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Diabetes mellitus (DM) is one of the most common and serious chronic diseases in the world. Here, we inves-
tigated the effects of mouse dental pulp stem cell (mDPSC) transplantation in a streptozotocin (STZ)-induced 
diabetes type 1 model. C57BL/6 mice were treated intraperitoneally with 80 mg/kg of STZ and transplanted 
with 1 ́  106 mDPSCs or injected with saline, by an endovenous route, after diabetes onset. Blood and urine 
glucose levels were reduced in hyperglycemic mice treated with mDPSCs when compared to saline-treated 
controls. This correlated with an increase in pancreatic islets and insulin production 30 days after mDPSC 
therapy. Moreover, urea and proteinuria levels normalized after mDPSC transplantation in diabetic mice, 
indicating an improvement of renal function. This was confirmed by a histopathological analysis of kidney 
sections. We observed the loss of the epithelial brush border and proximal tubule dilatation only in saline-
treated diabetic mice, which is indicative of acute renal lesion. STZ-induced thermal hyperalgesia was also 
reduced after cell therapy. Three days after transplantation, mDPSC-treated diabetic mice exhibited nocicep-
tive thresholds similar to that of nondiabetic mice, an effect maintained throughout the 90-day evaluation 
period. Immunofluorescence analyses of the pancreas revealed the presence of GFP+ cells in, or surrounding, 
pancreatic islets. Our results demonstrate that mDPSCs may contribute to pancreatic b-cell renewal, prevent 
renal damage in diabetic animals, and produce a powerful and long-lasting antinociceptive effect on behavioral 
neuropathic pain. Our results suggest stem cell therapy as an option for the control of diabetes complications 
such as intractable diabetic neuropathic pain. 
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lasting for many years. Patients with diabetic neuropa-
thy can exhibit a variety of aberrant sensations, includ-
ing spontaneous pain, allodynia, hyperalgesia, and loss of 
stimulus-evoked sensation (23,28,30). 

All devastating complications of DM1 can be pre-
vented by the normalization of blood glucose levels. 
Conventional treatment includes the dependence on daily 
injections of insulin and routine monitoring of blood 
glucose levels. Other therapies such as transplantation 
of pancreatic islets can be applied to treat this disease, 
but its widespread use is hampered by a shortage of 
donor organs or a recurrent attack by underlying auto-
immunity against islets (4,5,22). Moreover, there are 

INTRODUCTION 

Diabetes mellitus (DM) is one of the most common 
and serious chronic diseases in the world. While type 1 
diabetes (DM1) is characterized by the destruction of the 
insulin-producing b-cells in the pancreas mediated by 
autoreactive T-cells, type 2 diabetes (DM2) is associated 
with peripheral resistance to insulin and impaired insulin 
secretion (5,9,26,27). The excess of glucose is responsi-
ble for most of the complications of DM1, which include 
blindness, kidney failure, amputations, and heart disease. 
Neuropathy is a frequent microvascular complication of 
diabetes, with patients often suffering from severe pain 
that can be acute of onset or chronic with symptoms 
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no treatments that restore nerve function and the usual 
therapeutic strategies for neuropathic pain aim to reduce 
the pain. Unfortunately, most of the available analgesic 
drugs appear to be relatively ineffective in controlling 
diabetic neuropathic pain (14,18). Thus, there is a clear 
need for new disease-modifying therapeutic approaches. 
In this context, cell-based therapies represent a promising 
alternative. Several reports have suggested that embry-
onic or adult bone marrow stem cells contribute to b-cell 
renewal and possess great potential for damaged nervous 
system repair (11,13,21,24,27). In fact, transplantation of 
bone marrow mononuclear cells significantly reduced the 
pain behavior following peripheral nerve injury and is a 
renewable alternative source of insulin-producing cells in 
human or mouse models (12,16,19,29). 

