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Introduction  

Diabetes is classified into two main categories based 

on the clinical presentation and pathophysiology. 

Type 1 diabetes is characterized by autoimmune β 

cell destruction. Conversely, type 2 diabetes is 

caused by a relative insulin deficiency in the face of 

insulin resistance. Interestingly, recent evidence 

suggests that silent mating type information 

regulation 2 homolog1 (SIRT1) modulates immune 

homeostasis and protection against autoimmunity 

through inducing of forkhead box P3 (FOXP3) and 

thereby influences Treg cell development (van 

Loosdregt et al., 2011). SIRT1 functions as class III 

histone deacetylases, binding to NAD
+
 and 
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Abstract 

Introduction: Ursolic acid (UA) is a triterpenoid compound which widely found 

in the apple’s peel. It has wide health-promoting properties; as previous studies 

properly indicated to its abilities.  In this scenario our attention has been paid to 

the application of UA as an anti-diabetic compound. Based on our recent 

studies in relating to SIRT1 protein/gene and UA, the aim of this research was 

to evaluate UA effects on the SIRT1 expression in diabetic rat’s pancreas.  

 

Methods: In this study we used 20 male diabetic wistar rats. To develop diabetic 

rats, they received 30mg/kg of streptozotocin for 2 days sequentially. Then, they 

classified to 2 groups, the ones received UA + corn oil twice daily for two weeks 

and others (the control group) just received corn oil. 

 

Results: Our findings obviously showed that UA enhanced SIRT1 (4±0.2 folds) 

proteins levels in pancreas (P<0.001), in comparison with control rats. In addition, 

the findings showed that UA significantly decreased fasting blood glucose from 

416.17±12 mg/dl to 149.75±11 mg/dl. Moreover, we found that UA increased β-

cell numbers and islet Langerhans diameters (~2 folds). 

 

Conclusion: Our results provide valuable information not only into the 

mechanisms underlying β-cells protection but also into the regulation of SIRT1 

as a main target to attenuate β-cells damage. Therefore, UA is a promising 

pharmacological therapeutic target for β-cell regeneration through enhancing of 

SIRT1 over-expression. 
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acetyllysine within protein targets and generating 

lysine, 2'-O-acetyl-ADP-ribose, and nicotinamide as 

enzymatic products. SIRT1 regulates a wide variety 

of cellular functions such as metabolism related to 

glucose-lipid metabolism, mitochondrial biogenesis, 

inflammation, autophagy as well as circadian 

rhythms, and others including, stress resistance, 

apoptosis and chromatin silencing (Kitada et al., 

2013). Moreover, SIRT1 is an important regulator of 

energy metabolism down-regulates in several cells 

and tissues in insulin-resistant or glucose intolerance 

states (de Kreutzenberg et al., 2010; Fröjdö et al., 

2011). Therefore, under excess energy intake, 

decreased SIRT1 activity may contribute to the 

development of obesity-related conditions, including 

insulin resistance and type 2 diabetes (T2DM). 

Several studies have suggested that SIRT1 

participates in the regulation of insulin secretion from 

pancreatic β-cells. Additionally, Lee et al. 

demonstrated that SIRT1 protects β-cells against 

various toxic stresses, such as oxidative stress and 

cytokines by suppressing NF-κB signaling. In β-cell-

specific SIRT1 over-expression (BESTO) mice, 

increased SIRT1 levels in pancreatic β-cells improve 

glucose tolerance and enhance insulin secretion in 

response to glucose (Lee et al., 2009). It has been 

demonstrated the efficacy of the sirtuin-activating 

compounds such as SRT1720, SRT2379 and 

resveratrol against insulin resistance in high fat diet 

induced obese mice (Yoshizaki et al., 2009).  

