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Abstract
In the first part, this article review the accepted knowledge of type 1 diabetes, its physiopathology, the importance
of cytokines and the induction of apoptosis and necrosis during its evolution. Throughout this work we describe in
more detail the inhibition of this mechanism of cell destruction by acetyl-L-carnitine and nicotinamide. We also
explain the complementary action of their association which gave support to the treatment.
In the second part, we present the complete evolution of 8 children treated with the oral medication of 50 mg/
Kg of acetyl-L-carnitine plus 25 mg/Kg of nicotinamide during 5 years. We published the first 2 years of evolution
under treatment in these children (JPEM 26: 347, 2013). The children had positive auto-antibodies and were
consanguineous of type 1 diabetic patients. The intravenous glucose tolerance test (IVGTT) showed a first phase
of insulin release minor of 48 µU to enter in the protocol, and the same test was used for children evolution. Seven
out eight children stopped the treatment because they normalized the metabolic parameters and no one became
diabetic. All children increased the insulin response to IVGTT (between 1.44 to 5.69 times). Along the treatment,
seven of these eight children turned their positive auto-antibodies into negatives.
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Introduction
The number of diabetic patients was estimated in 366 million
people by a recent report of the World Health Organization, and this
population would be doubled by the year 2030, (http://www.idf.Org/
media-events/press-releases/2011/diabetes-atlas-5th-edition) reaching
552 million people and the estimated diabetes increment is 3% per year,
with fluctuations among different countries. From all these patients,
insulin-dependent diabetes represents 7-10% of established clinical
diabetes, and although type 1 diabetes is predominant in the infancy
and adolescence, it can be present at every age. For further information
about the presentation, evolution and prevention of type 1 Diabetes the
interested reader, there are many excellent reviews [1-4].
Trough revision of literature we will present a brief comment
about the current concept on the physiopathology of type 1 diabetes,
and further detailed information on the actions of acetyl-L-carnitine
and nicotinamide about the inhibition of pro-inflammatory cytokines,
apoptosis and necrosis of pancreatic ß-cell. Then we will present the
results in a group of children treated during 5 years with acetyl-Lcarnitine plus nicotinamide. It is worth highlighting that a previous
communication after short period of treatment has been published [5].

First Part - Literature Review Which Gave Support to
the Treatment
Current concepts on type 1 diabetes
It is accepted that before the appearance of clinical type 1
diabetes there is a period with a progressive decrease of ß-cell mass
with a reduction of insulin that is available. Finally, this fall of
insulin became an insulin deficit and the patient evolved to insulin
dependent diabetes.
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This evolution was related to the genetic predispositions (HLA
haplotypes DQB1 *0201, *0302, DRB1 *0301) and in populations with
more frequents haplotypes DQA1 *0501-DQB1 *0201 and DQA1
*0301-DQB1 *0302 [4]. This genetic predisposition could be associated
to other factors, such as viral infections (measles, mumps, among others)
to initiate the autoantibody generation and the beginning of autoaggression to pancreatic ß-cell. The autoantibody found were about
islets cells (ICA), glutamic acid decarboxylase o GAD65 antibodies
(GADA), proinsulin/insulin (PAA/IAA), tyrosine phosphatase-like
(IA2A), and zinc transporter-8 (ZnT8) [6,7]. The mechanisms involved
in ß-cell destruction are not explained by these known auto-antigens
without included macrophages, dendritic cells, T and B lymphocytes.
The sequences that finally trigger the immune-aggression could be
described; 1) in response to antigen presentation (APCs) in the local
pancreatic lymph node CD4+T lymphocytes proliferate and differentiate
into auto-reactive CD4+T cells (effectors T cells, Teffs); 2) the activated
Teffs release cytokines included IFN-γ and IL-2 which promotes the
recruitment of cytotoxic macrophages CD8+T lymphocytes that release
granzyme/perforin and increment CD8+ toxicity on ß-cells. These
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lymphocytes release into the pancreatic islets the pro-inflammatory
cytokines IFN-γ, TNF-α, IL-1B and accumulate more inflammatory
CD8+T cells (insulitis). This process promotes further mononuclear
cells recruitment [8].
There are animal models for type 1 diabetes, like C57BL/6J
inbred mice and non-obese diabetic (NOD) mice. C57BL/6J develops
an autoimmune response when treated with multiple sub-doses
streptozotocin and evolves to type 1 diabetes with mononuclear
accumulation (insulitis) in pancreatic islets. The autoimmune response
in C57BL/6J inbred mice has been demonstrated by numerous authors,
and the immune-aggression was measured [9-12]. NOD mice are
a model of spontaneous type 1 diabetes with autoimmunity against
ß-cell with islets insulitis [13, 14] which allowed researches to study
autoimmune evolution that evolves to type 1 diabetes. It is worth
mentioning that young NOD mice were protected from spontaneous
diabetes when transplanted with NOD islets from NOD mice treated
with streptozotocin [15].
Current knowledge showed the mitochondria as the place for
development of cellular apoptosis. However, as described, different
stimuli in the cellular membrane can activate the acid sphingomyelinase
(Sm) producing ceramide. It was known that some cytokines were
important in ceramide production like tumor necrosis factor alpha
(TNF-α), interleukine-1 beta (IL-1ß) and interferon-gamma (IFN-γ)
[16]. Notwithstanding, last time, it has been suggested that ceramide
appears later in the evolution of apoptosis, decreasing its role in the
apoptosis development [17-21]. Another point worth mentioning
was the caspases activation in cytoplasm by “dead receptors”, TNF-α,
irradiation, drugs like daunorubicin, staurosporin or other factors
[22,23].
In mitochondria, the level of peroxidation (with ROS production),
nuclear DNA damage due to radiation or some alteration in the electron
transport chain can induce the cytochrome-c release from inner
mitochondrial membrane with detention in electron transport and
changes in the relation ATP/ADP which is an apoptosis signal [11,17].
This evolve sequentially in the association of protein Bax to porin
(Vdac), changing the inner membrane permeability with the release of
Bcl-2 [17] facilitating the cytochrome c release from inner membrane.
With the alteration of electron transport chain and the permeability
of inner mitochondrial membrane, the membrane potential and the
oxidative phosphorylation were lost, a signal of mitochondrial damage
and apoptosis [11,17]. The following step in the apoptosis sequence can
be the formation of cytoplasm apoptosome with caspases activation
[19,24] and ceramide production. It is worth highlighting that this
evolution can increase peroxidation and mitochondrial damage [24].
Cytokines participation in this chain of reactions include IL-2
and IFN-γ after T cells activation and the rupture of lymphocytes
equilibrium (Tregs/Teffs), resulting in recruitment of cytotoxic
macrophages and CD8+T lymphocytes. In autoimmune diabetes, there
is a cellular response of auto-aggression with nitric oxide production
(NO) which is pro-apoptotic due to ROS induction [10,17,19,25].
The intracellular NO increments, higher than physiologic, can induce
apoptosis. The extra-cellular augments of NO increase Fas expression
in the cellular membrane, stimulate TNF-α and induce damage in
nuclear DNA [19].
There is equilibrium between the regulatory T cells (Treg) and Teff
cells which maintain peripheral tolerance, and its rupture not only
predisposes to type 1 diabetes but other autoimmune illness [8]. The
insulitis with macrophages accumulation produce destruction of ß-cell
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more frequently by apoptosis than necrosis, as described by Jae-Hyoung
et al. and Saisho et al. [26,27]. Depending the class of macrophages
stimulation, Th1-type induce cell-derived IFN-γ and proinflammatory
cytokines like TNF-α, IL-12, IL-1ß, IL-23 and toxic mediators like ROS
and NO, with the expression of inducible nitric oxide synthase. These
macrophages have increased antigen presentation ability [28]. The
factor/s which triggers the immune-aggression and finish in cellular
apoptosis and necrosis of ß-cell are not completely know, but this
knowledge would be required for immune-modulation [8,9].
Interesting enough, the cellular inductions of nitric oxide synthase
can increment the mitochondrial NO and produce apoptosis by
activation of pro-apoptotic Bax protein [19]. The immune response
induced apoptosis and necrosis by activation of interleukin-1ß
converting enzyme and cysteine protein protease-32-like proteases
(homologous to gen Caenorabditis elegans Ced 3) [19,29] and activating
by cleavage the poly-(ADP-ribose) polimerase (PARP) [29].
All this information enables us to propose whether in normal
conditions there is equilibrium between ß-cell destruction (apoptosis)
and regeneration in the autoimmune process the regeneration is scarce
due to an increment in cellular deaths which does not give time for
ß-cell regeneration. The process is out of equilibrium and directed
to cellular destruction. Although the way is to stop the autoimmune
process, there is a possibility of modifying this evolution by decreasing
apoptosis and necrosis and increasing ß-cell regeneration.

