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Throughout the treatment period, blood glucose lev-
els and mechanical sensitivity were evaluated every 
2 weeks. After lithium treatment, the femur and L5 
vertebra were harvested for microcomputed tomog-
raphy (microCT) analysis. T1DM mice showed sig-
nificant hyperglycemia, mechanical hypersensitivity, 
and significant trabecular bone loss as compared with 
the control group. Chronic lithium treatment did not 
revert the hindpaw mechanical hypersensitivity nor 
hyperglycemia associated to T1DM induced by STZ. 
In contrast, microCT analysis revealed that lithium 
reverted, in a dose-dependent manner, the loss of tra-
becular bone associated to T1DM induced by STZ 
at both the distal femur and L5 vertebra. Lithium 
treatment by itself did not affect any trabecular bone 
parameter in non-diabetic mice.

Keywords  Type-1 diabetes mellitus · Peripheral 
neuropathy · Mechanical hipersensitivity · microCT · 
Osteoporosis · Lithium

Introduction

Diabetes mellitus (DM) is a severe condition charac-
terized by chronic hyperglycemia caused by defects in 
insulin production and/or its action (Petersmann et al. 
2019; IDF 2021). The prevalence of DM is alarm-
ingly increasing in the world; in 2019 it was reported 
that 463  million people were living with DM, and 
this number is expected to increase to 578  million 
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by 2030 (IDF 2021). DM leads to several complica-
tions affecting the cardiovascular, renal, peripheral 
nervous, and skeletal systems (Mauricio et al. 2020; 
Romero-Díaz et al. 2021).

Recently, DM has also been associated with bone 
deterioration and to an increased risk of fracture 
(Vestergaard 2007; Thangavelu et  al. 2020). Par-
ticularly, women and men with type-1 DM (T1DM) 
increased four and two times the risk of any frac-
tures, respectively, compared with healthy individu-
als (Shah et al. 2015). In agreement with this, we and 
others have shown that chemically induced T1DM 
decreases bone mineral density and parameters of 
trabecular bone microarchitecture (Peng et  al.  2016; 
Enríquez-Pérez et al. 2017; Martínez-Martínez et al. 
2020) as well as decreases the strength of mouse 
bones (Fowlkes et al. 2013; Iyer et al. 2017; Maycas 
et al. 2017). Since the prevalence of T1DM is stead-
ily increasing, it is expected that the incidence of its 
complications will also rise around the world (Pat-
terson et  al. 2019). Thus, there is a medical need 
to develop safer and more efficacious therapies to 
treat T1DM-associated peripheral neuropathies and 
osteoporosis.

Lithium is a mood stabilizer that has been a first-
line therapy for bipolar disorder for several decades 
(Malhi et  al. 2013; Volkmann et  al. 2020). Patients 
on lithium maintenance therapy have been shown to 
improve bone mineral density (Zamani et  al. 2009). 
Likewise, in  vitro studies demonstrated that lith-
ium stimulates osteoblast differentiation markers, 
decreased bone resorption, and increased calcium 
deposition (Wong et  al. 2020). In addition, chronic 
lithium treatment has been shown to reverse trabecu-
lar bone loss in the femur and tibia in animal models 
of ovariectomy-induced osteoporosis (Jin et al. 2017; 
Bai et  al. 2019), improves bone regeneration (Wang 
et  al. 2015) and fracture healing (Klontzas et  al. 
2016).

Peripheral neuropathy is one of the most com-
mon complications of DM. It is mainly character-
ized by pain, hypersensitivity (tactile allodynia and 
hyperalgesia), paresthesia, and dysesthesia that gen-
erally affects the upper and lower extremities (Singh 
et al. 2014; Feldman et al. 2019). It has been reported 
that both acute and chronic lithium treatment reduces 
mechanical allodynia and hyperalgesia in models of 
neuropathic pain induced by paclitaxel (Pourmo-
hammadi et  al. 2012), partial sciatic nerve ligation 

(Banafshe et al. 2012), and sciatic nerve chronic con-
strictive injury (CCI) (Shimizu et al. 2000; Esu et al. 
2021). However, to the best of our knowledge, the 
antinociceptive and osteoprotective effect of lithium 
under conditions of T1DM has not been studied. 
Thus, we aimed to determine the effect of chronic 
lithium treatment on mechanical sensitivity and tra-
becular bone loss induced by an experimental model 
of T1DM.