With regarding to our previous studies about anti-

aging effects of ursolic acid (UA) (Bakhtiari et al., 

2015a; Bakhtiari et al., 2015b; Bakhtiari et al., 2016), 

as a new sirtuin activating compound (STAC) 

(Bakhtiari et al., 2018), a potent antihyperglycemic 

effect, increased insulin vesicle translocation, insulin 

secretion and augmented glycogen content (Castro et 

al., 2015) promoting us to design a new strategy in 

evaluating of molecular mechanisms of UA in 

pancreas protection. UA is a pentacyclic triterpenoid 

identified in the epicuticular waxes of apples 

exhibiting many pharmaceutical properties. Also, UA 

stimulates the glucose uptake through the 

involvement of the classical insulin signaling related 

to the GLUT4 translocation to the plasma 

membrane as well as the GLUT4 synthesis (Castro et 

al., 2015).  

In regard to SIRT1 participation in the control of 

glucose homeostasis, regulation of insulin secretion, 

β-cell protection and insulin sensitivity, the purpose of 

this project was to evaluate in how UA led to β-cell 

protection (Kitada and Koya, 2013). Therefore, early 

hypotheses proposed that UA could potentiate SIRT1 

up-regulation. In addition, we also evaluated the β-

cells morphological as like as the β-cells number and 

diameter. 

Materials and methods  

Materials 

UA was purchased from SIGMA (U6753) with high 

purity (≥90%). Antibodies specific for SIRT1 

(Ab110304) was provided from Abcam (USA). Goat-

anti mouse (ab6787) was purchased from Abcam 

(USA). Paraformaldehyde, Triton X-100, DAPI, Tris-

HCl and NaCl were purchased from Sigma Aldrich 

Company (USA) and all other chemicals were 

purchased from Merck Company. 

 

Animal study 

In this study, male Wistar rats with an average age of 

10 months were prepared from Iranian Institute 

Pasteur. Within 3 weeks of onset treatment, the rats 

housed in the colony cages with 12 hours light/dark 

cycles to adopt the new condition, and kept on 

standard chow (Harlan Teklad formula 7013). To 

generate diabetic rats, they were dipped with fatty 

foods for 2 weeks. Then administrated streptozotocin 

(STZ) at 30mg/kg for 2 days. In this regard, STZ was 

initially dissolved into sodium citrate buffer with 

pH=4.5. Blood glucose was then measured using a 

glucometer. It is worth noting that the condition for 

diabetic blood glucose is above 250mg/dl. UA was 

dissolved in corn oil (20mg/ml) and administrated 

200mg/kg intraperitoneal injection (IP) (Kunkel et al., 

2011). The rats were classified into 2 groups, one 

group was received UA + corn oil (treated group), 

another just obtained placebo (corn oil or un-treated 

group). UA was administrated twice daily for 14 days 

(Kunkel et al., 2011). Finally, for histochemical tests, 

the pancreas tissue was weighted and anaesthetized 

by an IP injection of ketamine/xylazine and then fixed 

with 4% paraformaldehyde and 2.5% glutaraldehyde. 

Moreover, all animal procedures were approved by 

the Institutional Animal Care and Committee of the 

Endocrinology and Metabolism Research Center, 

Kermanshah University of Medical Sciences. 

 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/antidiabetic-activity
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/antidiabetic-activity
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/insulin-release
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/insulin-release
https://en.wikipedia.org/wiki/Triterpene
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-membrane
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-membrane
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Western blotting analysis of pancreatic SIRT1 

protein level 

After sacrificing the rats, the pancreas samples were 

isolated and immediately stored at -80°C until further 

usage. The isolated tissues were homogenized (T25 

Basic tissue homogenizer, Kika Labortechnik, 

Staufen, Germany) and tissue proteins were 

extracted in the modified RIPA buffer (50mM Tris–

HCL, pH 7.4; 1% NP-40; 0.25% Na-deoxycholate; 

150mM NaCl; 1mM ethylenediaminetetraacetic acid) 

containing protease inhibitors (Sigma, USA). Protein 

concentration was determined by BCA (bicinchoninic 

acid) method. Approximately 150mg protein was 

extracted from each of UA-treated and control rats’ 

pancreas. Then, it was run on a 10% polyacrylamide 

gel, transferred to the PVDF membrane and blotted 

for SIRT1 detection using specific antibody 

(Ab110304). Next, the PVDF membrane washed with 

Tris buffered saline with Tween 20 (TBST buffer) 

three times, each time for 10 min. Then, the 

secondary antibody was added (ab6787) and 

incubated for 1h at 4°C. Next, the membrane was 

washed with TBST three times, each time for 10min. 