Inhibition of apoptosis and necrosis with acetyl-L-carnitine
and nicotinamide
The possibility of inhibiting “in vivo” and “in vitro” the apoptosis
and necrosis with the administration of L-carnitine [30-32], acetyl-Lcarnitine [33] and nicotinamide [34,35] is well known. It was proposed
that the degree of inhibition of carnitine palmitoyltransferase-1 (CPT1)
should be a mitochondrial mechanism of cellular apoptosis, but
current studies suggest that apoptosis was more dependent on fatty
acid transported than the inhibition level of CPT1. The palmitoylcarnitine contributed to apoptosis when it was in evolution, but in its
absence the palmitoil-carnitine did not induce it [36]. The palmitate
inhibited CPT1, induced ceramide accumulation, inhibited the
mitochondrial electron transport and induced cytochrome-c release
[36]. A possible explanation about the protection of apoptosis by acylcarnitines, opposites of apoptosis increments by palmitoyl-carnitine
were supported that palmitate, and specifically the palmitoyl-CoA,
competing with mitochondrial acetyl-transferases and increments
mitochondrial palmitate [37]. Otherwise palmitoil-CoA was the
limiting step in ceramide synthesis and its increase could contribute to
an increment of ceramide [38].
The acyl-carnitines activated CPT1 [37] and L-carnitine or acylcarnitines protected the development of apoptosis induced by “dead
receptors” like CD95 (also known as Fas or Apo1) while palmitoylcarnitine increased apoptosis [38]. L-carnitine at doses of 200 mg/
Kg/48 h increased “in vivo” the anti-apoptotic hormone IGF-I restoring
its levels decreased in diabetes by streptozotocin [39]. NOD mouse
model was protected when transferred with autoreactive T cells treated
with IGF-I. The hormone plays an integral role in the development
and functions of ß-cells because IGF-I stimulates ß-cells growth. The
hormone can modulate the immune response in diabetes because it
expressed and maturated CD3+T and CD8+T cells in thymocytes and
splenocytes [40]. Thus, L-carnitine through the increment of IGF-I can
modulate the immune response.
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L-carnitine interacted with cardiolipin in the inner mitochondrial
membrane, stabilizing the membrane and protecting the mitochondrial
function [41]. L-carnitine in mitochondrial matrix is the transporter
of
metabolic
residues
(acetylcarnitine,
propionylcarnitine,
malonylcarnitine, among others) as well as xenobiotics, acting for
mitochondrial detoxification [41]. The antiapoptotic activity of
L-carnitine was demonstrated through its prevention in ceramide
production and the regulation of caspases activities (caspase 8 as the
beginning of apoptosis and caspase 9 in the chain of activation) [24].
In isolated hepatocytes, the addition of L-carnitine did not increase
the ß-oxidation but incremented the availability of mitochondrial
acylcarnitines [38] suggesting that L-carnitine in normal concentration
was sufficient for high ß-oxidation activity. It has also been observed
that peroxisomal acylcarnitines can cross to mitochondria by diffusion
without CPT1 activation [42] although the metabolic implication of
this transport was not quantified.
Moreover, it was demonstrated in salmons that high and constant
doses of L-carnitine decreased the fat content and increased proteins
in tissues [43]. In this experimental model, the were observed
with L-carnitine: an increased amino acid synthesis from the Kebs
cycle with high metabolic flux through pyruvate carboxylase (PC),
incremented oxaloacetate and decreased branched-chain amino acid
degradation. Under normal conditions, increments of citrate increased
oxaloacetate with activation of acetyl-CoA carboxilase (ACC), which
augmented malonyl-CoA with the secondary inhibition of CPT1. This
evolution, in turn, inhibited mitochondrial transport of fatty acid with
detention of ß-oxidation. However, this chain of reactions did not
occur in the experimental model with high doses of L-carnitine. An
increment of 73% was observed in palmitate ß-oxidation and 81% of
the flux was increased through PC to produce oxaloacetate (due to
an incremented synthesis of the enzyme). The branched-chain amino
acids were incremented most likely due to a decrease in the activity
of mitochondrial enzyme branched-chain α-ketoacid dehydrogenase
complex (BCKDC). There was an augmented amino acid synthesis
(between 7% and 112% depending on amino acid considered),
incremented oxaloacetate which increased gluconeogenesis between
120% and 210%, and an incremented protein synthesis between 20%
and 60% due to pool availability of essential and non-essential amino
acids [43]. The feedback inhibition due to increments in citrate and
malonyl-CoA was not observed because:
1- The acetyl-CoA did not increase because the production was in
equilibrium with the consumption.
2- The ATP/ADP relationship was unchanged because the acetylCoA consumption was directed to protein synthesis.
3- There were neither citrate nor acetyl-CoA increments because
both were in equilibrium. Then, there was not an increment of ACC
activity.
4- There was no detention of ß-oxidation because there was not
malonyl-CoA increment [43].
The metabolic activity was similar to the “knock out” model
of mitochondrial isoenzyme of acetyl-CoA carboxilase [44].
Consequently, it can be postulated that increased doses of L-carnitine
produce more energy by fatty acid oxidation and increased anabolism
due to pyruvate availability. Insulin and palmitoyl-carnitine inhibited
the BCKD complex and augmented the branched-chain amino acids
at disposition [45,46].The treated salmon showed high protein content
with less grass storage than the untreated salmon, with a significantly
Immunome Res
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higher amount of branched chain amino acids in tissues and blood
[43]. The interpretation of this behavior was an increased glycolysis by
insulin with more available ADP for ATP synthesis (as explained by
hexokinase shunt) [47] and pyruvate in mitochondrial matrix, with an
incremented Krebs cycle activity and oxaloacetate availability.
Acetyl-L-carnitine has a similar anti-apoptotic activity than
L-carnitine. The same as L-carnitine incremented the proteins synthesis
and decreased grass storage by increased fatty acid ß-oxidation with
ATP increments. Moreover, the leptin resistance was reduced in
old animals [33], and also the apoptosis was reduced as shown in
cultures of “Jurkat cells” [37] and neuronal cells [48]. The induction of
ATP synthesis was fast because acetyl-L-carnitine came directly into
mitochondria, participated in the pool of acetyl-CoA and the acetyl
group was consumed in the TCA cycle [49]. It has been demonstrated
that L-carnitine and acetyl-L-carnitine in normal subjects augmented
the glucose storage in tissues, with less glycogenolysis, increasing
insulin sensitivity and glucose oxidation [50-52]. Likewise, many
experimental works showed the protection of acetyl-L-carnitine on
nerve system [53,54] and protein glycation in diabetes [55]. It was
published that treatment with L-carnitine increased fatty acid transport
but no ß-oxidation [30]. New studies showed that increments of
L-carnitine augmented ß-oxidation of saturated and non-saturated
fatty acids [56,57].
Acetyl-L-carnitine treatment induce the activity of coactivators
PGC1-α/PGC1-ß of peroxisome proliferator-activated receptor gamma
which participates in mitochondrial biogenesis and signaling pathway,
promoting in old liver rats a new mitochondrial population [58].
L-carnitine diminished in tissues with the age, especially in males,
but in blood it remained normal [59]. In diabetes L-carnitine was
found consistently decreased in blood [57-59]. It was suggested that
L-carnitine was lost by urine [60]. Also, it has been proposed that it is
convenient to treat diabetic patients with L-carnitine [61,62].
It has been reported by La Marca et al. [63] low concentrations
of L-carnitine and its derivatives in neonates at birth and the authors
showed the potential of L-carnitine assay in diagnostic of type 1 diabetes.
They also proposed the treatment with supplementary L-carnitine to
improve the thymic tissue-specific auto-antigens, increasing thymic
“central tolerance” avoiding auto-aggression.
Following the above physiological descriptions, it can be postulated
that pharmacological increments of L-carnitine or acetyl-L-carnitine
inhibits cell apoptosis and increase fatty acid oxidation and tricarboxylic
acid cycle activity.
Another mechanism of apoptosis inhibition was nicotinamide,
a precursor of NAD+ [64]. Nicotinamide impeded the activation
of caspases 3 and 9 maintaining the stability of Vdac in vascular
endothelium [34]. However not only has it done it, also protect the
mitochondrial membrane potential and impede the cytochrome c
release, preventing the induction of caspases 8, 1 and 3 [65]. Large doses
of nicotinamide also prevented the diabetic evolution in NOD mice and
decreased the pancreatic insulitis [66,67]. The same protective effect
was observed with isonicotinamide (a nicotinamide derivate) in mice
became diabetic after receiving 3 different doses of stretozotocin [68].
In primary cultures of isolated hepatocytes from adult normal rats, 10
mM of nicotinamide associated to insulin and epidermal growth factor
prolonged the cultures for more than one month [69].
Nicotinamide inhibited the gene of poly (ADP-ribose) polymerase
(PARP) a generator of cellular necrosis [35]. Its activation was produced
by the proteolytic cleavage of cysteine-protein 32, simil protease (CPP)
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Objectives to reach in acetyl-L-carnitine plus nicotinamide
administration
In cellular response of auto-aggression with high NO production
and secondary ROS induction, as demonstrated in autoimmune diabetes
[10,17], acetyl-L-carnitine and nicotinamide could act by decreasing
the apoptotic response and by giving time to cellular regeneration. This
reasoning could be applied to autoimmune prediabetes demonstrated
by auto-antibodies, a decreased first phase of insulin release, and low
integrated insulin area after glucose stimulation with high glucose
values during intravenous glucose tolerance tests. We could hypothesize
that high doses of acetyl-L-carnitine and nicotinamide could produce
an increment in cytosolic NAD+ with activation of citrate-malate
shuttle and a secondary increase in mitochondrial NADH, activating
citric acid formation and TCA flux. Specifically, an increase in succinate
or succinic acid monomethyl ester stimulated proinsulin biosynthesis
in ß-cells. The increment in energy, insulin, IGF-I, amino acid synthesis
and the availability of branched chain amino acid are basic conditions
for ß-cells regeneration [75-77].
It is important to emphasize the absence of toxicity for these
natural compounds [70,71,78,79]. The proposed doses of nicotinamide
was demonstrated as without toxicity [70,71] and oral administration
of very high doses of L-carnitine only produce diarrhea for osmotic
reasons, without toxic signals [38]. However, the deficit of L-carnitine
produced cellular damage with neurological manifestation [80]
because L-carnitine and its derivatives are physiological regulators of
peroxisomes interaction with mitochondria [57]. Its administration
was recommended during infancy and old age [70,81].

