), lipid profile, 
retinopathy, nephropathy, cardiopathy, and neuropathy [12]. 

Thiamine acts as a coenzyme for TKT and for the pyruvate 
dehydrogenase and α-ketoglutarate dehydrogenase complexes, 
enzymes which play a fundamental role in intracellular glucose 
metabolism. TKT and glucose-6-phosphate dehydrogenase, the 
rate-limiting enzymes of the PPP, are inhibited in the diabetic 
heart under basal conditions [13]. There is sufficient evidence 
to indicate that THTR’s and TKT activity are suppressed in DM. 
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Abstract

Benfotiamine (BFT) supplementation may provide benefits in the prevention of 
other diabetes-related vascular and neuronal comorbidities. The mechanism of 
BFT influence on diabetic angio, neuropathies pathogenesis is not well-known. 
Thus, further investigations aimed to understand the mechanism of action and for 
confirmation of the beneficial effect of BFT on biochemical parameters, dynamics 
of independent cardiovascular tests, daily monitoring of electrocardiography, 
arterial wall stiffness parameters among patients with type 2 diabetes mellitus, 
diabetic angio-, neuropathies and its associated comorbidities may be needed to 
validate this clinical findings.
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Restoring TKT activity via BFT or thiamin supplementation can 
increase the flux of glucose into HMP shunt, and also increase flux 
of GA3P and F6P into HMP shunt and away from hyperglycemia-
induced pathways that lead to vascular damage [9].

Experiences from cardiology indicate that long-term increases 
in heart rate variability and reduction in sudden cardiac death 
have only been shown with lipophilic agents that readily 
penetrate the blood nerve/blood brain barrier. In accordance 
with these observations experimental data indicate a preventive 
effect of BFT on the development of diabetic CAN [14]. Thiamine 
supplementation can prevent hyperglycemia-driven reductions 
in cell replication and proliferation as well as decreasing AGE’s 
formation. BFT has been shown to prevent increased markers 
of HBP activity, intracellular AGE’s formation, intracellular PKC 
activity and the nuclear factor kappa B (NF-κB) activation seen 
with in vitro hyperglycemic damage [15]. High-dose therapy of 
BFT suppressed AGE’s accumulation in the peripheral nerve 
and reversed DN potentially by reducing the levels of triose 
phosphates via activation of TKT [16]. Oral BFT in combination 
with the antioxidant ALA treatment normalizes production of 
angiopoietin-2, a marker of increased intracellular methylglyoxals 
in endothelial cells which contribute to AGE’s formation, and 
N-acetylglucose modified protein, a marker of HBP activity. 
Treatment with BFT has been shown to reduce activation of 
the polyol pathway of glucose metabolism and to increase TKT 
expression in the presence of hyperglycemia [5,15]. Activation 
of AGE receptors in DM, found on cardiomyocytes, pericytes, 
and podocytes, stimulates postreceptor signaling, intracellular 
reactive oxygen species formation, and altered gene expression, 
leading to vascular damage [9,17]. 

BFT significantly reduced inflammatory (10-300 mg/kg) and 
neuropathic (75-300 mg/kg) nociception in non-diabetic and 
diabetic rats. BFT significantly decreased production of pro-
inflammatory mediators such as inducible form of nitric oxide (NO) 
synthase and NO; cyclooxygenase-2, heat-shock protein 70, tumor 
necrosis factor-α, interleukin (IL)-6, whereas it increased anti-
inflammatory IL-10 production in lipopolysaccharide-stimulated 
BV-2 microglia. Moreover, BFT suppressed the phosphorylation 
of extracellular signal-regulated kinases 1/2 (ERK1/2), c-Jun 
N-terminal kinases (JNK) and a serine/threonine protein kinase 
(Akt/PKB). Treatment with specific inhibitors revealed that BFT-
mediated suppression of NO production was via JNK1/2 and 
Akt pathway, while the cytokine suppression includes ERK1/2, 
JNK1/2 and Akt pathways. Finally, the potentially protective 
effect is mediated by the suppression of translocation of NF-κB 
in the nucleus [18]. These findings suggest that thiamine/BFT 
may plays a role in modulating the inflammatory process [12]. 
The explanations about positive thiamine effects were confined 
to hydrophobic thiamine metabolites that fulfill an important 
function under oxidative stress (OS) and nitrosyl stress [6].