We have recently described the isolation, character-
ization, and differentiation of stem cells obtained from 
mouse dental pulp (mDPSCs) (10). We observed that 
mDPSCs are a population of stem cells with mesenchy-
mal and embryonic characteristics, since they express 
mesenchymal cell surface molecules such as cluster of 
differentiation 90 (CD90), CD73, lymphocyte antigen 6 
complex, locus A/stem cell antigen 1 (Ly6a/Sca-1), and 
the embryonic markers stage-specific embryonic anti-
gen-1 (SSEA-1), POU [Pit-1-octamer-Unc-86] domain 
class 5 homeobox 1/octamer binding transcription factor 
4 (Pou5f1/Oct-4), and alkaline phosphatase (10). This 
mesenchymal/embryonic mixed profile of stem cells 
obtained from human dental pulp has been previously 
described by other authors (13,16). Moreover, mDPSCs 
also have differentiation potential in osteocytes, adipo-
cytes, and chondrocytes (10). In the current study, we 
evaluated the therapeutic potential of mDPSCs in impor-
tant complications of diabetes, namely pancreatic dam-
age, renal function alterations, and diabetic peripheral 
neuropathy. For this, we studied the effects of mDPSCs 
on a model of pancreatic damage induced by streptozoto-
cin (STZ), an antibiotic isolated from Streptomyces ach-
romogenes widely used to create rodent models of type 1 
diabetes (2). 

MATERIALS AND METHODS
Mice

Specific-pathogen-free, 8-week-old female C57BL/6 
and male C57BL/6 enhanced green fluorescent protein 
(GFP) mice were maintained at the animal facilities at the 
Gonçalo Moniz Research Center-FIOCRUZ (Salvador, 
Bahia, Brazil) and provided with rodent diet and water ad 
libitum. Animals were used only once in a given experi-
ment. All experiments were carried out in accordance with 
the recommendations of the International Association for 
the Study of Pain (IASP) Committee for Research and 
Ethical Issues Guidelines and were approved by the local 
Animal Ethics Committee.

Isolation and Culture of mDPSCs 

The incisors teeth were dissected carefully from the 
mandibles of male EGFP transgenic C57BL/6 mice. Dental 
pulp tissue was gently collected, and explants were cul-
tured into 24-well plates (Nunc A/S, Roskilde, Denmark) 
in Dulbecco’s modified Eagle’s medium (DMEM; Sigma, 
St. Louis, MO, USA) supplemented with 10% fetal bovine 
serum (FBS; Cultilab, Campinas, SP, Brazil), 23.8 mM 
sodium bicarbonate (Sigma), 10 mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), 1 mM sodium 
pyruvate (Sigma), 2 mM l-glutamine (Sigma), 0.05 mM 
b-mercaptoethanol (2-ME; Sigma), 50 mg/ml gentamycin 
(Sigma) and incubated at 37°C/5% CO

2
. When confluence 

was achieved usually after 15–20 days, the adherent cells 
were released with 0.25% trypsin solution (Invitrogen/
Molecular Probes, Eugene, OR, USA) and used to treat 
diabetic mice, as described below. Cells until the fifth 
passage were used for transplant.

Streptozocin Injection and  
mDPSC Transplantation Model

b-Cell injury was induced with streptozotocin (STZ) 
injection. Female C57BL/6 mice were injected intra
peritoneally (IP) with 80 mg/kg STZ (Sigma) diluted in 
a citrate buffer (pH 4.5; Invitrogen, Carlsbad, CA, USA). 
Negative control group received vehicle (citrate buffer) 
only. Mice were considered diabetic if glucose levels 
were above 250 mg/dl. About 70% of the animals devel-
oped hyperglycemia. After 10 days, hyperglycemic mice 
(n = 6/group) were transplanted by orbital plexus injec-
tion with 1 ́  106 cells/mouse in a final volume of 200 µl  
of saline. Control group received saline only (n = 6/
group). Blood glucose levels were measured weekly with  
the glucometer system Accu-Chek (Roche Diagnostic, 
Mannheim, Germany). Animals were housed individu-
ally in metabolic cages for 24 h. Urine was collected, 
and levels of proteinuria, glycosuria, urea, and creatinine 
were measured by standard biochemical kits (Biosystems, 
Barcelona, Spain). The experimental design is shown in 
Figure 1. 

Histopathological Evaluation

Kidneys and pancreas were removed after 30 days 
of experiment and immediately placed in Bouin solu-
tion (Sigma) and formol (Proquímios, Bangu, Brazil), 
respectively. After 24 h of fixation, tissues were washed 
and embedded in paraffin, and 3- and 5-mm-thick sec-
tions were stained with conventional hematoxylin and 
eosin (H&E; Vetec, Duque de Caxias, Brazil) or periodic 
acid-Schiff (PAS; Sigma) stainings. Glycogen deposition 
was visualized after PAS staining by light microscope 
(Olympus, Center Valley, PA, USA), and the number 
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of islets was determined by manual counting of whole 
pancreas sections stained with H&E digitalized with 
ScanScope, a digital slide scanner (Aperio, Vista, CA, 
USA). A mean ± SD area of 102.5 ± 21.8 mm2 of pancre-
atic tissue was analyzed per mouse.

