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Abstract
The sulfur-containing amino acid, taurine (Tau), regulates glucose and lipid homeostasis under normal, pre- and diabetic 
conditions. Here, we aimed to verify whether Tau supplementation exerts its beneficial effects against obesity, hypergly-
cemia and alterations in islet functions, in leptin-deficient obese (ob/ob), over a long period of treatment. From weaning 
until 12 months of age, female ob/ob mice received, or not, 5% Tau in drinking water (obTau group). After this period, a 
reduction in hypertriglyceridemia and an improvement in glucose tolerance and insulin sensitivity were observed in obTau 
mice. In addition, the daily metabolic flexibility was restored in obTau mice. In the gastrocnemius muscle of obTau mice, 
the activation of AMP-activated protein kinase (AMPK) was increased, while total AMPK protein content was reduced. 
Finally, isolated islets from obTau mice expressed high amounts of pyruvate carboxylase (PC) protein and lower glucose-
induced insulin secretion. Taking these evidences together Tau supplementation had long-term positive actions on glucose 
tolerance and insulin sensitivity, associated with a reduction in glucose-stimulated insulin secretion, in ob/ob mice. The 
improvement in insulin actions in obTau mice was due, at least in part, to increased activation of AMPK in skeletal muscle, 
while the increased content of the PC enzyme in pancreatic islets may help to preserve glucose responsiveness in obTau 
islets, possibly contributing to islet cell survive.
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Introduction

Type 2 diabetes mellitus (T2D) is characterized by insulin 
resistance and pancreatic β-cell failure (Wang et al. 2017), 
and the incidence of this disease is increasing worldwide 
(Lopez-Otin et al. 2013; Palmer et al. 2015). In addition, 
obesity, insulin resistance and diabetes are major risk fac-
tors for the early onset of age-related complications, such as 

renal dysfunction, cardiovascular disease, stroke, impaired 
wound healing, infection, depression, and cognitive decline 
(Lopez-Otin et al. 2013). The hyperphagic leptin-deficient 
obese (ob/ob) mice display severe obesity, insulin resistance, 
and massive pancreatic β-cells hyperplasia and hypertrophy 
(Muzzin et al. 1996; Santos-Silva et al. 2015; Tomita et al. 
1992). Moreover, the daily oscillation in energy expendi-
ture is drastically disrupted in ob/ob mice (Hwa et al. 1996, 
1997), due to misalignments in several circadian endogenous 
factors and behaviors (Ando et al. 2011; Laposky et al. 2006; 
Strohmayer and Smith 1987).

Taurine (Tau; 2-aminoethanesulfonic acid) is found 
at high levels in mammalian tissues (Huxtable 1992) and 
this amino acid is reported to decrease adiposity in diet-
induced obesity (Batista et al. 2013; Tsuboyama-Kasaoka 
et al. 2006). Tau also improves insulin secretion and/or sen-
sitivity, and increases glucose and lipid metabolism (Batista 
et  al. 2013; Bonfleur et  al. 2015; Nandhini et  al. 2005; 
Ribeiro et al. 2012; Takahashi et al. 2016). Furthermore, 
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Tau supplementation prevents insulin and glucagon hyper-
secretion, and decreases islet hypertrophy in 3-month-old 
ob/ob mice (Santos-Silva et al. 2015). However, data con-
cerning the prolonged benefits of Tau treatment for obesity-
linked comorbidities are scarce. Tau treatment for 15 months 
reduces glycemia and mortality in streptozotocin-induced 
diabetic rats (Di Leo et al. 2004) and Tau supplementa-
tion prevented hypercholesterolemia and atherosclerosis in 
mice fed on a HFD for 6 months (Murakami et al. 2000). 
However, the mechanisms of action by which Tau regulates 
body glucose and lipid metabolism in the long term are still 
unknown. Here, ob/ob mice were supplemented with Tau for 
11 months to investigate the effects and cellular mechanisms 
that long-term Tau treatment has upon lipid and glucose 
homeostasis, and pancreatic islet function in these genetic 
and severe obese rodents.