Dysautonomia is a broad term that describes any disease or 
malfunction of the autonomic nervous system (ANS). The various 
forms of mild to moderate vitamin deficiencies result in functional 
changes in the ANS. It is hypothesized that the predictable loss of 
efficiency in oxidative metabolism is the key to understanding the 

association of dysautonomia with many different diseases. Mild 
to moderate hypoxia and/or TD both give rise to exaggeration of 
centrally controlled mechanisms involved in all survival reflexes, 
mediated normally through a balanced reaction of the ANS 
and endocrine system. Chronic exposure to hypoxia increases 
the activity of the sympathetic nervous system and adrenal 
medulla and TD induces an early functionally significant central 
muscarinic cholinergic lesion [19]. BFT treatment counters DM-
induced cardiac mechanical dysfunction at the cellular level, 
associated with reduction in OS but not AGE’s formation or cardiac 
protein carbonyl formation. This apparent discrepancy in BFT-
elicited action on AGE’s formation and OS (the oxidized/reduced 
glutathione ratio) seems to indicate that other mechanism(s) may 
predominantly contribute to diabetes-induced OS and cardiac 
contractile dysfunction in current experimental setting. Possible 
candidates may include alteration in glucose metabolism and 
PKC activation [20], although further study is warranted to verify 
involvement of these signaling pathways and beneficial effects of 
BFT against DM complications.

A decrease in the blood supply to the heart caused by 
atherosclerosis or thrombosis is known to induce MI [12]. The 
results of our study revealed that the appointment of BFT to 
patients with T2DM and advances stage of CAN were accompanied 
by a decrease of the thromboxane B2 (TxB2) concentration and 
TxB2/6-keto-prostaglandin F1α ratio, which may contribute to 
the improvement of the functional state of the prostacyclin I2- 
TxA2 system [3]. Benfotiamine supplementation for 14 wks (100 
mg/kg/d) to streptozotocin-induced diabetic mice completely 
corrected hyperglycemia-induced disruptions in Ca2+ homeostasis 
and mechanical functioning of cardiomyocytes [9]. Cardiac OS is 
involved in heart failure that is induced by thiamine deprivation 
in rats. These findings suggest that thiamine modulates OS [12]. 
Endothelial NO synthase (eNOS) and NO may play an important 
role in attenuating cardiac remodeling and apoptosis. BFT 
reduces OS and activates eNOS to enhance the generation and 
bioavailability of NO, and it subsequently improves the integrity 
of vascular endothelium to prevent sodium arsenite-induced 
experimental vascular endothelial dysfunction [9]. CAN may 
contribute to an increase in artery rigidity, a cardiovascular risk 
factor [11,21].

Conclusion
There is moderate evidence from preclinical experimental 

models that high-dose thiamine and BFT (1) inhibit the HMP, AGE’s 
formation, and diacylglycerol-PKC through the TKT activation; (2) 
target at various surrogate markers of hyperglycemia-induced 
pathological processes [8,11] and (3) can delay the progression 
of microangiopathic complications [11]. Therefore, BFT may 
have therapeutic potential for neurological diseases by inhibiting 
inflammatory mediators and enhancing anti-inflammatory factor 
production [22,12,21]. The positive influences of BFT on such 
metabolic and functional parameters are partly confirmed by its 
neurotropic, cardioprotective, angioprotective and cytoprotective 
properties; this findings suggests the feasibility of its usage in the 
complex treatment of patients with T2DM and diabetic angio-, 
neuropathies. 
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