Studies supporting the proposed treatment
A number of studies demonstrated that cytokines could be
modulated with the addition of acetyl-L-carnitine and L-carnitine [62].
We investigated if L-carnitine could modify the “in vitro” inhibition
of insulin release of normal ß-cells when they were co-cultured with
splenocytes from diabetic mice [81]. We observed (Figure 1) that
“diabetic splenocytes” decreased the insulin secretion from normal
ß-cells stimulated with 16.5 mmol/L of glucose plus 5.5 mmol/L of
theophylline; and 200 µg/well of L-carnitine can overcome this inhibition.
The inhibition was probably due to cytokines released [82-84].
This study allowed us to think that the association of acetyl-Lcarnitine and nicotinamide could have similar behavior in experimental
animals. The combined treatment was studied in male C57BL/6J
inbred mice, after inducing autoimmune diabetes with the injection of
multiples low doses of streptozotocin. A prolonged treatment with 50
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DIABETIC SPLENOCYTES AND L-CARNITINE
“In vitro” Co-culture
Insulin secretion with dispersed cells
Response to diabetic splenocytes
Pre-Inc.

30

Insulin secretion

named apoptain. The proteolytic activation of PARP was also produced
by interleukin-1ß simile-converting enzyme, and this enzyme (IL1ß) has been described as the apoptosis initiator in type 1 diabetes
[13]. PARP rebuilt damaged DNA and this function required normal
concentrations of NAD+. When NAD+ was not sufficient for its function,
the enzyme was activated in non-reversible form and consuming
ATP until cellular necrosis occurred [35]. Nicotinamide was a potent
inhibitor of pro-inflammatory cytokines through inhibition of PARP
[70,71], and this activity was not only based on its anti-apoptotic
and anti-necrotic action due to PARP gene inhibition but also on
its capacity to be a NAD+ substrate [64,67]. With an enzyme Km for
DNA of 86.5 µM, and an apparent Km for NAD+ of 20 µM [70, 72-74],
a nicotinamide dose in humans of 25 mg/kg body weight reached a
plasma concentration of 0.3 mM [64] demonstrating that nicotinamide
at this dose was sufficient for PARP inhibition [70].

Basal
Estim.

20
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0
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LN-C
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Figure 1: The islets cell suspension (100 μl/well) was 5 × 103 cells. The
incubation was 18 hours at 37°C, alone or with addition of 4 × 106 mononuclear
cells from “control” or “diabetic” mice. The limit of insulin secretion under
stimulation of 16.5 mmol/L glucose plus 5.5 mmol/L theophylline was more
than 25 μU insulin/5000 dispersed islets cells in 5 min. Below this value it was
assumed as “immune aggression” [82].
B: basal insulin secretion; LN: insulin secretion with normal splenocytes; LNC: insulin secretion with normal splenocytes and 200 μg/well of L-carnitine;
LD: insulin secretion with “diabetic” splenocytes; LD-C: insulin secretion with
“diabetic” splenocytes and 200 μg/well of L-carnitine. The bars show Mean ±
SEM (n: 5 replicates).
Statistic
B: 29.57 ± 0.33; LN: 30.06 ± 0.38; LN-C: 24.57 ± 0.38; LD: 9.44 ± 0.43; LDC: 17.04 ± 0.40. B vs. LN: no sig.; B vs. LN-C: p<0.001; B vs. LD: p<0.0001;
B vs. LD-C: p<0.0001; LN-C vs. LD-C: p<0.002. L-carnitine decreased the
insulin secretion of isolated islet cells but overcame the inhibition of “diabetic”
splenocytes.

mg/Kg of acetyl-L-carnitine and 25 mg/Kg of nicotinamide resolved
the immune diabetes induced in mice [82]. The associated treatment
normalized the glucose levels, plasma insulin and normalized the ß-cell
mass. After 30 days of treatment, a negative evolution was observed
in all parameters under study, and after that, it was observed that all
the same parameters were improved (Figure 2). There was a first peak
recovery observed in perifused pancreas and the ß-cells mass of islets
was normalized with normal insulin content. The immune aggression
evolved from 9 to 20 (normal>25).
Another publication with the association of acetyl-L-carnitine,
nicotinamide, lipoic acid and biotin improved mitochondrial biogenesis
in type 2 diabetic Goto-Kakizaki rats. The treatment increased complex
I and II in mitochondrial respiratory chain and the genes involved in
lipid metabolism [85].
It has been recently published that in rats fed with a sucrose rich
diet (which produce insulin resistance) a treatment with 50 mg/Kg of
acetyl-L-carnitine and 25 mg/Kg of nicotinamide reduced the insulin
resistance, increased the insulin secretion and normalized the blood
glucose; thus increasing the glucose disappearance rate (Kg). The
treatment diminished triacylglycerol in muscle and plasma, decreased
hepatic steatosis, and normalized CPT1, improving ACC and fatty acid
synthase [86].

Second Part - Case Report, Evaluation of Five-Years
Treatment
Epidemiologic studies showed that siblings with type 1 diabetes had
6-10% of potential risk for this illness, but it was observed that only 1015% of children with this potential risk developed clinical diabetes [1].
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Figure 2: Technique: hematoxylin-eosin and insulin immunostained (400X)
A - Diabetic group (not treated): a-b day 8; c-d day 12; e-f day 30; g-h day 110.
B - Control group (normal islet): a-b. Diabetic group (treated): c-d day 12; e-f day 30; g-h day 110. The arrows showed mononuclear cells.
The islets recover the insulin stained mass and its normal size after 110 days of intraperitoneal injection of 50 mg/Kg of acetyl-L-carnitine and 25 mg/Kg of nicotinamide.

This potential risk was increased if the siblings had the genetic
predisposition (specially the alleles DQB1*0302/*0201 of high
susceptibility) which increased the possibility of developing autoantibodies. The presence of more than one autoantibody increased the
statistical value of developing type 1 diabetes [1,3]. Finally, preclinical
diabetes was suspected when the immunologic markers and susceptible
genotypes were associated to metabolic parameters showing decreased
insulin and abnormality in its secretory pattern, with an elevation
of blood glucose during an IVGTT. Under these conditions it was
estimated that 25-50% of these children evolved to type 1 diabetes in 5
years (DPT1 study, Diabetes Care 31: 146-150, 2008).

The selections of these children were described in a previous
work [5]. Briefly, all children were consanguineous of type 1 diabetic
patients, and were positive for one or more auto-antibodies. GADA,
PAA/IAA and IA2A were determined by reference radioligand binding
assay (RBA). GADA results were calculated as GADA antibody
index as previously described [87] and expressed as SD score. IA-2A
was determined by RBA essentially as described for GADA using
ICA512bdc gene, coding for residues 256-979 of IA-2A. PAA/IAA was
determined by RBA and results were calculated as B% and expressed
as SD score. All autoantibody assays were considered positive if SD
score>3 [87].