Materials and methods

Experimental groups

All experimental procedures were developed in accord-
ance with the ethics committee in animal experimentation, 
UNICAMP (certificate no 2018-1), and the methods were 
conducted in accordance with the approved guidelines. 
From weaning to 12 months of age, female leptin-deficient 
obese (ob/ob) mice were supplemented or not with 5% Tau 
(Ribeiro et al. 2012) in their drinking water (obTau). During 
the entire experimental period, mice groups were maintained 
on a 12-h light–dark cycle (lights 6:00–18:00 h) with con-
trolled humidity and temperature (21 ± 2 °C), and allowed 
free access to standard laboratory chow diet (Nutrilab, 
Colombo, PR, BRA) and water.

Indirect calorimetry

At 12 months of age, obTau and ob/ob mice were individu-
ally placed in the registration chambers of the calorimetry 
system and allowed to adapt for 24 h. After adaptation, the 
volume of carbon dioxide production (VCO2) and the vol-
ume of oxygen consumption (VO2) were registered during 
24 h using the Oxylet calorimeter system (Pan Lab/Harvard 
Instruments, Barcelona, Spain). The analysis of the respira-
tory exchange ratio (RER) was performed using the Metab-
olism software (Pan Lab/Harvard Instruments, Barcelona, 
Spain) (Alberts et al. 2006).

Intraperitoneal glucose (ipGTT) and insulin (ipITT) 
tolerance tests

At the end of experimental period, after overnight fasting, 
glycemia was measured in obTau and ob/ob mice using a 

glucose analyzer (Accu-Chek Performa, Roche Diagnostic®, 
Switzerland), from blood samples collected at the tip of the 
tail. Afterwards, all the mice received an i.p. injection of 
glucose (2 g kg−1 body weight). Blood glucose was meas-
ured again at 15, 30, 60 and 120 min after glucose adminis-
tration (Santos-Silva et al. 2015). Two days after the ipGTT, 
glycemia was measured in 2 h-fasted obTau and ob/ob mice 
before the administration of an i.p. injection of 10 UI/kg 
body weight of human insulin (Humulin® R, Lilly’s, São 
Paulo, SP, BRA) (Santos-Silva et al. 2015). Glycemia was 
also measured at 3, 6, 9, 12, 15, 18 and 21 min after insulin 
administration. The values of glycemia were converted to 
natural logarithmic values (Sugden and Holness) to assess 
it the decay rate constant (KITT). Using linear regression, 
the slope was calculated (time × Lnglycemia) and the glycemia 
decay rate constant (%/min) was obtained multiplying the 
result by 100.

Obesity evaluation and biochemical nutritional 
parameters

At 12 months of age, body weights were measured in both 
mice groups. Subsequently, mice were euthanized by decapi-
tation and the retroperitoneal and perigonadal fat pads and 
the interscapular brown adipose tissue were collected and 
weighed. Blood samples were collected and the plasma 
was used for insulin measurement by radioimmunoassay 
(Zachariah Tom et al.) (Ribeiro et al. 2010). Plasma glu-
cose concentrations were measured using a glucose analyzer 
(Accu-Chek Perfoma, Roche Diagnostic, Switzerland). Total 
cholesterol (CHOL) and triglycerides (TG) were measured 
using colorimetric standard commercial kits, according to 
the manufacturer’s instructions (Roche/Hitachi®; Indianopo-
lis, USA, and Wako®; Richmond, USA, respectively).