Materials and methods

Reagents

Streptozotocin (STZ, catalog #S0130) and lith-
ium chloride (LiCl, catalog #62476-100G-F) were 
obtained from Sigma Aldrich (St. Louis, MO, USA). 
Citric acid monohydrate (catalog #0110-01) and 
sodium citrate dehydrate (catalog #3646-01) were 
obtained from J.T. Baker (Center Valley, PA, USA). 
All solutions were freshly prepared each day before 
using.

Animals

Fifty-two male C57BL/6J mice (11-weeks-old) with 
a body weight of 21–25  g at the beginning of the 
experiment were obtained from the breeding facility 
of Facultad de Medicina, UAEM. Mice were housed 
in a constant temperature (22 ± 2  °C) and humidity-
controlled room under a 12-h light/dark cycle (lights 
on at 07:00  h), with free access to standard rodent 
chow and water. Procedures involving mice and their 
care were conducted in conformity with the Mexican 
Official Norm for Animal Care and Handling (NOM-
062-ZOO-1999) and the Guide for the Care and Use 
of Laboratory Animals (NRC 2011). Moreover, ethics 
approval for the protocol was obtained by the Institu-
tional Animal Care and Use Committee of the Facul-
tad de Medicina, Universidad Autónoma del Estado 
de Morelos (FM/20/110).

Induction of type‑1 diabetes mellitus

After 1 week of acclimation at our animal facil-
ity, mice were randomly divided into two groups: a 
control group and a T1DM group. The control group 
received one daily intraperitoneal (i.p.) injection of 
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0.1 M citrate buffer pH 4.5 (CIT, 0.1 mL/10 g body 
weight, i.p.) for five consecutive days. The T1DM 
group received five daily administrations of STZ 
(50  mg/kg, dissolved in CIT) (Motyl et  al.  2012; 
Enríquez-Pérez et al. 2017; Martínez-Martínez et al. 
2020). Both CIT and STZ were injected after a 12-h 
fasting period. To confirm the development and main-
tenance of T1DM model, blood glucose levels were 
determined at 1, 4, 8, and 12 weeks post-T1DM 
induction. Mice with blood glucose levels greater 
than 300 mg/dL were considered as diabetic and were 
included in the study. To ensure a high survival rate 
of diabetic mice, the cages were cleaned every day 
and the water supply was daily replaced.

Chronic lithium treatment

After 12 weeks post-T1DM induction, CIT-treated 
mice were subdivided by randomization using the 
GraphPad Prism software version 8 (GraphPad Soft-
ware, Inc.) into the following groups: (1) CIT + Veh 
(n = 8), (2) CIT + Li 60  mg/kg (n = 9); while 
STZ-treated mice were distributed as follows: (3) 
STZ + Veh (n = 11), (4) STZ + 30  mg/kg Li (n = 12), 
and (5) STZ + 60 mg/kg Li (n = 12) (Fig. 1A). Mice 

were intraperitoneally injected with 30 or 60  mg/
kg/day of lithium (LiCl) every day for 6 weeks. 
Mice from vehicle group received the same volume 
of distilled water (vehicle; 0.1/10  mg body weight) 
(Fig. 1A). The lithium doses used in this study have 
been reported to maintain safe serum lithium levels in 
mice (Gill et al. 2009). Furthermore, previous reports 
also showed that lithium treatment for 6 weeks, 
at similar dose is safe (Lewicki et  al.  2006; Wang 
et al. 2015; Li et al. 2017; Kurgan et al. 2019). 

Assessment of lithium treatment on body weight and 
blood glucose levels

During the whole experiment, the body weight of 
mice was monitored once a week. Blood glucose 
levels were assessed before T1DM induction, every 
4 weeks until week 12 post-T1DM induction, and 
biweekly after lithium treatment was started. In all 
cases, blood glucose measurement was performed 
after a 6-h fasting period. Blood samples were 
obtained from the tail vein to determine glucose con-
centration using a calibrated glucometer (Accu-Chek 
Performa, Roche Diagnostic, Germany).