Finally, to detect protein bands, Amersham ECL kit 

(RPN2232) Prime Western Blotting Detection was 

used according to the manufacturer’s instructions and 

the detection performed by a CCD camera 

(ORCAR2C10600-10B). Finally, the obtained images 

were analyzed using TotalLab software. 

 

Hematoxylin & eosine (H&E) staining for 

evaluation of pancreas B-cells 

 

Tissue samples were impregnated with 30% sucrose 

and stored at 4°C for H&E and IHC tests. Then, they 

were fixed with OCT compound (Tissue-Tek). Serial 

cross-sections (8μm thicknesses) were performed 

using a cryostat microtome at -25°C, mounted onto 

the glass slides and then stained for cytoplasm and 

nucleus detection. In this method, prior to staining, 

slides must be blocked at room temperature for 

10min. Subsequently, the cytoplasmic staining 

performed by hematoxyline for 5min, washed with 

PBS and water, the nuclei staining carried out by 

eosin for 5min and washed with PBS and water, 

dehydrated by descending alcohol, then mounted 

onto glass slides and they were visualized using a 

bright-field microscope. 

  

Statistical analyses 

All data were analyzed using SPSS Statistics 23 

(SPSS, Inc., Chicago, IL, USA). The results of the 

Student’s t-test (unpaired) indicated statistically 

significant differences in each assay between two 

groups. Data are expressed as mean±SEM. 

Statistical significance was defined as P≤0.05. 

Results 

UA increased SIRT1 protein level in pancreas of 

diabetic rats  

In previous study (Kitada and Koya, 2013), it has 

been reported that SIRT1 exert antidiabetic effects 

via the modulation of insulin secretion. Therefore, we 

decided to evaluate SIRT1 protein level in case of 

treated with UA. It was found that SIRT1 was highly 

expressed (P<0.001) in UA treated rat in comparison 

to control (Figs. 1 A and B). In addition, our results 

indicated that UA significantly (P<0.001) decreased 

fasting blood glucose from 416.17±12 mg/dl to 

149.75±11 mg/dl (Fig. 1 C). 

 

UA affects β-cells number and diameter in 

diabetic rats 

Previously, it has been reported that mice over-

expression of SIRT1 in pancreatic β-cells positively 

regulates insulin secretion and protects cells from 

oxidative stress and inflammation (Kitada and Koya, 

2013). Hence, to elucidate the possibility effects UA 

on the morphological pancreatic β-cells, the rats 

treated with UA. As shown in Figures 2A-E, the 

findings illustrated that UA appreciably enhanced β-

cells number and islet Langerhans diameter (~ 2 

folds, P≤0.01). 

Discussion 

Ursolic acid, an ursane pentacyclic triterpene has 

been described to influence carbohydrate metabolism 

(Jang et al., 2009; Wang et al., 2010). Recently, we 

initiate the anti-aging effects of ursolic acid (Bakhtiari 

et al., 2015a; Bakhtiari et al., 2016) and clearly 

showed that UA acts as a powerful STAC (Bakhtiari 

et al., 2018). With regarding to STACs protect B-cells 

and insulin sensitivity (Yoshizaki et al., 2009), this 

study was designed to indicate that UA can affects 

pancreatic β-cells SIRT1 protein level. Hence, our 

results clearly validated that UA enhanced SIRT1 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/carbohydrate-metabolism
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protein level in β-cells of diabetic rat (Figs. 1A and B). 

Sirtuin 1 (SIRT1) participates in the regulation of 

metabolism, including glucose/lipid metabolism, 

mitochondrial biogenesis, autophagy, inflammation, 

pancreatic β-cells protection (Bordone et al., 2015), 

improving insulin resistance (Lee et al., 2009) and 

circadian rhythms as well as other cellular functions, 

such as stress responses and apoptosis. SIRT1 also 

promote chromatin silencing. Many target proteins, 

such as transcription factors, transcriptional 

coregulatory proteins and several histones serve as 

the substrates for SIRT1.   