Static insulin secretion

After euthanasia of 12-month-old obTau and ob/ob mice, 
a laparotomy was performed and the pancreases were per-
fused with Hank’s buffer, pH 7.4, containing collagenase 
type V (Sigma Chemical, St Louis, MO, USA). The pancre-
ases were dissected and incubated at 37 °C for digestion of 
the exocrine pancreatic tissue. Groups of four isolated islets 
were incubated for 30 min at 37 °C in Krebs–Ringer bicar-
bonate (KRB) buffer supplemented with 5.6 mM glucose 
plus 0.3% BSA (Sigma Chemical, St Louis, MO, USA), pH 
7.4, and continuously gassed with 95% O2/5% CO2. This 
medium was then replaced with fresh KRB buffer containing 
2.8, 11.1 and 22.2 mM glucose and the islets were incubated 
for a further 1 h. After this period, the insulin content of the 
medium was measured using human insulin radiolabeled 
with 125I (Perkin Elmer, Waltham, USA) by RIA (Ribeiro 
et al. 2010). For islet insulin content, groups of four islets 
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were collected and transferred to tubes containing 1 mL of 
deionized water, and the islet cells were homogenized using 
an ultrasonic homogenizer (Brinkmann Instruments, West-
bury, NY, USA).

Cytoplasmic Ca2+ oscillation measurement 
by fluorescence

For intracellular Ca2+ concentration ([Ca2+i]) record-
ings, isolated islets were incubated in KRB medium con-
taining 5.6 mM glucose at 37o C for 2 h. During the last 
hour of incubation, islets were loaded with 5 µM of the 
Ca2+-sensitive dye Fura-2 acetoxymethyl ester (AM). After-
wards, single islets were placed inside a thermostatically 
regulated chamber (37o C) over poly-l-lysine-treated glass 
coverslips and perifused with a BSA-free KRB buffer con-
taining 2.8 or 11.1 mM glucose. Fura-2AM loaded islets 
were imaged using an inverted epifluorescence microscope 
(Nikon Eclipse TE200, Tokyo, Japan). A ratio image was 
acquired every 3 s with a Cool One camera (Photon Tech-
nology International, NJ, USA) using a dual filter wheel 
equipped with 340, 380 and 10 nm bandpass filters, and a 
range of neutral density filters (Photon Technology Interna-
tional, NJ, USA). Data were acquired using the Image Mas-
ter version 5.0 software (Photon Technology International, 
NJ, USA) (Santos-Silva et al. 2015).

Western blotting

For protein amount evaluation, isolated islets, or frag-
ments of the liver or gastrocnemius muscle were solubi-
lized in antiprotease and antiphophatase buffer contain-
ing: 100 mM Tris pH 7.5, 10 mM sodium pyrophosphate, 
100 mM sodium fluoride, 10 mM EDTA, 10 mM sodium 
vanadate, 2 mMPMSF and 1% Triton-X 100. The extracts 
were then centrifuged at 15.294g at 4 °C for 40 min to 
remove insoluble material. The protein concentration 
in the supernatants was assayed using the Bradford dye 
method (Bradford 1976), using BSA as a standard curve 
and a commercial Bradford reagent (Bio-Agency Lab., São 
Paulo, SP, BRA). The samples were homogenized with a 
loading buffer containing β-mercaptoethanol. After heat-
ing at 100 °C for 5 min, the proteins were separated by 
electrophoresis (30 μg protein/lane in 10% gels) and then 
transferred to nitrocellulose membranes. Afterwards, 
nitrocellulose membranes were staining with Ponceau S 
solution (Sigma-Aldrich, St. Louis, MA, USA). The mem-
branes were incubated with specific primary antibodies 
against pyruvate kinase (PC, 1:1000; cat.sc 271862), or 
pyruvate dehydrogenase (PDH, 1:1000; cat sc 377092), 
phospho (p)-AMPKα Thr172 (1:1000, cat. #2535), or 
AMPK (1:1000, cat. #2532), or acetyl-CoA carboxylase 
(ACC, 1:1000; cat. #3662), or p-acetyl-CoA carboxylase 

