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ABSTRACT 

Comparison between effects of pitavastatin and rosuvastatin on 

peripheral insulin resistance in vivo and in vitro 

 

Eun Yeong Choe 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Eun Seok Kang) 

 

Background: It is well known that statin therapy can induce new onset 

diabetes. Unlike other statins, pitavastatin is reported to protect against 

diabetes development, although the precise mechanism is unknown.  

Objective and Methods: To investigate the effect of pitavastatin 

compared with rosuvastatin on glucose metabolism in vivo and in vitro. 

The cultured cells and mice were divided into three treatment groups: 

control, pitavastatin, and rosuvastatin. Eight-week-old male C57BL/6J 

mice were fed high fat diet (HFD, 45% lipids) with 0.01% placebo, 

rosuvastatin or pitavastatin for 12 weeks. Body weight, food intake, 

fasting blood glucose, insulin, and adiponectin levels were measured. 

Glucose tolerance test and insulin tolerance test were performed. 

Cultured HepG2, C2C12, 3T3-L1 cells and visceral adipocytes from 

HFD-fed mice were treated with vehicle or 10 µM statin for 24 h. We 

analyzed effect of pitavastatin on intracellular insulin signaling in 

hepatocytes, myocytes, and adipocytes.  

Results: After 12 weeks, the body weight gain in the pitavastatin and the 

rosuvastatin groups was similar (11.1 ± 3.1 g vs. 11.9 ± 4.0 g, p=0.988). 

Fasting blood glucose was significantly lower in the pitavastatin group 

than in the rosuvastatin group (102.6 ± 7.7 mg/dL vs. 143.0 ± 22.2 mg/dL, 
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p=0.019). Glucose tolerance was significantly improved in the 

pitavastatin group, whereas it worsened in the rosuvastatin group 

compared with control (p=0.016). Both statins improved insulin tolerance 

compared with control (p=0.015). However, plasma adiponectin and 

insulin levels were not different between the two treatment groups. 

Homeostatic model assessment of B-cell function was significantly 

improved in the pitavastatin group compared with the control and 

rosuvastatin groups (p=0.005). Pitavastatin caused a weaker attenuation 

of insulin-induced Akt phosphorylation in myocytes and adipocytes than 

rosuvastatin. There was no significant difference in insulin-induced Akt 

phosphorylation in hepatocytes in both groups. 

Conclusion: Pitavastatin showed a lower diabetogenic effect than 

rosuvastatin in mice. This effect may be mediated by lower attenuation of 

insulin signaling in myocytes and adipocytes.  

 

 

 

 

 

 

 

 

 

 

------------------------------------------------------------------------------------------------ 

Key words: pitavastatin, rosuvastatin, glucose metabolism, diabetes mellitus, 

new onset diabetes, insulin resistance 
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I. INTRODUCTION 

Statins, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase 

inhibitors, were proven to be effective against cardiovascular disease and are 

now widely used
1-4

. However, several studies have shown that statin can 

increase the risk of new onset diabetes mellitus (NOD) 
5-7

. Although, an 

association between statin use and the risk of NOD has been reported, the 

precise mechanism is not well known. Several possible mechanisms have been 

hypothesized, including the effect of statins on the survival of pancreatic beta 

cells, a reduction in insulin secretion, the enhancement of hepatic glucose 

production, increased insulin resistance through the disruption of intracellular 

insulin signaling; causing muscle inflammation, or the disturbance of glucose 

uptake in peripheral tissues such as muscle and fat 
8-12

. However, it has not 

been determined whether this effect is universal to all statins. Compared with 

other statins, pitavastatin has neutral effects on serum glucose and the risk of 

NOD
7,13

. In a clinical study of patients with diabetes or dyslipidemia, 

pitavastatin treated subjects had lower serum glucose levels and improved 

glycated albumin and hemoglobin levels compared with the control group
14

. 
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In addition, pitavastatin reduced the incidence of diabetes onset in high risk 

patients compared with that of the control subjects who underwent life style 

modification only
15

. In contrast to other statins, pitavastatin does not appear to 

increase glucose or glycated hemoglobin
13,16,17

. Furthermore, a meta-analysis 

showed that pitavastatin was not associated with an increased risk of NOD
18

. 