Fig. 1   Chronic treatment 
with lithium did not modify 
body weight or blood 
glucose levels. Schematic 
representation of the experi-
mental design (A). T1DM 
mice showed a significant 
decrease in body weight as 
compared to CIT + Veh (B). 
Blood glucose levels from 
T1DM mice (STZ + Veh) 
were significantly higher 
as compared to glucose of 
CIT + Veh treated mice. 
However, both doses of 
lithium assayed did not 
affect body weight or blood 
glucose levels as compared 
with STZ + Veh (A, B). 
BL baselines, vF von Frey. 
Each point represents the 
mean ± SEM (n = 8–12); 
*p < 0.05 by two-way 
ANOVA on ranks followed 
by Dunn’s pairwise tests 
with Bonferroni adjust-
ments
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Assessment of lithium on mechanical sensitivity in 
mice with T1DM

To determine whether T1DM induced mechanical 
hypersensitivity, the 50% paw withdrawal threshold 
was assessed using von Frey filaments (Stoelting, 
IL, USA) following the up-down method previously 
described (Chaplan et  al. 1994). Briefly, the mice 
were placed in individual acrylic boxes with a wire 
mesh floor for 30 min to allow them to acclimatize to 
their surroundings. The filaments were then pressed 
perpendicularly against the mid-plantar surface of 
both hindpaws for approximately 3–5  s. A response 
was considered positive when the mouse exhibited 
paw withdrawal after stimulation, along with a noci-
ceptive behavior (flinching, licking, or guarding). 
The stimulation started with the 0.4  g filament, and 
a positive response was followed by the stimulation 
with the next lower force filament, while a negative 
response was followed by the stimulation with the 
next higher force filament in the set. This procedure 
continued until six responses were obtained. The pat-
tern of positive-negative responses was used to cal-
culate the 50% paw withdrawal threshold, expressed 
in grams. The 50% paw withdrawal thresholds were 
assessed in all animals at 0, 4, 8, and 12 weeks after 
T1DM induction. Then, to determine if lithium pro-
duced an antinociceptive effect, the 50% paw with-
drawal thresholds were measured every 2 weeks 
(Fig.  1A). The investigator performing the evalua-
tion was blinded to the experimental condition of the 
mice.

Assessment of lithium effect on bone loss in mice 
with T1DM

The day after the last lithium or vehicle injection (18 
weeks post T1DM-induction), mice were anesthe-
tized with a combination of ketamine and xylazine 
(100/10 mg/kg, i.p.) and perfused intracardially with 
20 mL of phosphate buffered saline (PBS, 0.1 M pH 
7.4 at 4 °C) followed by 20 mL of 4% formaldehyde 
in PBS (Fig.  1A). The hind limbs and L5 vertebra 
were removed and postfixed for 24 h with 4% formal-
dehyde and then stored in PBS at 4  °C until micro-
computed tomography (microCT) analysis.

Trabecular bone was analyzed at the level of the 
distal femur and L5 vertebra using a microCT sys-
tem (Skyscan 1272, Bruker, Belgium). The scanning 

process was performed at a 10 μm voxel size, 60 kVp 
x-ray power, and 166 µA with an integration time 
of 627 ms, according to the guidelines for microCT 
analysis for rodent bone structure (Bouxsein et  al. 
2010). All obtained images were reconstructed using 
NRecon Software (Bruker, Belgium). For distal femur 
analysis, the region of interest (ROI) was evaluated 
by selecting 1 mm in the vertical axis, after 0.2 mm 
from the growth plate (reference point). For the L5 
vertebra, ROI was evaluated by selecting 2 mm in the 
vertical axis. CT analyzer program (Bruker, Belgium) 
was used to determine trabecular bone parameters. 
An automatic segmentation algorithm (CT analyzer) 
was applied to isolate trabecular bone from cortical 
bone. Hydroxyapatite calibration phantoms (250 and 
750 mg/cm3) were used for calibrating bone density 
values. The parameters evaluated in trabecular bone 
were bone mineral density (BMD) and percent bone 
volume (BV/TV).

Statistical analysis

All values are presented as the mean ± SEM. A 
two-way repeated measures analysis of variance 
(ANOVA) followed by Bonferroni’s post hoc test was 
used to compare each parameter between the differ-
ent treatments and experimental groups at different 
time points. For microCT results, one-way ANOVA 
followed by Bonferroni’s post hoc test was used to 
compare each parameter between the different experi-
mental groups. When normality test failed, a non 
parametric test was performed (two-way ANOVA on 
ranks followed by Dunn’s pairwise tests with Bonfer-
roni adjustments). Statistical analyses were performed 
using GraphPad Prism 8  (GraphPad Software Inc., 
San Diego, CA, USA). Throughout the study, p < 0.05 
was considered to indicate a statistically significant 
difference.