Ser79 (pACC, 1:1000; cat. #3661), or carnitine palmitoyl 
transferase-1a (CPT-1; cat. sc-20669, Santa Cruz Biotech-
nology Inc., CA, USA). With the exception of the CPT-1 
antibody, all primary antibodies were purchased from Cell 
Signaling Technology, Boston, MA, USA. Anti-glyceral-
dehyde 3-phosphate dehydrogenase antibody was used as 
an internal control (GAPDH, 1:1.000, cat.sc25778). Detec-
tion of the proteins was performed after a 2 h incubation of 
the nitrocellulose membranes with horseradish peroxidase-
conjugated secondary antibody (1:10000, Invitrogen, São 
Paulo, SP, BRA) and chemiluminescent reagents, followed 
by exposure to an ImageQuant LAS 4000 Mini system 
(GE® Healthcare Bio-Sciences, Uppsala, Sweden). The 
chemiluminescence band intensities or Ponceau staining 
of each lane were quantified with the ImageQuant TL 7.0 
Software (GE® Healthcare Bio-Sciences, Uppsala, Swe-
den). To verify if GAPDH protein content differ between 
groups, the GAPDH protein amount was divided by the 
respective Ponceau staining in the lane for all samples. 
The densitometry of each target protein in this study was 
divided by the respective GAPDH protein. For phospho-
rylated proteins, the densitometry of bands was divided 
by the densitometry of the corresponding total protein and 
GAPDH, and subsequently multiplied by 100 (Ribeiro 
et al. 2012).

Statistical analysis

Results are presented as mean ± SEM for the number of 
independent experiments (n) indicated in the table and figure 
legends. The area under the curve (AUC) was calculated by 
trapezoidal integration using GraphPad Prism® version 5.00 
for Windows (San Diego, CA, USA). Data were prior ana-
lyzed using Shapiro–Wilk normality test and subsequently 
submitted to parametric (unpaired Student’s t test) or non-
parametric (Mann–Whitney U test) unpaired tests also using 
GraphPad Prism® version 5.00 software. The level of signifi-
cance was set at P < 0.05.

Results

Obesity evaluation and fuel oxidation

Body weight, perigonadal and retroperitoneal fat depots, 
and interscapular brown adipose tissue accumulation were 
similar in obTau and ob/ob mice, after 12 months (Table 1). 
The obTau mice presented a significant increase in RER at 
night, compared to during the daytime (P < 0.04; Fig. 1a, b). 
In contrast, RER in ob/ob mice was similar during both night 
and day periods (Fig. 1a, b).
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Glucose tolerance, insulin sensitivity and plasma 
lipids profile

During fasting, obTau and ob/ob mice showed similar gly-
cemia (Fig. 2c). Despite demonstrating a tendency, insuline-
mia did not differ between obTau and ob/ob mice (Fig. 2d). 
However, after a glucose challenge, obTau mice displayed 
better glucose tolerance during the ipGTT, with lower glyce-
mia at 15, 30 and 60 min during the test (P < 0.02, P < 0.01 
and P < 0.03, respectively; Fig. 2a). Total glycemia during 

Table 1   Obesity parameters evaluated in 12-month-old ob/ob (n = 8) 
and obTau (n = 8) mice

Data are means ± SEM (unpaired Student t test)

ob/ob obTau

Body weight (g) 68 ± 3 62 ± 2
Perigonadal fat pad (g%) 5.17 ± 0.38 5.44 ± 0.38
Retroperitoneal fat pad (g%) 2.55 ± 0.26 2.41 ± 0.12
Interscapular brown fat (g%) 0.17 ± 0.05 0.16 ± 0.04
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the ipGTT, expressed as the area under the curve (Fig. 2b), 
was 66% lower in obTau than registered for ob/ob mice 
(P < 0.005). In addition, obTau mice presented an enhanced 
decrease in glycemia after insulin administration, compared 
to ob/ob mice (Fig. 2e). Tau supplementation also reduced 
plasma TG concentrations in obTau mice (92 ± 5 mg/dL), 
compared with ob/ob mice (123 ± 11 mg/dL; P < 0.02). No 
differences in plasma total CHOL levels were observed 
between the groups (obTau 160 ± 7 and ob/ob 143 ± 9 mg/
dL).