Material and Methods

Polymorphism in HLA-DQB1 gene was typed using polymerase
chain reaction (PCR) and sequence-specific oligonucleotide (SSO)
probes with Kit Inno-LIPA HLA-DQB1 (Innogenetics, Zwijnaarde,
Belgium) [88].

We studied 70 siblings of type 1 diabetes patients treated with insulin,
but only 64 were restudied. From them, 2 children developed clinical
diabetes before a new study to confirm their inclusion in the program.
This evolution showed, during the short period of observation, that
children studied were of high risk of diabetes. We selected 9 children
to be included in the treatment, and one of them developed clinical
diabetes after 10 months of treatment. The other 8 children are present
in this paper after 5 years of treatment.
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The children were studied with IVGTT and by means of the same
test the following data was measured: the first phase of insulin response
(FPIR<48 µU insulin) [89,90], the integrated area of insulin secretion,
the glucose disappearance rates (Kg), the equation and HOMA-IR [91].
The value accepted for the integrated area of insulin was <200 µU

Volume 11 • Issue 2 • 1000094

Citation: Fernandez I, Tonietti M, Camberos MDC, Bergada I, Schenone A, et al. (2015) Acetyl-L-Carnitine and Nicotinamide for Prevention of Type
1 Diabetes. I-Literature Review which Gave Support to the Treatment. II-Case Report, Evaluation of Five Years Treatment. Immunome Res
11: 094. doi: 10.4172/17457580.1000094

Page 6 of 11
without peaks, but this condition is extreme and it was found in type 1
diabetic children of recent diagnosed [92].
The equation “logn (ins. area) × Kg” (Eq) related the amount of
insulin secreted under glucose stimulation to the glucose disappearance
rate (Figure 3). It was interpreted as the functional expression of
glucose response to the amount of insulin secreted in the IVGTT and
it was adopted due to its simplicity and the requirement of few insulin
samples.
The normal pediatric glucose values for ISPAD (International
Society for Pediatric and Adolescent Diabetes) during fasting were 100
mg%, intolerance between 100 mg% and 125 mg%, and over this value
clinical diabetes was considered. The glucose values for IVGTT were
144 mg% (8 mmol/L) at 60 min (Joslin Diabetes Center). We found
during an OGTT in 100 normal children a value of 126 mg% (+2
SD) at 120 min [93]. For these reasons we believe that glucose values
higher than 126 mg% in IVGTT should be treated because it had been
considered that a normal IVGTT at 60 min should have the same value
or lower than the basal glucose value.
The statistical model was the “Intention to treat” (ITT) [94,95] which
enables the researcher, when the child surpasses certain parameters
previously described to change the group. The use of “Control” for
children is not ethical, more when the treatment poses no risks. The
parameters were: basal glucose>110 mg%, glucose at 60 min>126 mg%,
Kg<1.41 and Eq.<15.
The children started when they were recruited, and therefore the
times of treatment differed. The conditions for recruitment took a long
time and we decided to continue with the selected children at that
moment. Throughout the study and due to the evolution, all children
were treated.

Results
Two of these children showed a genetic predisposition and were
homozygous for DQB1 alelles, and 6 were heterozygous. The most
important results of previous evolution from the eight children are
shown in black and the follow up is present in blue (Table 1). It can be
observed that no one became diabetic during this prolonged evolution.

Out of 8 children 7 stopped the treatment and two among all
patient required special attention and their evolution is described.
The first studies of child RU were conducted in March 2008. He was
randomly included in the group of non-treated patients, until October
2008 hyperglycemia was added to low FPIR. During his evolution
he presented an integrated insulin area<200 µU with glycosuria but
clinically asymptomatic and normal growth rate. He was carefully
followed without interrupting the treatment and finally he recovered
his altered metabolic parameters. He had been on medication 5 years
and 6 month (Table 2). He received half of the initial doses until a new
study (June 2014) when we decided he stop the treatment.
The child PM started his treatment with a glucose value of 205 mg%
at 60 min which was compatible with established clinical diabetes, but
upon physicians’ and parents’ request, he was included in the protocol
(with a prior clarification that he later receives the treatment). He
persisted with low FPIR, low Eq. values and hyperglycemia but clinically
asymptomatic with normal growth and education. The integrated
insulin area increased with the treatment but the other parameters were
kept without correction (FPIR, glucose values and HbA1c). During
their studies this child normalized the HbA1c but with high HOMA-IR
(Table 1) and we prescribed half of the doses of acetyl-L-carnitine and
nicotinamide. In June 2014, in a new study, he normalized the glucose
and HOMA-IR but the integrated insulin area, Kg and Eq. decreased
in excess; for that reason we started again with the complete doses of
acetyl-L-carnitine and nicotinamide.
The children PM and AF showed a fall of Kg and an increment of
HOMA-IR after a rise of insulin. If we carefully observe all children
during the treatment evolution, it could be established that insulin
increments were followed by increments of HOMA-IR. The child PM
is an example because he normalized his glucose values and HOMA-IR
during a dramatic insulin fall, indicating that glucose is an important
marker of insulin resistance and the treatment must be sustained
still with high glucose values. When we plotted the total insulin area
under glucose in IVGTT with the HOMA-IR, we found a significant
correlation (Figure 4).
The insulin area in the IVGTT was incremented between 1.44 to
5.86 times (Table 2), and the insulin increments over 1000 µU were

Correlation: FPIR and Equation
600

FPIR (µU insulin: 1+3 min)

The children treated over a period longer than 1 year had a normal
evolution in their metabolic parameters and they increased the total
insulin under glucose stimulation (Table 2).

400

200

0
0

10

20

30

40

50

logn (ins.area) x Kg

Figure 3: : Normal controls without diabetic antecedents; : Obese children
with acanthosis nigricans; : Patients from this study.
The points belong to 17 normal controls without familial diabetic antecedents;
9 obese children with acanthosis nigricans (with high insulin values) and 21
patients from this study with normal or low insulin values.
There was a positive correlation between the Equation and FPIR (R2=0,5339,
p<0.001, n: 47).
Vertical lines are the limits of normal controls and to avoid over diagnoses we
used a value below 15.
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Figure 4: The points belong to children from this study under treatment with 50
mg/Kg of acetyl-Lcarnitine plus 25 mg/Kg of nicotinamide. All tests performed
in these children were included. There was a positive correlation between
HOMA-IR and Insulin area.
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Name

B.L.
4y 8m
DQB1
0201/*0604
PAA: 0,36
*

“Kg”

Insulin
area
(µU)

HOMAIR

Equation

Basal
glucose
(mg%)

60 min
glucose
(mg%)

Hb
A1c

30
88
31
36
61
80
116

1.34
2.88
1.71
3.34
2.23
2.88

526
774
823
1258
2154
1865

0.63
2.93
0.29
0.74
1..35
0.92

8.4
19.16
11.48
23.84
15.33
21.69

64
88
68
59
71
71

57
79
94
64
108
129

5.5

47

3.33

778

0.44

22.17

97

121

6.0

-99
123
81

4.27
3.89
3.81
3.90

430
1324
1390
1327

0.74
1.99
1.96
2.06

25.89
27.96
27.57
28.04

112
99
117
110

114
101
109
95

6.2
6.3

Date of
study

Date of
treatment

FPIR
(µU)

2/28/00
2/16/01
8/4/03
2/8/11
6/14/11
10/11/11
12/21/12

8/6/01
“
“
“
NT-8/14/11

10/6/09

O.M.
6y 5m
DQB1
*
0301/*0601
PAA: Pos.