Results

Chronic treatment with lithium did not affect body 
weight or blood glucose levels

At the beginning of the experiments, STZ- and CIT-
injected mice had a similar body weight (Fig.  1B). 
Then, during the entire evaluation period (18 weeks), 
the results showed that STZ-injected mice did not 
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increase body weight (Fig.  1B). Chronic treatment 
with lithium at 30 or 60  mg/kg did not change the 
body weight of STZ- or CIT-treated mice (Fig. 1B). 
Regarding glucose levels, both STZ- and CIT-
injected mice displayed baseline blood glucose levels 
around 104.4 ± 1.8  mg/dL. However, after 12 weeks 
of T1DM induction, STZ-injected mice displayed 
blood glucose levels greater than 300 mg/dL. In con-
trast, the blood glucose levels of CIT-injected mice 
were 127.4 ± 2.8 mg/dL (Fig. 1C). The chronic treat-
ment with lithium at both doses used did not signifi-
cantly change the blood glucose levels in T1DM mice 
(Fig. 1C).

Chronic treatment with lithium did not revert the 
mechanical hypersensitivity induced by T1DM

Before T1DM induction, there were no significant 
differences in the 50% withdrawal threshold values 
between the CIT- and STZ-treated mice (Fig.  2). 
However, after STZ injections, T1DM mice devel-
oped a progressive mechanical hypersensitivity in 
both hindpaws evidenced by a decrease in the 50% 
withdrawal threshold values until reaching their max-
imal reduction at week 12 post-STZ (0.43 ± 0.02 g). 
This mechanical hypersensitivity persisted until the 
end of the treatment period. Intraperitoneal chronic 
treatment with both 30 and 60  mg/kg lithium failed 

to revert the mechanical hypersensitivity developed in 
T1DM mice (Fig. 2). 

Chronic treatment with lithium reversed trabecular 
bone loss induced by T1DM

To determine the effect of lithium on trabecular 
bone loss induced by T1DM, a microCT analysis at 
the distal femoral metaphysis (Fig.  3) and L5 verte-
bra (Fig.  4) was performed. The three-dimensional 
images of the distal femoral metaphysis showing 
the region of interest analyzed by microCT (dashed-
line bracket, Fig.  3A) showed that mice from the 
STZ + Veh group (Fig.  3C) had a reduced num-
ber of trabeculae and greater trabeculae separation 
compared to control mice treated with CIT + Veh 
(Fig.  3B). Quantitative microCT analysis revealed a 
significant decrease in BMD (Fig.  3E) and BV/TV 
(Fig.  3F) in mice treated with STZ + Veh compared 
to mice treated with CIT + Veh. Chronic lithium 
treatment reversed, in a dose-dependent manner, the 
T1DM-induced loss in BMD and BV/TV; however, 
the effect of lithium on BMD was only statistically 
significant at the 60 mg/kg dose (Fig. 3D, E). Treat-
ment with 30 or 60  mg/kg of lithium for 6 weeks 
significantly reversed the loss of BV/TV induced by 
T1DM (Fig. 3F). 

Representative three-dimensional showing the 
region of interest trabecular bone in the L5 vertebra 
(dashed-line bracket), showed that mice treated with 

Fig. 2   Chronic lithium treatment did not revert mechani-
cal hypersensitivity induced by T1DM. T1DM mice showed 
marked mechanical hypersensitivity 12 weeks post-STZ 
injection. 6 weeks of intraperitoneal lithium treatment at 30 
or 60 mg/kg did not affect T1DM-induced mechanical hyper-

sensitivity, on the left (A) or right (B) hindpaws. Data are 
presented as mean ± SEM (n = 8–12); *p < 0.05 by  two-way 
ANOVA on ranks followed by Dunn’s pairwise tests with Bon-
ferroni adjustments
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STZ + Veh (Fig. 4B) developed deterioration of the tra-
becular bone compared to those control mice treated 
with CIT + Veh (Fig.  4A). The quantitative analysis 
revealed a significant decrease of BMD (Fig. 4D), but 
not BV/TV (Fig. 4E) in T1DM mice as compared with 
CIT + Veh treated mice. The chronic lithium treatment 
reversed, in a dose-dependent manner, the T1DM-
induced loss of BMD and BV/TV (Fig. 4D, E). Finally, 
a control CIT group was treated with the highest tested 
lithium dose (60 mg/kg) to determine whether lithium 
by itself did not affect bone parameters in naïve mice. 
Quantitative analysis showed that the lithium treatment, 
at the 60 mg/kg dose for 6 weeks, had no effect on any 
bone microarchitecture parameters in both bone types 
analyzed as compared with those in mice treated with 
CIT + Veh (data not shown).