Therefore, pitavastatin seems to have protective effects on NOD
19

.  

There are several theories on how pitavastatin exerts these effects. In 

particular, its pharmacological profile and effect on adiponectin were 

considered to be related to its influence on glucose metabolism. Pitavastatin is 

hydrophilic and has a lower affinity to hepatic LDL receptors than other 

statins
20

. Consequently, pitavastatin has a lower hepatic adsorption rate and 

increased systemic bioavailability (≥ 51%)
19

. Lipophilic statins are 

extensively metabolized by cytochrome P450 (CYP) enzymes, whereas 

pitavastatin is mainly excreted in an unchanged form
20

. Pitavastatin, slightly 

metabolized by CYP2C9 and CYP2C8, is mainly excreted in bile and 

subjected to entero-hepatic circulation
21

. The unique pharmacokinetic profile 

of pitavastatin may result in considerable systemic exposure, influencing 

peripheral cells, such as muscle and adipose tissue. Pitavastatin is also known 

to associate with adiponectin. Adiponectin, a protein produced by adipocytes, 

has pleiotropic properties, including anti-atherosclerotic, anti-inflammatory 

and anti-diabetogenic effects on liver, skeletal muscle, adipose tissue, and 

pancreatic beta cells
22-24

. Initially, adiponectin is synthesized as a 32 kDa 

monomer, and subsequently assembled into high-molecular-weight (HMW) 

multimers (12–18 monomers, >300 kDa), which are potent insulin 

sensitizers
25,26

. Clinical data have shown that pitavastatin increase plasma 

adiponectin and HMW adiponectin levels
27-30

, which could explain the effect 

of pitavastatin on glucose metabolism. 

Although the clinical differences of pitavastatin to other statins have been 

shown, it is not known how pitavastatin influences glucose metabolism and 
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whether this effect was associated with adiponectin. Therefore, to investigate 

the effect of pitavastatin on glucose metabolism, including insulin sensitivity, 

glucose tolerance, intracellular insulin signaling, and adiponectin levels were 

measured in diet-induced obese mice and several cultured cell lines, and these 

measurements were compared with those of another statin, rosuvastatin. 

 

II. MATERIALS AND METHODS 

Animals 

Six-week-old male C57BL/6J mice were housed under standard conditions 

(21 ± 2°C, 60 ± 10% humidity, 12 hr light/12 hr dark cycle) with ad libitum 

access to food and water. The mice were fed high fat diet (HFD, including 

45% fat, n=5), HFD with rosuvastatin (0.01%, n=10) or HFD with pitavastatin 

(0.01%, n=10) for 12 weeks beginning from 8 weeks of age. Food intake, 

fasting blood glucose and body weight of mice were measured twice per week, 

in the evening, after an 8 hr fast. After 12 weeks, the mice were euthanized 

under anesthesia with zolazepam and tiletamine (Zoletil
®
, 50 mg/kg: Virbac 

France GTIN: 03597132126045). The blood samples were collected by cardiac 

puncture. The liver and fat were isolated from each mouse and weighed. All 

animal procedures were performed in accordance with the guidelines from the 

National Institutes of Health and pre-approved by the animal care and use 

committee at the Yonsei University, College of Medicine (2014-0304)  

 

Oral glucose tolerance test (OGTT) 

The OGTT was performed after the mice had received the test diet for 11 

weeks at 19 weeks old. After 8 hr fasting, the baseline blood glucose was 

measured by tail vein puncture. A solution of 40% glucose (2 g/kg body 

weight) was administered by oral gavage. After glucose administration, blood 

was collected from the tail vein at 30, 60, 90 and 120 min. Blood glucose 

levels were measured by using an Accu-Check Perfoma glucometer 
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(Boehringer-Mannheim, Indianapolis, IN, USA). The area under the curve 

(AUC) of glycemia after a glucose load was calculated using GraphPad Prism 

version 5.03 (GraphPad Software Inc., San Diego, CA, USA) and represents 

glucose intolerance. 