Assessment of Nociception: Tail Flick Test 

The tail flick test of D’amour and Smith (6) modi-
fied for mice was used. The mice were habituated in a 
Plexiglas cylindrical mouse restrainer (Stoelting Research 
Instruments, Wood Dale, IL, USA) 10 min daily for 1 week 
before starting the experiments. To measure the latency 
of the tail flick response, mice were gently placed in the 
restrainer and the tails (2 cm from the tip) were immersed 
in a water bath maintained at 54.0 ± 0.2°C. The moni-
tored response was a curling of the tail. A cutoff latency of  
20 s was used to minimize the probability of skin damage. 
Baseline withdrawal latencies were obtained from mice 
before diabetes induction.

Immunofluorescence Analysis

The pancreas was removed from mice euthanized 30 
days after the first STZ administration, fixed with 4% 
paraformaldehyde (Sigma), and embedded in paraffin. 
Pancreatic sections (4-µm thick) were obtained, deparaf-
finized, and submitted to a heat-induced antigen retrieval 
step in citrate buffer (pH 6.0; Vetec). Sections were then 
incubated overnight with primary antibodies guinea pig 
anti-insulin (Invitrogen) diluted 1:50 and chicken anti-GFP 
(Aves Biotech, Tigard, OR, USA) diluted 1:100. The next 
day, the sections were incubated with the secondary anti-
bodies for 1 h at room temperature. The following second-
ary antibodies were used: goat anti-guinea pig IgG Alexa 
Fluor conjugated with Alexa Fluor 568 and anti-chicken 

IgG conjugated with Alexa Fluor 488 (Molecular Probes), 
both diluted 1:200. Nuclei were stained with 4,6-diamidino-
2-phenylindole (DAPI), and coverslips were mounted on  
glass slides (VectaShield Hard Set mounting medium 
with DAPI H1500, Vector Laboratories, Burlingame, CA, 
USA). Images were analyzed using a confocal microscope 
Fluoview 1000 (Olympus). 

For quantification of insulin production, images of 
pancreas sections were digitally captured in 200´ magni-
fication using a digital color camera adapted to an AX70 
microscope with an epifluorescence system plus grid to 
enhance the fluorescence resolution (Optigrid, structured 
light imaging system; Thales Optem Inc., Olympus). 
Ten random fields were captured per pancreas and ana-
lyzed using Image Pro Plus v. 7.0 (Media Cybernetics, 
Rockville, MD, USA), which automates the analysis by 
segmentation, converting all immunolabeled elements 
that fall within a threshold range into red pixels and the 
rest of the image into yellow pixels. The same thresh-
old range that defined positivity was used in all images 
analyzed. The software then calculates the percentage of 
red and yellow, allowing for the comparison of the pixel 
values between the groups, defined as the percentage of 
stained area.

Real-Time Polymerase Chain Reaction (qPCR)

Total RNA was isolated from kidney samples with 
TRIzol reagent (Invitrogen), and concentration was 
determined by photometric measurement. High-Capacity 
cDNA Reverse Transcription Kit (Applied Biosystems, 
Foster City, CA, USA) was used to synthesize cDNA of  
1 µg RNA following the manufacturer’s recommendations. 
RT-PCR assays were performed to detect the expres-
sion levels of eGFP. qRT-PCR amplification mixtures  

Figure 1.  Experimental design. Diabetes was induced in mice by three daily administrations of streptozotocin (STZ) in identical con-
centrations. Control mice received three daily injections of citrate buffer. On day 10 following the STZ administrations, mice received 
injection of 106 mouse dental pulp-derived stem cells (mDPSCs) or saline by endovenous route (through the orbital plexus).
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contained 20 ng template cDNA, Taqman Master Mix 
(10 µl) (Applied Biosystems), and probes for eGFP (Assay 
by Design; Applied Biosystems) in a final volume of 
20 µl. All reactions were run in duplicate on an ABI7500 
Sequence Detection System (Applied Biosystems) under 
standard thermal cycling conditions. The mean Ct (cycle 
threshold) values from duplicate measurements were used 
to calculate expression of the target gene, with normaliza-
tion to an internal control [glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) Mm 9999915_g1] using the 
2–DCt formula. Experiments with coefficients of variation 
greater than 5% were excluded. A no-template control 
(NTC) and no-reverse transcription controls (No-RT) 
were also included.