5/17/11
10/25/11
6/12/12
6/4/13

PVT.S.
8y 10m
DQB1
*
0302/*0402
GAD: 0,75
IA2A: 0,04
PAA: 0,65

10/31/07
3/17/08
1/5/09
12/29/09
9/21/10
7/19/11
7/2/13

11/13/07
“
“
“
NT-3/1/10

<2
41
38
186
100
126

0.92
2.18
4.86
6.14
3.27
2.13

611
474
749
1650
1756
1699

0.40
0.56
0.56
1.68
2.26
2.13
2.62

5.90
13.19
32.17
45.49
24.43
15.84

56
82
76
80
90
74
105

169
74
72
56
111
82

H.P.
17y 4m
DQB1
*
0302/*0402
PAA: 8,17

4/26/07
8/16/07

4/26/07
“
NT-9/1/09

9
36

0.88
1.06

1152
574

1,05
0,39

6.20
7.73

72
73

152
169

49

2.07

1429

1,64
1.11

15.04

83
88

162

5.2
4.8

29
75
51
51
71

1.84
1.87
2.39
1.93
1.87

1354
627
1103
977
1315

1.05
0.23
0.62
0.81
0.82
1.17

13.27
12.04
16.74
13.28
13.43

73
72
66
85
67
82

73
141
97
---125
109

5.4
--5.6
5.9
6.3
5.7

48
108
77
78
91
70
57

4.19
2.48
3.02
1.68
2.39
4.56
1.48

752
1198
776
1086
1504
1023
904

27.75
17.58
20.09
11.74
17.48
31.60
10.07

125

2.48

1876

1.67
2.40
1.87
2.33
2.28
2.22
2.17
3.15
2.78

103
110
119
98
112
113
121
117
126

102
112
111
125
121
111
151
139
---

5.8
7.1
7.1
6.4
5.9
7.9
---6.1
5.6

<2
51
58

2.48
3.84
3.29

156
637
668

12.52
24.79
21.40

§

2.54
2.10
3.10
2.74
3.03
3.60

724
807
838
790
756
887

102
108
127
125
107
156
118
120
117
87

103
106
136

50
80
89
72
70
121

0.43
1.17
1.72
1.20
1.75
1.49
1.30
1.33
1.20
1.21

17
27
14
47
34
44

2.43
1.53
2.66
3.74
1.60
1.23

259
391
596
779
516
768

13.50
9.13
16.99
24.90
9.99
8.17

1.03

373

80
100
108
130
108
124
132
111

146
140
154
130
161
178

28

0.37
0.90
1.06
2.58
1.26
2.66
3.12
0.95

A.N.
15 y
DQB1
*
0201/*0201
GAD:0,01
PAA:1,50
IA2A:1,05

A.F.
7y
DQB1
0302/*0201
PAA: 6,35
*

R.U.
5y 9m
DQB1
0402/*0302
IA2A:1,41
*

P.M.
7y 5m
DQB1
0*0302/*0103
PAA: 0,65

9/21/10
7/16/13
12/21/10
12/13/11
5/24/12
8/24/12
1/8/13
3/5/14
3/1/10
5/10/11
9/20/11
6/9/12
11/13/12
4/9/13
9/3/13
5/21/14
11/5/14
5/12/09
4/26/11
8/9/11
10/18/11
12/6/11
5/15/12
9/4/12
1/15/13
5/7/13
6/2/14

7/12/11
11/1/11
6/24/12
10/16/12
3/05/13
7/23/13
5/3/14
6/2/14

11/4/09
“
NT-10/25/11

4/20/10
“
“
“
“
“
“
NT-3/5/14
5/12/10
“
“
“
“
“
**
6/20/14
NT-11/5/14
10/16/08
“
“
“
“
“
“
“
“
“
“
NT-6/10/14
11/4/09
“
“
“
“
“
“
“
“

20.95

16.73
14.06
20.86
18.28
20.08
24.43

6.10

130
170
--153
144
128

112

7.0
5.1
5.4
5.1

6.5
8.3
7.4
7.0
7.3
6.7
7.1
7.7
6.1

5.9
6.6
6.5
7.1
7.2
6.9
6.0

Black numbers: data selected from previous study (JPEM 26: 347, 2013). Blue numbers: new studies. Abnormal values appear in bold type, and underlined the glucose
values accepted as intolerance for ISPAD or Joslin Diabetes Center *HLA-DQB1. Antibody concentrations are in the first column in bold type.
§
Positive glycosuria. **Half doses of treatment. NT: No Treatment.
Table 1: Individual evolution of children.
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Children

Minor value
(date)

Final value
(date)

After suspension
(date)

Insulin increments

BL

526 µU (8/01)

1258 µU (6/11)

1865 µU (12/12)

Final - 2.39
Afer Susp. - 3.55

OM

430 µU (1/09)

1390 µU (6/12)

1327 µU (6/13)

Final - 3.23
Afer Susp. - 3.09

HP

494 µU (1/08)

751 µU (8/09)

1429 µU (8/09)

Final - 1.52
After Susp. - 2.89

PVTS

474 µU (8/08)

1756 µU (1/10)

1699 µU (7/11)

Final - 3.70
After Susp. - 3.58

AN

627 µU (12/10)

1315 µU (1/13)

AF

424 µU (6/08)

1876 µU (11/14)

RU

156 µU (5/09)

756 µU (5/13)

PM

244 µU (3/11)

373 µU (6/14)

1315 µU (1/13)

Final - 2.10
After Susp. - 2.10

1876 µU (11/14)

Final - 4.42
After Susp. - 4.42

887 µU (6/14)
--------

Final - 4.85
Afer Susp. - 5.69
Final - 1.44

The evolution of integrated insulin area was determined with an IVGTT during the study. Dates were between parenthesis.
Minor value: the lowest value reached in the integrated insulin area during the study.
Final value: the last value obtained during the study.
Susp: the last integrated insulin value obtained after suspension.
Table 2: Integrated insulin area during ivgtt.
Weight
Children

Initial

Eight

Final

Initial

comparison with their brothers whether they are diabetics or not
(Table 3).

Time

Final

Treatment

50

50

75

2 years 10 months
4 y 4 m (half doses)

75

90

97

97+

2 years 11 months

50

50-75

75

75

1 year 10 months

PVTS

25

25-50

25

50

1 year 9 months
8 m (half doses)

AN

50

50

90

75

3 years 11 months

AF

75

90

97

97+

4 years
2 m (half doses)

RU

25

50

50

75

5 years 6 months
1 m (half doses)

BL

25-50

OM
HP

We descript the clinical parameters, antibodies and time of evolution of children
under study. Weight and height are expressed in percentiles. “Initial” was the first
determination after to enter at the study, and “Final” was the last determination. y:
Years; m: Months; NEG: Negative. The P97+ signifies that these children changed
their percentiles over 97. As described in the table, the time of treatment (total dose
or half of dose).
Table 3: Evolution of children.
DATE OF ASSAY

GADA

PAA

IA-2A

April 2007

POS

0.05

NEG

NEG

September 2008

POS

0.044

NEG

January 2009

POS

0.049

POS

July 2009

POS

0.052

NEG

NEG

December 2010

POS

0.03

NEG

NEG

August 2011

POS

0.075

NEG

July 2013

POS

0.086

NEG

POS
4.607

5.69

NEG

Autoantibody evolution during treatment (bold numbers), and after suspension
of treatment (from December 2010, normal numbers). The values are after
substraction of non-specific.
Table 4: Autoantibody in child pvts.

observed in 6 children out 8. Six of 8 children incremented their
height and change their percentiles before pubertal development,
included when they were over P97. The only two children without
changes in their percentiles were treated between 16 and 17. All
final percentile values were obtained in the last study 90 Clinically
all children presented a good evolution, without intercurrences or
intolerance to treatment. They were lean, tall, with good scholar
learning, activity and with a better aspect (body skin and hair) in
Immunome Res
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During the study we found that positive auto-antibodies became
negatives and this finding was not foreseen in the protocol. Only a child
(PVTS) maintains a positive GADA antibody which decreased during
the treatment and increased when he stopped the treatment (Table 4).

Discussion
From the experimental studies in mice, we deduced that the time
of treatment had to be prolonged. Moreover, the previous conditions
to initiate the treatment require a sufficient mass of ß-cells to be
regenerated. This mean that children with metabolic parameters
suggesting a very high insufficient ß-cells mass could not start the
treatment. This theoretical considerations lost relevance when they
were contrasted with the results obtained with the treated children.
Many of them, if not all, would be type 1 diabetics and the recovery
obtained was with the administration of 3 tablets a day. The results
suggested that treatment sustained for more than 1 year should be
continuous still if the metabolic parameters were without correction as
observed in RU and PM. RU is an example of this concept because he
was treated even with an integrated insulin area<200 µU (tonic insulin
secretion) glycated hemoglobin over 8 with glycosuria, and a prolonged
treatment allowed him to recover metabolic parameters and suspend
the treatment in June 2014. Naturally, the children need a continuous
medical control.
Insulin resistance was observed after insulin increments, but this
behavior was not a response to the proposed treatment it is a general
response to insulin increments, not only by endogenous secretion but
even during insulin treatment [89]. In these children, the protection to
this behavior could be, after obtaining the recovery of insulin secretion,
a reduction to half of the doses because in the cases in which it was
done, the results were equally successful.
It was impossible to understand diabetes without taking into
account the participation of mitochondria ecause succinate and
oxaloacetate induce the synthesis of proinsulin. Nicotinamide is a NAD+
substrate for mitochondria [64,67]. Otherwise, NAD+ participates in
regulation of BCKDC and also in TCA flux. When an increment of
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NAD+ is required, because the chain of reactions in the TCA cycle is
not sufficient, cytosolic NAD* is transported to mitochondria through
pyruvate/citrate shuttle. This requires an excess of mitochondrial
acetyl-CoA that can be provided by acetyl-L-carnitine. This behavior
was similar to hexokinase shunt to increase ADP when ATP synthesis
was urgent required [47] Aceyl-L-carnitine be metabolized rapidly
when it was injected IV because it was transported to mitochondria
directly and acetyl moiety was released into mitochondria by acetyltransferase [38]. This acetyl-CoA was part of acetyl-CoA pool and it
participated in the synthesis of glutamate, glutamine, GABA, etc. As
metabolic substrate in the TCA cycle, the acetyl groups could increment
succinate and oxalacetate, increasing the anaplerosis and amino acid
synthesis. The L-carnitine can be transported outside mitochondria
associated to other groups (propionyl, octanoyl, or the same acetyl, etc)
and L-carnitnine started again in other cycle [38].
Pharmacologic treatment with acetyl-L-carnitine and nicotinamide
generated acetyl-CoA and increased mitochondrial NADH with
incremented TCA flux [40,47,62]. The incremented energy required
enzyme synthesis, but this demand is first energetic and secondarily
enzymatic, giving time for enzyme synthesis. As described above, the
treatment required mitochondrial substrates which were resolved by its
own metabolic activity.
We observed during the study that children with specific positive
antibodies became negatives. Our children did not show high antibodies
titer and we thought that it was the reason for its disappearances. An
explanation for this antibody evolution could be the induction and
increments of IGF-I by acetyl-L-carnitine [39]; because this hormone
could regulate the immune response, inhibiting the cellular apoptosis
and modulating the immune aggression [40].