Insulin secretion and cytoplasmic Ca2+ handling 
in isolated islets

Isolated pancreatic islets from ob/ob Tau-supplemented 
mice secreted less insulin in response to 11.1 and 22.2 mM 
glucose, compared with ob/ob islets (P < 0.01; Fig. 3a). 
No differences in insulin release, at 2.8 mM glucose, were 
observed between groups (Fig. 3a). In addition, the total islet 
insulin content was lower in obTau, compared with the ob/ob 
group (P < 0.05; Fig. 3b). Tau supplementation increased the 
expression of pyruvate carboxylase (PC) protein in obTau 

islets (Fig. 3d), compared to ob/ob group (P < 0.04), with-
out modifying the pyruvate dehydrogenase (PDH) protein 
content (Fig. 3e).

The cytoplasmic Ca2+ concentration increase, in response 
to 11.1 mM glucose, in isolated islets from ob/ob and obTau 
mice is shown in Fig. 4a, b, respectively. No alterations 
in the amplitude (Fig. 4c), number of Ca2+ oscillations 
(Fig. 4d), or total Ca2+ cytoplasmic concentrations (Fig. 4e) 
were observed between obTau and ob/ob islets, exposed to 
11.1 mM glucose.

AMPK phosphorylation in the gastrocnemius muscle 
and liver and hepatic protein content of enzymes 
involved in lipid metabolism

In obTau mice, the pAMPK/AMPK protein content in the 
gastrocnemius muscle was higher, whereas the total AMPK 
protein was reduced compared to ob/ob mice (P < 0.02 and 
P < 0.01, respectively; Fig. 5b, c). However, Tau supplemen-
tation did not alter the hepatic protein content of AMPK, 
pAMPK/AMPK (Fig. 5e, f). Furthermore, no differences in 
the hepatic protein content of pACC/ACC, ACC (involved 

Fig. 3   Tau decreases insulin 
secretion and islet insulin stor-
age, and enhances PC protein 
content. Mean ± SEM of static 
insulin secretion in response to 
increasing glucose concentra-
tions (a) and total islet insulin 
content (b) in isolated islets 
from 12-month-old female 
ob/ob (n = 16–20) and obTau 
(n = 15–21) mice. Groups of 
four islets of similar sizes were 
incubated for 1 h in the presence 
of different glucose concentra-
tions, as indicated in the figure. 
*obTau is different from ob/
ob group at the same glucose 
concentration evaluated (Mann–
Whitney U test, P < 0.05). 
GAPDH protein divided by the 
respective Ponceau staining 
in the lane (c), as GAPDH/
Ponceau protein content did not 
differ among obTau and ob/ob 
mice, GAPDH protein was used 
as internal control. Mean ± SEM 
of PC (d) and PDH (e) protein 
content in isolated islets from 
female ob/ob (n = 6) and obTau 
(n = 6) mice. *obTau is different 
from ob/ob mice (Mann–Whit-
ney U test, P < 0.05)
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in de novo lipogenesis), and CPT-1 (key protein in the fatty 
acid transport to the mitochondria for β-oxidation) were 
observed between obTau and ob/ob (Fig. 5g, i, respectively).

Discussion

Severe obesity predisposes to insulin resistance, which 
disrupts whole body metabolism and stimulates β-cells to 
secrete increased amounts of insulin to compensate hyper-
glycemia (Palmer et al. 2015; Wang et al. 2017). However, 
this hyperfunction may culminate in β-cell failure and the 
establishment of T2D (Wang et al. 2017). This hyperfunc-
tion aggravates in aging, since this condition itself is known 
to lead to a progressive decrease in endocrine pancreatic 
function and insulin action (Gong and Muzumdar 2012; 
Lopez-Otin et al. 2013). Therapeutic agents that prevent 
or treat obesity and insulin resistance need to show lower 
adverse effects but prolonged actions, making them an 
adequate strategy against the loss of cellular integrity that 
occurs with aging and contributes to the manifestation of 
metabolic comorbidities. Here, we show that treatment with 
Tau for 12 months improves glucose tolerance, insulin sen-
sitivity and daily oxidative metabolism, without alterations 