Statistical Analysis

Parametric data were analyzed using one-way ANOVA 
with Tukey’s post hoc test or repeated measures two-way 
ANOVA with Bonferroni’s post hoc test, when appropri-
ate. Nonparametric data were analyzed using the Mann–
Whitney test. All data were analyzed using the Prism 5.01 
computer software (GraphPad, San Diego, CA, USA). 
Statistical differences were considered to be significant 
at p < 0.05. 

RESULTS 

Establishment of Diabetes Model

STZ was used to produce hyperglycemia in C57Bl/6 
mice. Several STZ concentrations (40, 80, and 120 mg/
kg) were used in the standardization of this experimen-
tal model (data not shown), but only the concentration 
of 80 mg/kg administrated over three consecutive days 
was able to induce hyperglycemia in the animals. Ten 
days after the first STZ dose, mice presented about 2.6 
times more blood glucose compared with nontreated 
mice (Fig. 2A). A morphologic assessment of hematoxy-
lin and eosin-stained pancreas sections showed insulitis 
(Fig. 2C) and reduction of insulin levels as observed by 
immunofluorescence (Fig. 2E). Moreover, STZ-treated 
mice presented deposition of glycogen in the tubules 
(Armanni–Ebstein change), a renal lesion characteristi-
cally associated with diabetes (Fig. 2G).

Glucose Levels and Renal Function 

Mice treated with STZ became apathic and presented 
polyuria when compared to mice that received citrate 
buffer only. After transplantation, the body weight varia-
tion in diabetic mice that received mDPSCs was simi-
lar to that observed in nondiabetic mice during all of the 
experimental period. In contrast, diabetic mice treated 
with saline exhibited a significant body weight loss (Fig. 
3). Moreover, 21 days after beginning the experiment, 
blood glucose levels were reduced in hyperglycemic 

mice transplanted with mDPSCs when compared to those 
of saline-treated mice (Fig. 4). 

Correlating with the improvement of glucose levels,  
diabetic mice transplanted with mDPSCs presented  
a higher number of pancreatic islets when compared  
with nontransplanted diabetic mice (Fig. 5A). Immuno
staining for insulin confirmed the increase in insulin-
producing area in the pancreas of mDPSC-transplanted 
mice (Fig. 5B).

To evaluate the renal function, the urine levels of 
glucose, protein, urea, and creatinine were measured. 
Diabetic mice treated with mDPSCs showed significantly 
reduced glucose and protein levels (Fig. 6A, B) and  
higher urea (Fig. 6C) when compared to saline-treated 
diabetic mice. Creatinine levels were also higher in dia-
betic mice treated with mDPSCs compared with saline-
treated diabetic mice, although the differences were not 
statistically significant (p = 0.0582) (Fig. 6D). Moreover, 
diabetic mice did not develop morphologic alterations 
in glomeruli or vascular areas, probably due to the short 
time of disease (30 days). However, we observed the loss 
of the epithelial brush border and proximal tubule dilata-
tion in saline-treated diabetic mice, which is indicative of 
acute renal lesion. In contrast, these alterations were not 
observed in mice transplanted with mDPSCs, which had 
renal parenchyma similar to those of nondiabetic mice. 
The Armanni–Ebstein change, a deposition of glycogen 
in the tubules, was more severe in saline-treated than in 
mDPSC-treated diabetic mice (Table 1). No GFP+ cells 
were found in the kidneys of mDPSC-transplanted mice, 
by either immunofluorescence or PCR analyses (data not 
shown). 

Effect of mDPSC Transplantation on the  
STZ-Induced Painful Neuropathy

Sensory testing results from tail flick assay are shown 
in Figure 7. Baseline response latencies before treatment 
were similar for all groups. Four days after STZ or saline 
treatment, the response latencies were significantly lower 
(p < 0.001) for the diabetic groups relative to the saline-
treated group, indicating the development of a marked 
thermal hyperalgesia. Three days after mDPSC trans-
plantation, diabetic mice treated with mDPSCs exhibited 
nociceptive thresholds similar to the nondiabetic mice. 
This effect was maintained throughout the testing period. 
We observed hyperalgesia (p < 0.001) in diabetic mice 
from 1 week following the induction of diabetes that pro-
gressed to hypoalgesia (p < 0.05). However, neither hyper
algesia nor hypoalgesia were observed in diabetic mice 
after the mDPSC transplantation. 