Conclusions
This paper described the use of acetyl-L-carnitine plus nicotinamide
to prevent type 1 diabetes and, for the first time, the level of insulin
secretion was recovered along with metabolic parameters. Throughout
the studies, a number of conclusions has been reached.
Firstly, the proposed treatment was nontoxic and well tolerated.
Secondly, the children at diabetic risk were followed along the study by
the increments of insulin and the recovery of abnormal parameters. It
is worth mentioning that no child became diabetic and this evolution
required a prolonged time of treatment to be successful. Finally, we
would like to highlight the efficiency of this type of treatment, and to
note that these results must be confirmed by population studies.
Acknowledgments
We are grateful to Drs. E. Poskus, S. Valdez and A. Trabucchi from
Immunology, Faculty of Pharmacy and Biochemesry (IDEHU-CONICET-UBA), for
determining antibodies of patients under treatment. We also acknowledge Dr. O.
Brunetto for his contribution of insulin assay and Dr. R. Gabach for his significant
contribution during the development of this work. We are also indebted to Andrea
C. Cruz for proofreading this work.

prevention trials for type 1 diabetes. Int J Biol Sci 9: 666-679.
5. Fernandez IC, Del Carmen Camberos M, Passicot GA, Martucci LC, Cresto JC
(2013) Children at risk of diabetes type 1. Treatment with acetyl-L-carnitine plus
nicotinamide - case reports. J Pediatr Endocrinol Metab 26: 347-355.
6. Wenzlau JM, Hutton JC (2013) Novel diabetes autoantibodies and prediction of
type 1 diabetes. Curr Diab Rep 13: 608-615.
7. Yang L, Luo S, Huang G, Peng J, Li X, et al. (2010) The diagnostic value of zinc
transporter 8 autoantibody (ZnT8A) for type 1 diabetes in Chinese. Diabetes
Metab Res Rev 26: 579-584.
8. Cabrera SM, Rigby MR, Mirmira RG (2012) Targeting regulatory T cells in the
treatment of type 1 diabetes mellitus. Curr Mol Med 12: 1261-1272.
9. Eisenbarth GS (1986) Type I diabetes mellitus. A chronic autoimmune disease.
N Engl J Med 314: 1360-1368.
10. Karabatas LM, Bruno LF de, Pastorale CF, Cullen C, Basabe JC (1996) Inhibition
of nitric oxide generation: normalization of in vitro insulin secretion in mice
with multiple low-dose streptozotocin and in mice injected with mononuclear
splenocytes from diabetic syngeneic donors. Metabolism 45: 940-946.
11. Arata M, Bruno L, Pastorale C, Pagliero F, Basabe JC (2001) Effect of modified
diabetic splenocytes on mice injected with splenocytes from multiple low-dose
streptozotocin diabetic donors. Exp Biol Med (Maywood) 226: 898-905.
12. Müller A, Schott-Ohly P, Dohle C, Gleichmann H (2002) Differential regulation
of Th1-type and Th2-type cytokine profiles in pancreatic islets of C57BL/6 and
BALB/c mice by multiple low doses of streptozotocin. Immunobiology 205: 3550.
13. Anderson MS, Bluestone JA (2005) The NOD mouse: a model of immune
dysregulation. Annu Rev Immunol 23: 447-485.
14. Nakayama M, Abiru N, Moriyama H, Babaya N, Liu E, et al. (2005) Prime role
for an insulin epitope in the development of type 1 diabetes in NOD mice.
Nature 435: 220-223.
15. Koulmanda M1, Qipo A, Auchincloss H Jr, Smith RN (2003) Effects of
streptozotocin on autoimmune diabetes in NOD mice. Clin Exp Immunol 134:
210-216.
16. Padgett LE, Broniowska KA, Hansen PA, Corbett JA, Tse HM (2013) The role
of reactive oxygen species and proinflammatory cytokines in type 1 diabetes
pathogenesis. Ann N Y Acad Sci 1281: 16-35.
17. Oyadomari S, Takeda K, Takiguchi M, Gotoh T, Matsumoto M, et al. (2001)
Nitric oxide-induced apoptosis in pancreatic beta cells is mediated by the
endoplasmic reticulum stress pathway. Proc Natl Acad Sci U S A 98: 1084510850.
18. Gallaher BW, Hille R, Raile K, Kiess W (2001) Apoptosis: live or die--hard work
either way! Horm Metab Res 33: 511-519.
19. Mathis D, Vence L, Benoist C (2001) beta-Cell death during progression to
diabetes. Nature 414: 792-798.
20. Bezombes C, Ségui B, Cuvillier O, Bruno AP, Uro-Coste E, et al. (2001)
Lysosomal sphingomyelinase is not solicited for apoptosis signaling. FASEB
J 15: 297-299.
21. Sillence DJ (2001) Apoptosis and signalling in acid sphingomyelinase deficient
cells. BMC Cell Biol 2: 24.
22. García-Ruiz C, Colell A, Marí M, Morales A, Fernández-Checa JC (1997)
Direct effect of ceramide on the mitochondrial electron transport chain leads to
generation of reactive oxygen species. Role of mitochondrial glutathione. J Biol
Chem 272: 11369-11377.

References

23. Ashkenazi A, Dixit VM (1998) Death receptors: signaling and modulation.
Science 281: 1305-1308.

1. Lernmark A, Larsson HE (2013) Immune therapy in type 1 diabetes mellitus.
Nat Rev Endocrinol 9: 92-103.

24. Gottlieb RA (2000) Mitochondria: execution central. FEBS Lett 482: 6-12.

2. Barcala Tabarrozzi AE, Castro CN, Dewey RA, Sogayar MC, Labriola L, et al.
(2013) Cell-based interventions to halt autoimmunity in type 1 diabetes mellitus.
Clin Exp Immunol 171: 135-146.
3. Lorini R, Alibrandi A, Vitali L, Klersy C, Martinetti M, et al. (2001) Risk of type 1
diabetes development in children with incidental hyperglycemia: A multicenter
Italian study. Diabetes Care 24: 1210-1216.
4. Wu YL, Ding YP, Gao J, Tanaka Y, Zhang W (2013) Risk factors and primary

Immunome Res
ISSN: 1745-7580 IMR, an open access journal

25. Chen RM, Liu HC, Lin YL, Jean WC, Chen JS, et al. (2002) Nitric oxide induces
osteoblast apoptosis through the de novo synthesis of Bax protein. J Orthop
Res 20: 295-302.
26. Jae-Hyoung Cho, Ji-Won Kim, Jeong-Ah Shin, Juyoung Shin, Kun-Ho Yoon
(2010) ß-cell Mass in people with type 2 diabetes. J Diabetes Invest.
27. Saisho Y, Manesso E, Butler AE, Galasso R, Kavanagh K, et al. (2011) Ongoing
ß-cell turnover in adult nonhuman primates is not adaptatively increased in
streptozotocin-induced diabetes. Diabetes 60: 848-856.