in adiposity, in ob/ob mice. No modifications in body weight 
and adiposity in obTau are in accordance with our previous 
report (Santos-Silva et al. 2015). Notably, while at 2 months 
of Tau supplementation a decreased adiposity in high-fat diet 
C57Bl/6 mice and in hypothalamic obese rats were reported 
(Batista et al. 2013; Bonfleur et al. 2015), at 12 months of 
Tau treatment, no preventive action of the amino acid on 
obesity was observed (Branco et al. 2015), indicating that 
the Tau effect against fat deposition may differ from species 
and prolongation of the supplementation period.

The improvement in glucose tolerance in obTau mice is 
associated with an amelioration of insulin sensitivity, and 
a reduction in insulin secretory response. The ameliora-
tion of insulin action and glucose tolerance is probably due 
to increase in the expression of pAMPK/AMPK protein 
in the skeletal muscle of these mice, since AMPK activa-
tion in muscle fibers increases glucose uptake (Bergeron 
et al. 1999). AMPK inhibits AS160, a GTPase-activating 
protein, via an insulin-independent mechanism, which in 
turn increases the activity of Rab, culminating in glucose 
transporter (GLUT)-4 vesicle movement and fusion with the 
plasma membrane (Treebak et al. 2006). The acute admin-
istration of AICAR (an AMPK activator) has been shown 
to promptly decrease blood glucose levels in ob/ob mice 
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Fig. 5   Tau supplementation increases AMPK activation only in the 
gastrocnemius muscle of 12-month-old ob/ob mice. GAPDH pro-
tein divided by the respective Ponceau staining in the lane in mus-
cle and liver (a and d respectively), as GAPDH/Ponceau protein 
content in the liver and muscle did not differ among obTau and ob/
ob mice, GAPDH protein was used as internal control. Mean ± SEM 

of pAMPK/AMPK and AMPK in gastrocnemius muscle (b and c, 
respectively) and in the liver (e and f, respectively); and pACC/ACC 
(g), ACC (h) and CPT1 (i) in the liver of 12-month-old female ob/ob 
(n = 4–7) and obTau (n = 4–7) mice. *obTau is different from ob/ob 
(Mann–Whitney U test, P < 0.05)
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(Halseth et al. 2002). In addition, an increased expression 
of GLUT-4 protein has been reported in the gastrocnemius 
muscle of ob/ob mice treated with AICAR for 8 days (Hal-
seth et al. 2002). Enhanced GLUT-4 skeletal muscle content 
was also demonstrated in l-arginine:glycine amidinotrans-
ferase (Murakami et al.) deficient ob/ob mice which, due to 
a deletion of AGAT, displayed intracellular energy deple-
tion, but enhancements in AMPK activation only in skeletal 
muscle (Stockebrand et al. 2013).

In addition to the actions of AMPK on glucose uptake 
and metabolism in the muscle, this kinase also increases 
fatty acid utilization, preventing TG deposition in tissue 
(Stockebrand et al. 2013; Zachariah Tom et al. 2014). In 
ob/ob mice, a muscle-specific mutation in the γ3 subunit 
of AMPK enhances its action, inhibiting acetyl-CoA car-
boxylase, which decreases TG accumulation but enhances 
palmitate oxidation in the gastrocnemius muscle (Zachariah 
Tom et al. 2014). This effect of AMPK in the muscle may 
contribute to the decrease in TG plasma levels in obTau 
mice, observed herein, since no modifications in hepatic 
AMPK, or in its target protein, ACC, protein content and 
activation were observed following Tau supplementation.