Discussion

Our results demonstrate that chronic lithium treat-
ment reverted in a dose-dependent manner the tra-
becular bone loss (BMD and BV/TV parameters) at 
the distal femur and L5 vertebra induced by experi-
mental T1DM. In agreement with this, several stud-
ies have reported that lithium acts as an osteopro-
tective agent in different models of bone loss. It 
has been shown that oral treatment with lithium at 
both low (20  mg/kg for 2 weeks) and high doses 
(150 mg/kg/2 days for three months) enhances frac-
ture healing and bone formation in an osteoporosis 
model, respectively (Jin et al. 2017; Vachhani et al. 
2018). Likewise, in a rat model of closed femo-
ral shaft fracture, it was found that fracture heal-
ing was maximized with a daily oral lithium treat-
ment (20  mg/kg for 2 weeks), initiated seven days 
after fracture (Bernick et  al. 2014). Moreover, rats 

1mm 100 µm

A B C D

F

CIT+Veh STZ+Veh STZ+Li (60 mg/kg)

E

Fig. 3   Chronic lithium treatment reversed the loss of trabecu-
lar bone at the femoral distal metaphysis induced by T1DM. 
Longitudinal section of the distal femoral metaphysis show-
ing the region of interest analyzed by microCT (dashed-line 
bracket, A). Representative three-dimensional reconstructions 
of the trabecular bone show a marked bone loss in mice treated 
with STZ + Veh (C) as compared to mice in the CIT + Veh 

(B) and STZ + Li (60 mg/kg, D) groups. Quantitative analysis 
revealed that lithium reversed, in a dose-dependent manner, 
the trabecular bone mineral density (BMD, E) and the per-
cent bone volume rate (BV/TV, F) in T1DM mice. Data are 
presented as mean ± SEM (n = 8–12); *p < 0.05 by one-way 
ANOVA followed by Bonferroni’s post hoc test
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subjected to osteotomy and distraction osteogenesis 
chronically treated with LiCl (200 mg/kg/day, intra-
gastric, for 10 weeks) showed higher BMD, more 
new mature bone tissue, and better regenerated 
bone mass continuity in the distraction gaps (Wang 
et al. 2015). In support of these preclinical studies, 
in clinical studies it has been observed that patients 
on lithium maintenance therapy (at therapeutic 
doses) had higher BMD at the lumbar spine and 
the proximal femur. Moreover, these patients also 
showed lower serum concentrations of bone turno-
ver markers such as alkaline phosphatase (ALP), 
collagen type-1  C-telopeptide (CTX), and osteoc-
alcin compared to age-matched controls, suggest-
ing that lithium may enhance bone mass through by 

decreasing bone turnover (Zamani et  al. 2009). In 
addition, a meta-analysis study found that lithium 
use was associated with a 20% decreased risk of 
fracture (Liu et al. 2019).

Although the exact mechanism underlying the 
osteoprotective effect of lithium remains unknown, 
it is possible to suggest that the treatment with the 
metal may cause an inhibition of the GSK-3β enzyme 
and activation of the Wnt/β-catenin signaling path-
way. In support of this, a recent study demonstrated 
that treatment with a low dose of lithium (10  mg/
kg/day) for 6 weeks inhibited GSK-3β, while acti-
vating Wnt/β-catenin in the bone of male C57BL/6J 
mice (Kurgan et al. 2019). Furthermore, studies have 
shown that modulating GSK-3β signaling stimulates 

500 µm

CB

D

STZ+VEH STZ+Li (60 mg/kg)

BV/TVEBMD

A CIT+Veh

Fig. 4   Chronic lithium treatment reversed bone loss of tra-
becular bone at L5 vertebra induced by T1DM. Representa-
tive three-dimensional reconstructions showing the region of 
interest analyzed of the trabecular bone (dashed-line brack-
ets), show a marked bone loss in STZ + Veh (B) as compared 
to CIT + Veh (A), and STZ + Li (60 mg/kg) treated mice (C). 