Fig.1. Ursolic acid increases SIRT1 protein level in treated diabetic rats. The rats were treated with 200mg/kg of UA which 

dissolved in corn oil (20mg/ml). UA was administrated twice daily for 7 days as IP into the rat. P-values were determined by 

unpaired t-test. Data has been presented as mean±SEM (
**
P<0.01, 

***
P<0.001); (A and B) 100mg from each tissue was 

isolated, lysed by RIPA buffer, and subjected to SDS-PAGE and immunoblot analysis performed by anti-SIRT1 and antib-

actin antibodies; (upper) representative immunoblots, (lower) SIRT1 and B) b-actin levels were quantified by densitometry 

using Total Lab Software. In each sample, the SIRT1/actin was normalized to the average SIRT1/actin. C) Fasting blood 

glucose was determined by glucometer in un-treated diabetic rats which just received corn oil and treated diabetic rats 

which administrated UA + Corn oil. 

A 

B 

C 

*** 
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Fig.2. Ursolic acid increases the β-cells and diameter in treated diabetic rats. A) pancreatic of diabetic rats, a) acini 

pancreas, b) the β-cells, c) islet Langerhans’s, d) vascular pancreas, e) secretory ducts. Magnification is ×400. B) 

pancreatic of diabetic rats, a) atrophic pancreatic islets, b) decreased pancreatic islet cells, c) pancreatic acini. Magnification 

is ×400. C) treatment of diabetic rat’s wit UA, a) islet Langerhans’s, b) islet Langerhans’s cells, c) pancreatic secretory acini, 

d) B-cell islet Langerhans’s. Magnification is ×400. D)  treatment of diabetic rat’s with UA, a) pancreatic secretory ducts, b) 

secretory acini, c) pancreatic islet, d) β-cells islet Langerhans’s. Magnification is ×400. E) β-cells number (percent) and islet 

Langerhans diameter (percent). 

A B 

C D 
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Several studies have suggested that SIRT1 

participates in the regulation of insulin secretion from 

pancreatic β-cells. The SIRT1 over-expression in β-

cells enhances adenosine triphosphate (ATP) 

production by repressing uncoupling protein (UCP)-2. 

This process mediates the uncoupling of ATP 

synthesis from glucose and elevated ATP levels lead 

to cell membrane depolarization and Ca2+-

dependent insulin exocytosis. β-cells in SIRT1-

deficient mice, however, produce less ATP in 

response to glucose than do normal mice. By 

deacetylating FOXO1, SIRT1 also promotes the 

activation and transcription of NeuroD and MafA, 

preserving insulin production and promoting β-cell 

survival in vivo (Bordone et al., 2015). Additionally, 

Lee et al. (2009) demonstrated that SIRT1 protects β-

cells against various toxic stresses, such as oxidative 

stress and cytokines, by suppressing NF-κB 

signaling. In BESTO mice, increased SIRT1 levels in 

pancreatic β-cells improve glucose tolerance and 

enhance insulin secretion in response to glucose 

(Moynihan et al., 2005). These findings indicate that 

SIRT1 modulates glucose-sensing ATP production 

and insulin secretion from β-cells through UCP-2, 

FOXO1, and NAD+ metabolism, resulting in 

protective effects against various toxic stresses 

through NF-κB pathway activation. 

Of interest, to support the demonstrated data, in the 

line of previous study which reported that UA acts by 

increasing the insulin secretion stored at vesicles and 

induces translocation of granules pointing to an 

immediate effect of the triterpene on the first phase of 

insulin secretion (Castro et al., 2015). 

The results presented herein imply UA as a regulator 

of SIRT1 protein level which can control insulin 

secretion and anti-diabetic agent; however, the 

morphological effects remain to be completely 

elucidates. Accordingly, the β-cells of pancreatic 

diabetic rat after and before the UA treatment were 

illustrated, as shown in Figures 2A-D. Altogether, our 

data showed that UA enhanced the β-cells number as 

well as the diameter.  

Conclusion 

Taken together, these findings indicate that in β-cells, 

the deacetylase SIRT1 regulates the expression of 

specific mitochondria-related genes that control 

metabolic coupling and that a decrease in β-cells 

SIRT1 expression impairs glucose sensing and 

insulin secretion. 
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