The inability of ob/ob mice to shift fuel oxidation, accord-
ing to physiological and nutritional conditions, is restored 
by Tau, as shown by the increased RER during the night 
period, which indicates an enhancement in the carbohydrate 
instead of fat oxidation. In mammals, body metabolism and 
energy expenditure display daily oscillatory rhythms, which 
are modulated by several factors, including hormones such 
as leptin (Alberts et al. 2006; Szewczyk-Golec et al. 2015). 
Thus, the absence of leptin in ob/ob mice alters daily regula-
tion of the metabolism. Consequently, the treatment of ob/ob 
mice with leptin decreases insulinemia and enhances glucose 
and lipid metabolism through the regulation of components 
that control the circadian clock in peripheral tissues (Ando 
et al. 2011). In line with this notion, we hypothesize that 
the lack of leptin, together with the severe insulin resist-
ance in 12-month-old ob/ob mice, disrupts the daily pattern 
of both the transport of carbohydrates and their utilization 
by these rodent tissues. Moreover, it has been reported that 
Tau supplementation attenuates the disruption of molecular 
clock in pancreatic β-cells induced by high-fat diet. In these 
rodents, Tau decreases insulin hypersecretion and increases 
plasma leptin concentrations, as well as, improves the glu-
cose tolerance and insulin peripheral actions (Figueroa et al. 
2016). Thus, it is possible that Tau regulates the expression 
of peripheral and central genes involved in the control of cir-
cadian rhythmicity of body metabolism, ameliorating insulin 
sensitivity and carbohydrate utilization during the daytime 
period in obTau mice.

Several studies have reported that Tau regulates glu-
cose metabolism (Batista et al. 2013; Nandhini et al. 2005; 
Ribeiro et al. 2012; Takahashi et al. 2016). Tau is known to 

increase glycolytic and tricarboxylic acid cycle enzymes in 
muscle and hepatocytes under normal and pre-diabetic con-
ditions (Nandhini et al. 2005; Takahashi et al. 2016). Here, 
we observed that Tau enhances the protein amount of PC, 
but not PDH, in ob/ob islets. PC is a mitochondrial enzyme 
that converts the carbons of glucose-derived pyruvate into 
oxaloacetate (Schuit et al. 1997), while PHD is responsi-
ble for converting pyruvate into acetyl-CoA (Sugden and 
Holness 2011). The role of these mitochondrial enzymes, 
especially PC, in pancreatic β-cell viability and proliferation, 
has been reported. In pancreatic islets from obese and insu-
lin resistant Zucker Fatty (ZF) rats, the expression of PC is 
increased, whereas the activity of PDH is reduced (Liu et al. 
2002). PC activity and protein content were down-regulated 
in diabetic db/db mice (Han and Liu 2010). In mild and 
severe hyperglycemic Agouti-K (AyK) mice, PC activity is 
enhanced and reduced, respectively (Han and Liu, 2010). 
Mild hyperglycemic AyK mice display pancreatic islet mor-
phology similar to controls, indicating that increased PC 
activity is linked to preservation of the endocrine pancreatic 
structure (Han and Liu 2010). In addition, INS-1 β-cells, 
incubated with phenylacetic acid, a PC inhibitor, presented 
decreased cellular viability and increased apoptosis (Lee 
et al. 2014). All these evidences indicate that reductions in 
PC expression and activity, in pancreatic islets, are asso-
ciated with the occurrence of T2D. Thus, we assume that 
the enhancement in PC protein amount in obTau islets may 
contribute to maintain β-cell viability, preventing the fail-
ure of these cells and their death. This effect, in association 
with reduced islet hyperfunction, due to the improved insu-
lin sensitivity in the tissues of obTau mice, may represent 
a long-term protective effect of Tau against disruptions in 
endocrine pancreatic function.

In summary, our study demonstrates that a prolonged 
period of Tau supplementation, in ob/ob mice, improves 
body metabolism and protects β-cells against islet hyper-
function. These effects indicate that this amino acid could 
represent a good therapeutic strategy against the develop-
ment of T2D in severe obesity and aging.
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