Pancreatic Engraftment of mDPSCs

To examine whether mDPSCs migrate to and engraft 
in the damaged pancreas after STZ treatment, pancreas 
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Figure 2.  Establishment of diabetes model induced by streptozotocin administration. (A) Increased blood glucose levels correlated 
with the presence of (C) insulitis in pancreas sections stained with hematoxylin and eosin (H&E) and (E) with the decreased number 
of insulin-expressing cells (red) analyzed by immunofluorescence in STZ-treated mice, in contrast to untreated C57Bl/6 mice (B, D). 
Histological examination of kidney sections by light microscopy. (F) Normal kidney. (G) Glycogen deposition was observed in diabetic 
mice (arrows). Scale bars: 50 mm.
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sections were immunostained with anti-insulin antibody 
and analyzed by confocal microscopy. Insulin-producing 
cells in the pancreatic islets were observed, some of them 
coexpressing GFP (Fig. 8). Some GFP+, insulin-negative 
cells were found surrounding the islets (Fig. 8D). 

DISCUSSION

In the present study, using an experimental model of 
diabetes mellitus, we demonstrated that the administra-
tion of mDPSCs improves pancreatic damage, renal func-
tion, and diabetic neuropathic pain. 

We used a model of diabetes mellitus type 1 induced 
by STZ in mice to assess whether mDPSCs can home and 
repair injured tissue in vivo because insulitis, hyperglyce-
mia, and neuropathy are well documented in this model, 
mimicking human diabetes (8,32). In our study, thermal 
hyperalgesia, severe hyperglycemia, and renal dysfunc-
tion were observed 10 days after the first STZ administra-
tion in C57BL/6 mice, and no spontaneous recovery was 
observed. Previous studies have shown reduction, but not 
complete reversion, of hyperglycemia after transplanta-
tion with a single dose of bone marrow-derived stem or 

Figure 3.  Body weight variation in STZ-diabetic mice after mDPSC transplantation. Body weight was evaluated before (A) and 1 week 
after (B) streptozotocin administration. Groups of mice treated with streptozotocin and treated with mDPSCs (STZ+ mDPSC+) or saline 
(STZ+ mDPSC–) and nondiabetic mice (STZ–) are represented in the figure. The body weight is shown only for 20 (C), 30 (D), 60 (E), 
and 80 (F) days after mDPSC transplantation (on day 10). Data are expressed as mean ± SEM (n = 6). *p < 0.05 compared to the control 
group (STZ–); #p < 0.05 compared with other groups; tested by two-way ANOVA with Bonferroni’s post hoc.

Figure 4.  Transplantation of mDPSCs reduces blood glucose levels in STZ-diabetic mice. Comparison of blood glucose levels in 
STZ-treated mice injected with saline or transplanted with 106 cells (n = 6/group). Data are expressed as mean ± SEM. *p < 0.001 and 
#p < 0.05 for STZ+ mDPSC+ versus STZ+ mDPSC– group, using two-way ANOVA with Bonferroni’s post hoc. 
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Figure 5.  Quantification of pancreatic islets and insulin production after mDPSC transplantation. The number of islets was determined 
in H&E-stained pancreatic sections of STZ-treated mice transplanted or not with mDPSCs (A). Quantification of insulin-producing 
area by immunofluorescence analysis (B). *p < 0.05, tested by one-way ANOVA, and #p < 0.05, tested by Mann–Whitney’s test.

Figure 6.  Improvement of the renal function in transplanted mice with mDPSCs. Thirty days after the mDPSC transplant, urine was 
collected and the levels of glucose (A), protein (B), urea (C), and creatinine (D) were measured. Data are expressed as mean ± SEM 
(n = 6). *p < 0.05 compared with the control group (STZ–); #p < 0.05 compared to the other groups; tested by one-way ANOVA with 
Tukey’s post hoc.
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endothelial cells in diabetic mice (8,11). Similarly, in the 
present study, we observed that a single mDPSC admin-
istration into diabetic mice resulted in reduction of glu-
cose levels. However, hyperglycemia increased gradually 
with time, even in mDPSC-treated mice, suggesting the 
need for additional doses to sustain the effects. Thus, the 
number of cells and doses to achieve a better therapeutic 
effect is a parameter still to be evaluated. 