Quantitative analysis revealed that lithium reversed, in a dose-
dependent manner, the trabecular bone mineral density (BMD, 
D) and percent bone volume rate (BV/TV, E) in T1DM mice. 
Data are presented as mean ± SEM (n = 8 each); *p < 0.05 by 
one-way ANOVA followed by Bonferroni’s post hoc test
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osteoblast differentiation, increase bone mass, and 
reduce fracture risk (Hoeppner et  al. 2009; Wang 
et al. 2009; Antika et al. 2017). Although most of the 
scientific evidence suggests that lithium positively 
affects osteoblasts and therefore increases bone for-
mation, we cannot exclude the possibility that the 
osteoprotective effect of lithium observed in our study 
may result from osteoclast inhibition. Firstly, studies 
have shown that T1DM increased osteoclast activ-
ity and bone resorption in long bones of diabetic rats 
and mice, accompanied by increased protein expres-
sion of RANKL, TRAP (tartrate-resistant acid phos-
phatase), and cathepsin K (Hie et al. 2007; Yang et al. 
2020). Second, in rats with osteoporosis induced by 
ovariectomy, 10 mM of LiCl locally injected into the 
distal femoral condyle on the 1st and 30th days after 
surgery significantly reduced TRACP-5b and CTX 
(Bai et  al. 2019), essential markers of bone resorp-
tion. In addition, a study performed using a model 
of titanium-induced calvarial osteolysis in C57BL/6J 
mice reported that 50 or 200 mg/kg LiCl (i.p.) treat-
ment for 2 weeks decreased the osteoclast number, 
pore number, and porosity area in mice calvaria (Hu 
et al. 2017). Finally, another potential explanation for 
the osteoprotective effect by lithium would be a pos-
sible ability to decrease diabetes progression and to 
indirectly revert the bone loss induced by STZ. How-
ever, this is less likely to occur as our results showed 
that chronic lithium treatment did not modify body 
weight or blood glucose levels in T1DM mice.

In the present study, it was shown that lithium 
treatment did not reverse the mechanical hypersensi-
tivity observed in the T1DM mice. In contrast to our 
results, there is evidence showing that chronic lithium 
treatment reverts thermal hyperalgesia and mechani-
cal allodynia in rat models of paclitaxel-induced neu-
ropathic pain (Pourmohammadi et al. 2012) and sci-
atic nerve chronic constrictive injury (CCI) (Shimizu 
et  al. 2000; Esu et  al. 2021), respectively. Likewise, 
a study performed in male C57BL/6J mice using the 
sciatic nerve cuffing model reported that a single dose 
of LiCl 100 mg/kg reduced mechanical allodynia and 
thermal hyperalgesia, an effect that lasted about 24 h 
(Weinsanto et  al. 2018). While the reasons behind 
these discrepancies are unknown, it is possible to sug-
gest that the pathogenesis of the mechanical hyper-
sensitivity associated with T1DM is different to those 
in other models of neuropathic pain.

The present study has some limitations. First, 
the biomechanical properties of the bones were not 
assessed, so further studies are needed to determine 
the biomechanical strength of bone after lithium treat-
ment under T1DM conditions. Secondly, serum lith-
ium levels were not measured in our study. However, 
similar doses to those used in our study in mice have 
been shown to reach therapeutic levels compared with 
patients on treatment for bipolar disorder (Gill et al. 
2009). We do recognize that experiments evaluating 
biomechanical properties of bone and measurement 
of serum lithium level would significantly improve 
this study. However, due to lack of infrastructure and 
restricted resources in our laboratory we were not 
able to perform these experiments. Thirdly, we sug-
gest that with the lithium doses used in this study, 
osteoblast differentiation and activity are promoted 
based on the results from previous reports, further 
studies are needed to clarify the exact mechanisms 
behind this effect.

Conclusions

Chronic lithium treatment did not reverse the mechan-
ical hypersensitivity induced by STZ-induced T1DM. 
In contrast, microCT analysis revealed that lithium 
reverted, in a dose-dependent manner, the trabecular 
bone loss induced by T1DM at both the distal femur 
and L5 vertebra. These results suggest that lithium 
treatment could represent a therapeutic alternative for 
bone loss in patients with T1DM.
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