Volume 11 • Issue 2 • 1000094

Citation: Fernandez I, Tonietti M, Camberos MDC, Bergada I, Schenone A, et al. (2015) Acetyl-L-Carnitine and Nicotinamide for Prevention of Type
1 Diabetes. I-Literature Review which Gave Support to the Treatment. II-Case Report, Evaluation of Five Years Treatment. Immunome Res
11: 094. doi: 10.4172/17457580.1000094

Page 10 of 11
28. Espinoza-Jiménez A, Peón AN, Terrazas LI (2012) Alternatively activated
macrophages in types 1 and 2 diabetes. Mediators Inflamm 2012: 815953.
29. Nicholson DW, Ali A, Thornberry NA, Vaillancourt JP, Ding CK, et al. (1995)
Identification and inhibition of the ICE/CED-3 protease necessary for
mammalian apoptosis. Nature 376: 37-43.
30. Ding L, Gysemans C, Mathieu C (2013) β-Cell differentiation and regeneration
in type 1 diabetes. Diabetes Obes Metab 15 Suppl 3: 98-104.
31. Athanassakis I, Mouratidou M, Sakka P, Evangeliou A, Spilioti M, et al. (2001)
L-carnitine modifies the humoral immune response in mice after in vitro or in
vivo treatment. Int Immunopharmacol 1: 1813-1822.
32. Di Marzio L, Alesse E, Roncaioli P, Muzi P, Moretti S, et al. (1997) Influence of
L-carnitine on CD95 cross-linking-induced apoptosis and ceramide generation
in human cell lines: correlation with its effects on purified acidic and neutral
sphingomyelinases in vitro. Proc Assoc Am Physicians 109: 154-163.
33. Iossa S, Mollica MP, Lionetti L, Creszenzo R, Botta M, et al. (2002) AcetylL-carnitine supplementation differently influences nutrient partitioning, serum
leptin concentration and skeletal muscle mitochondrial respiration in young and
old rats. J Nutr 132: 636-642.
34. Wosikowski K, Mattern K, Schemainda I, Llasmann M, Rattel B, et al. (2002)
WK175, a novel antitumor agent, decreases the intracellular nicotinamide
adenine dinucleotide concentration and induces the apoptotic cascade in
human leukemia cells. Cancer Res 62: 1057-1062.
35. Ha HC, Snyder SH (1999) Poly(ADP-ribose) polymerase is a mediator of
necrotic cell death by ATP depletion. Proc Natl Acad Sci U S A 96: 1397813982.
36. Sparagna GC, Hickson-Bick DL, Buja LM, McMillin JB (2001) Fatty acidinduced apoptosis in neonatal cardiomyocytes: redox signaling. Antioxid Redox
Signal 3: 71-79.
37. Bremer J (1983) Carnitine--metabolism and functions. Physiol Rev 63: 14201480.
38. Mutomba MC, Yuan H, Konyavko M, Adachi S, Yokoyama CB, et al. (2000)
Regulation of the activity of caspases by L-carnitine and palmitoylcarnitine.
FEBS Lett 478: 19-25.
39. Heo YR, Kang CW, Cha YS (2001) L-Carnitine changes the levels of insulinlike growth factors (IGFs) and IGF binding proteins in streptozotocin-induced
diabetic rat. J Nutr Sci Vitaminol (Tokyo) 47: 329-334.
40. Smith TJ (2010) Insulin-like growth factor-I regulation of immune function: a
potential therapeutic target in autoimmune diseases? Pharmacol Rev 62: 199236.
41. Arrigoni-Martelli E, Caso V (2001) Carnitine protects mitochondria and removes
toxic acyls from xenobiotics. Drugs Exp Clin Res 27: 27-49.
42. Ramsay RR, Gandour RD, van der Leij FR (2001) Molecular enzymology of
carnitine transfer and transport. Biochim Biophys Acta 1546: 21-43.
43. Ji H, Bradley TM, Tremblay GC (1996) Atlantic salmon (Salmo salar) fed
L-carnitine exhibit altered intermediary metabolism and reduced tissue lipid,
but no change in growth rate. J Nutr 126: 1937-1950.
44. Abu-Elheiga L, Matzuk MM, Abo-Hashema KA, Wakil SJ (2001) Continuous
fatty acid oxidation and reduced fat storage in mice lacking acetyl-CoA
carboxylase 2. Science 291: 2613-2616.
45. Thomas AP, Halestrap AP (1981) The rôle of mitochondrial pyruvate transport
in the stimulation by glucagon and phenylephrine of gluconeogenesis from
L-lactate in isolated rat hepatocytes. Biochem J 198: 551-560.
46. Corkey BE, Martin-Requero A, Walajtys-Rode E, Williams RJ, Williamson JR
(1982) Regulation of the branched chain alpha-ketoacid pathway in liver. J Biol
Chem 257: 9668-9676.
47. Golshani-Hebroni SG, Bessman SP (1997) Hexokinase binding to mitochondria:
a basis for proliferative energy metabolism. J Bioenerg Biomembr 29: 331-338.
48. Ishii T, Shimpo Y, Matsuoka Y, Kinoshita K (2000) Anti-apoptotic effect of acetyll-carnitine and I-carnitine in primary cultured neurons. Jpn J Pharmacol 83:
119-124.
49. Aureli T, Puccetti C, Di Cocco ME, Arduini A, Ricciolini R, et al. (1999) Entry of
[(1,2-13C2)acetyl]-L-carnitine in liver tricarboxylic acid cycle and lipogenesis:
a study by 13C NMR spectroscopy in conscious, freely moving rats. Eur J
Biochem 263: 287-293.

Immunome Res
ISSN: 1745-7580 IMR, an open access journal

50. Ferrannini E, Buzzigoli G, Bevilacqua S, Boni C, Del Chiaro D, et al. (1988)
Interaction of carnitine with insulin-stimulated glucose metabolism in humans.
Am J Physiol 255: E946-952.
51. De Gaetano A, Mingrone G, Castagneto M, Calvani M (1999) Carnitine
increases glucose disposal in humans. J Am Coll Nutr 18: 289-295.
52. Giancaterini A, De Gaetano A, Mingrone G, Gniuli D, Liverani E, et al. (2000)
Acetyl-L-carnitine infusion increases glucose disposal in type 2 diabetic
patients. Metabolism 49: 704-708.
53. Ido Y, McHowat J, Chang KC, Arrigoni-Martelli E, Orfalian Z, et al. (1994)
Neural dysfunction and metabolic imbalances in diabetic rats. Prevention by
acetyl-L-carnitine. Diabetes 43: 1469-1477.
54. Soneru IL, Khan T, Orfalian Z, Abraira C (1997) Acetyl-L-carnitine effects on
nerve conduction and glycemic regulation in experimental diabetes. Endocr
Res 23: 27-36.
55. Swamy-Mruthinti S, Carter AL (1999) Acetyl- L -carnitine decreases glycation of
lens proteins: in vitro studies. Exp Eye Res 69: 109-115.
56. Müller DM, Seim H, Kiess W, Löster H, Richter T (2002) Effects of oral
L-carnitine supplementation on in vivo long-chain fatty acid oxidation in healthy
adults. Metabolism 51: 1389-1391.
57. Tran TN, Christophersen BO (2001) Studies on the transport of acetyl
groups from peroxisomes to mitochondria in isolated liver cells oxidizing the
polyunsaturated fatty acid 22:4n-6. Biochim Biophys Acta 1533: 255-265.
58. Pesce V, Nicassio L, Fracasso F, Musicco C, Cantatore P, et al. (2012)
Acetyl-L-carnitine activates the peroxisome proliferator-activated receptor-?coactivators PGC-1α/PGC-1ß-dependent signaling cascade of mitochondrial
biogenesis and decreases the oxidized peroxiredoxins content in old rat liver.
Rejuvenation Res 15: 136-139.
59. Opalka JR, Gellerich FN, Zierz S (2001) Age and sex dependency of carnitine
concentration in human serum and skeletal muscle. Clin Chem 47: 2150-2153.
60. Winter SC, Simon M, Zorn EM, Szabo-Aczel S, Vance WH, et al. (1989)
Relative carnitine insufficiency in children with type I diabetes mellitus. Am J
Dis Child 143: 1337-1339.
61. Tamamoğullari N, Siliğ Y, Içağasioğlu S, Atalay A (1999) Carnitine deficiency in
diabetes mellitus complications. J Diabetes Complications 13: 251-253.
62. Pregant P, Schernthaner G, Legenstein E, Lienhart L, Bruck S, et al. (1991)
[Decreased plasma carnitine in Type I diabetes mellitus]. Klin Wochenschr 69:
511-516.
63. la Marca G, Malvagia S, Toni S, Piccini B, Di Ciommo V, et al. (2013) Children
who develop type 1 diabetes early in life show low levels of Carnitine and
amino acids at birth: does this finding shed light on the etiopathogenesis of the
disease? Nutr Diabetes 3: e94.
64. Grant RS1, Kapoor V (1998) Murine glial cells regenerate NAD, after peroxideinduced depletion, using either nicotinic acid, nicotinamide, or quinolinic acid as
substrates. J Neurochem 70: 1759-1763.
65. Chong ZZ, Lin SH, Maiese K (2002) Nicotinamide modulates mitochondrial
membrane potential and cysteine protease activity during cerebral vascular
endothelial cell injury. J Vas Res 39: 131-147.
66. Yamada K, Nonaka K, Hanafusa T, Miyazaki A, Toyoshima H, et al. (1982)
Preventive and therapeutic effects of large-dose nicotinamide injections on
diabetes associated with insulitis. An observation in nonobese diabetic (NOD)
mice. Diabetes 31: 749-753.
67. Crowley CL, Payne CM, Bernstein H, Bernstein C, Roe D (2000) The NAD+
precursors, nicotinic acid and nicotinamide protect cells against apoptosis
induced by multiple stress inducer, deoxycholate. Cell Death Differ 7: 314-326.
68. Fukaya M, Tamura Y, Chiba Y, Tanioka T, Mao J, et al. (2013) Protective effects
of nicotinamide derivative, isonicotinamide, against streptozotocin-induced ßcell damage and diabetes in mice. Biochem Biophys Res Commun 442: 92-98.
69. Inoue C, Yamamoto H, Nakamura T, Ichihara A, Okamoto H (1989) Nicotinamide
prolongs survival of primary cultured hepatocytes without involving loss of
hepatocyte-specific functions. J Biol Chem 264: 4747-4750.
70. Kolb H, Burkart V (1999) Nicotinamide in type 1 diabetes. Mechanism of action
revisited. Diabetes Care 22 Suppl 2: B16-20.
71. Gale EA, Bingley PJ, Emmett CL, Collier T (2004) European Nicotinamide
Diabetes Intervention Trial (ENDIT) group. European nicotinamide intervention