Moreover, we observed GFP and insulin coexpres-
sion in the pancreatic islets. Cells only expressing GFP 
were found less frequently in a peri-islet distribution. 
These data correlate with reports showing that stem cells 
obtained from other sources, such as bone marrow, can 
engraft and transdifferentiate into a pancreatic endocrine 
b-cell phenotype in vivo (7) or surround pancreatic islets 
and ducts and produce factors that stimulate resident cells 
of the pancreas in recipient mice in vivo (12). In contrast, 
Lechner et al. (21) did not find a significant engraftment 
of bone marrow-derived b-cells in the pancreatic islet after 
partial pancreatectomy or STZ administration. Differences 
in the model and mouse strain used, STZ dosage, route of 
administration, and the number and source of transplanted 
cells may therefore influence the fate of the cells. 

We also observed improvement of renal function in 
mice transplanted with mDPSCs by evaluation of the 
biochemical parameters. Ezquer et al. (8) suggested that 
the therapeutic effects of mesenchymal stem cells in 
the kidney include the modulation of the inflammatory 
process and neovascularization after kidney damage. 
Microalbuminuria reversion and the absence of renal his-
topathological alterations were observed in diabetic mice 
transplanted with mesenchymal stem cells obtained from 
bone marrow (8). In addition, Sca-1+ cells isolated from 
adult mouse bone marrow are mobilized into the circulation 
by transient renal ischemia, specifically home to injured 
regions and differentiate into renal tubular epithelial cells 
(15). In our model, GFP+ mDPSCs were not observed in 
the kidney of transplanted diabetic mice by immunofluo-
rescence analyses 48 h and 30 days after transplantation 
(data not shown). Therefore, we suggest that improve-
ments in kidney function are a consequence of lower glu-
cose levels promoted by mDPSC transplantation.

It has been suggested that diabetic neuropathy is caus-
ally related to the reduction of blood flow and conduction 
velocity in the nerve, impaired angiogenesis, and deficient 
growth factors (1,3,17,20,25). A recent study demonstrated 

Figure 7.  Prolonged antinociceptive effect of a single transplantation of mDPSCs in STZ-diabetic mice. Baseline response latencies (B) 
were performed before the treatments for all groups. The tail flick test was carried out daily during all of the experimental period, but the 
figure shows only data from selected days. Data are expressed as mean ± SEM (n = 6). *p < 0.01 compared with the control group (STZ–); 
#p < 0.01 compared to the other groups; tested by two-way ANOVA with Bonferroni’s post hoc.

Table 1.  Morphologic Alterations in the Kidney After Diabetes Induction and mDPSC Transplantation

Experimental Group
Glomerular and

Vascular Changes
Deposition of Glycogen 

in the Tubules
Loss of 

Brush Border
Tubular 

Dilatation

Nondiabetic mice – – – –
Diabetic nontransplanted mice – +++/+++ ++/+++ ++/+++
Diabetic mice transplanted with mDPSC – +/+++ – –

(–), absent; (+), present in less than 25% of the analyzed fields; (++), present in 50%; (+++), present in 100%; mDPSC, mouse dental pulp-derived 
stem cell.
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that the transplantation of bone marrow-derived endothelial 
progenitor cells in STZ-induced diabetic mice improves 
the nerve conduction velocity, blood flow, and capillary 
density in the sciatic nerve (14). In addition, the authors 
observed increased angiogenic and neurotrophic factors in 
sciatic nerves of transplanted mice. In the present study, 
we demonstrated, for the first time, that transplantation 
of dental pulp stem cells produces a powerful and long-
lasting antinociceptive effect in mice with diabetic neu-
ropathic pain. Interestingly, the observed antinociception 
was not only rapid but also irreversible, an effect that is 
hardly reached by analgesics clinically used. The mecha-
nism underlying the effectiveness of mDPSC transplanta-
tion for diabetic neuropathic pain is unknown; however, 
it may result from secretion of anti-inflammatory, angio-
genic, and neurotrophic factors by transplanted cells. 

In conclusion, our study supports the concept that 
mDPSCs could reverse frequent complications of diabe-
tes, such as pancreatic b-cell destruction, renal damage, 
and neuropathic pain, and suggest that dental pulp is an 
innovative source of insulin-producing cells and could 
represent an option for the control of intractable diabetic 
neuropathic pain. 
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