Volume 11 • Issue 2 • 1000094

Citation: Fernandez I, Tonietti M, Camberos MDC, Bergada I, Schenone A, et al. (2015) Acetyl-L-Carnitine and Nicotinamide for Prevention of Type
1 Diabetes. I-Literature Review which Gave Support to the Treatment. II-Case Report, Evaluation of Five Years Treatment. Immunome Res
11: 094. doi: 10.4172/17457580.1000094

Page 11 of 11
trial (ENDIT): a randomised controlled trial of intervention before the onset of
type 1 diabetes. Lancet 363: 925-931.

84. Kouttab NM, De Simone C (1993) Modulation of cytokine production by
carnitine. Mediators Inflamm 2: S25-28.

72. Petley A, Macklin B, Renwick AG, Wilkin TJ (1995) The pharmacokinetics of
nicotinamide in humans and rodents. Diabetes 44: 152-155.

85. Shen W, Hao J, Tian C, Ren J, Yang L, et al. (2008) A combination of nutriments
improves mitochondrial biogenesis and function in skeletal muscle of type 2
diabetic Goto-Kakizaki rats. PLoS One 3: e2328.

73. Alvarez-Gonzalez R (1988) 3’-Deoxy-NAD+ as a substrate for poly(ADP-ribose)
polymerase and the reaction mechanism of poly(ADP-ribose) elongation. J Biol
Chem 263: 17690-17696.
74. Langelier MF, Ruhl DD, Planck JL, Kraus WL, Pascal JM (2010) The Zn3
domain of human poly(ADP-ribose) polymerase-1 (PARP-1) functions in both
DNA-dependent poly(ADP-ribose) synthesis activity and chromatin compaction.
J Biol Chem 285: 18877-18887.
75. Alarcon C, Wicksteed B, Prentki M, Corkey BE, Rhodes CJ. (2002) Succinate is
a preferential metabolic stimulus-coupling signal for glucose-induced proinsulin
biosynthesis translation. Diabetes 51: 2496-2504.
76. Attali V, Parnes M, Ariav Y, Cerasi E, Kaiser N, et al. (2006) Regulation of
insulin secretion and proinsulin biosynthesis by succinate. Endocrinology 147:
5110-5118.
77. Karabatas LM, De Bruno LF, Pastorale C, Lombardo YB, Basabe JC (2000)
Branched-chain amino acid-enriched diet: effects on insulin secretion and
cellular immune aggression. Proc Soc Exp Biol Med 224: 159-165.
78. Knip M, Douek IF, Moore WP, Gillmor HA, McLean AE, et al. (2000) Safety of
high-dose nicotinamide: a review. Diabetologia 43: 1337-1345.
79. Visalli N, Cavllo MG, Signori A, Baroni MG, Buzzetti R, et al. (1999) A multicentre randomized trial of two different doses od nicotinamide in patients with
recent-onset type 1 diabetes (the IMDIAB VI). Diabetes Metab Res Rev 15:
181-185.

86. Ferreira MR, Camberos Mdel C, Selenscig D, Martucci LC, Chicco A, et al.
(2013) Changes in hepatic lipogenic and oxidative enzymes and glucose
homeostasis induced by an acetyl-L-carnitine and nicotinamide treatment in
dyslipidaemic insulin resistant rats. Clin Pharmacol Exp Physiol 40: 205-211.
87. Valdez SN, Iacono RF, Villalba A, Cardoso Landaburu A, Ermacóra M, et
al. (2003) A radio-ligand-binding assay for detecting antibodies specific for
proinsulin and insulin using 35S-proinsulin. J Immunol Methods 279: 173-181.
88. Fretchel GD, Poskus E (2005) In: Diabetes Mellitus autoimmune de inicio en
edad infanto-juvenil y adulta. Bases racionales para el diagnóstico diferencial y
el tratamiento. Consejo Nacional de Investigaciones
89. Científicas y Técnicas. Separata: 1-71.
90. Srikanta S, Ganda OP, Gleason RE, Jackson RA, Soeldner JS, et al. (1984)
Pre-type I diabetes. Linear loss of beta cell response to intravenous glucose.
Diabetes 33: 717-720.
91. Vardi P, Crisa L, Jackson RA (1991) Predictive value of intravenous glucose
tolerance test insulin secretion less than or greater than the first percentile
in islet cell antibody positive relatives of type 1 (insulin-dependent) diabetic
patients. Diabetologia 34: 93-102.
92. Cutfield WS, Jefferies CA, Jackson WE, Robinson EM, Hofman PL (2003)
Evaluation of HOMA and QUICKI as measures of insulin sensitivity in
prepubertal children. Pediatr Diabetes 4: 119-125.

80. Roe CR, Coates P (1995) Mitochondrial fatty acid oxidation disorders. In:
Scriver C, Beaudet AL, Sly WS, Valle D (eds.) The metabolic and molecular
bases of inherited disease (7thedn.) MGraw-Hill, New York, pp. 1501-1534.

93. Cresto JC, Dujovne IL, Sires JM, Giménez H, De Majo SF (1972) [Secretion
of insulin with intravenous tolbutamide in different stages of juvenile diabetes].
Medicina (B Aires) 32: 463-468.

81. Rebouche CJ (1992) Carnitine function and requirements during the life cycle.
FASEB J 6: 3379-3386.

94. Knopf CF, Cresto JC, Dujovne IL, Ramos O, de Majo SF (1977) Oral glucose
tolerance test in 100 normal children. Acta Diabetol Lat 14: 95-103.

82. Cresto JC, Fabiano de Bruno LE, Cao GF, Pastorale CF, Confalonieri N, et
al. (2006) The association of acetyl-l-carnitine and nicotinamide remits the
experimental diabetes in mice by multiple low-dose streptozotocin. Pancreas
33: 403-411.

95. Hollis S, Campbell F (1999) What is meant by intention to treat analysis?
Survey of published randomised controlled trials. BMJ 319: 670-674.

83. Ungerstedt JS, Blömback M, Söderström T (2003) Nicotinamide is a potent
inhibitor of proinflammatory cytokines. Clin Exp Immunol 131: 48-52.

96. Shanik MH, Xu Y, Skrha J, Dankner R, Zick Y, et al. (2008) Insulin resistance
and hyperinsulinemia: is hyperinsulinemia the cart or the horse? Diabetes Care
31 Suppl 2: S262-S268.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:
•
•
•

User friendly/feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
Digital articles to share and explore

Special features:

Citation: Fernandez I, Tonietti M, Camberos MDC, Bergada I, Schenone A,
et al. (2015) Acetyl-L-Carnitine and Nicotinamide for Prevention of Type 1
Diabetes. I-Literature Review which Gave Support to the Treatment. II-Case
Report, Evaluation of Five Years Treatment. Immunome Res 11: 094. doi:
10.4172/17457580.1000094

Immunome Res
ISSN: 1745-7580 IMR, an open access journal

•
•
•
•
•
•
•
•

400 Open Access Journals
30,000 editorial team
21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission

Volume 11 • Issue 2 • 1000094