 

Insulin tolerance test 

We performed the insulin tolerance test on 19-week-old mice. The mice were 

deprived of food for 8 hr, under non-anesthetized conditions. Insulin-R (I9278, 

Sigma-Aldrich, St. Louis, MO, USA) was injected intraperitoneally (0.75 U/kg 

body weight) and blood from the tail vein was collected at 15 and 30 min after 

the insulin injection. Glucose levels were obtained by using an Accu-Check 

Perfoma glucometer.  

 

Plasma adiponectin and HMW adiponectin 

The blood samples were collected in micro-centrifuge tubes and centrifuged 

to obtain serum. Serum adiponectin and HMW adiponectin were measured by 

using mouse enzyme-linked immunosorbent assay (ELISA) kits 

(47-ADPMS-D01, ALPCO., Salem, NH, USA) in accordance with the 

manufacturer’s instructions.  

 

Plasma fasting insulin, homeostatic model assessment-insulin resistance 

(HOMA-IR) and HOMA-B-cell function (HOMA-B) 

Using the aforementioned blood samples, the plasma insulin was quantified by 

ELISA, according to the manufacturer’s recommendations (EZRMI-13K, EMD 

Millipore Corporation, St. Charles, MO, USA). HOMA- IR and HOMA-B were 

estimated from fasting glucose and insulin using the following two equations
31

. 

HOMA-IR = fasting insulin (µU/mL) × fasting glucose (mg/dL) / 405; 

HOMA-B = [20 × fasting insulin (µU/mL)]/ [fasting glucose (mg/dL) / 18-3.5]. 

Insulin resistance was defined as HOMA-IR ≥2.5
31. 
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Cell culture and drug treatment 

The hepatocellular carcinoma cell line, HepG2, was cultured in Dulbecco’s 

modified Eagle’s medium (DMEM, SH30243.01, Thermo Scientific, MA, 

USA.) containing 10% fetal bovine serum (FBS, SH30071.03, Thermo 

Scientific, Waltham, MA, USA), 100U/mL penicillin, and 100 mg/mL 

streptomycin (SV30010, Thermo Scientific, Waltham, MA, USA) in a 5% CO2 

incubator at 37°C. Immortalized mouse myoblast cells, C2C12, were grown in 

Eagle’s minimum essential medium supplemented with 2 mM L-glutamine and 

10% dialyzed FBS and antibiotics in a 5% CO2 incubator at 37°C 
32

. 3T3-L1 

cells and primary adipocytes from HFD fed mice were maintained in the 

preadipose condition using preadipocyte medium, which consists of DMEM 

with 10% calf serum (SH16170-078, Thermo Scientific, Waltham, MA, USA) 

and 1% antibiotics (penicillin and streptomycin). To initiate adipocyte 

differentiation, 3T3-L1 cells were treated with differentiation medium, DMEM 

with 10% FBS and 1% antibiotics, containing 125 μM indomethacin, 1 μM 

dexamethasone, and 5 μg/mL insulin for 48 hr. Then, the differentiation 

medium was replaced with adipocyte medium (i.e., preadipocyte medium 

supplemented with 5 μg/mL insulin)
33

. Rosuvastatin (SML1264, Sigma-Aldrich, 

St. Louis, MO, USA), and pitavastatin (CAS 147526-32-7, Santa Cruz 

Biotechnology, Santa Cruz, CA, USA) were dissolved in dimethyl sulfoxide 

before dilution in the culture medium. In all experiments, the final statin and 

dimethyl sulfoxide concentrations were 10 μM, and 0.1%, respectively. 

Chloroquine (C6628, Sigma-Aldrich, St. Louis, MO, USA) and bafilomycin A1 

(B1793, Sigma-Aldrich, St. Louis, MO, USA) were dissolved in distilled water 

and used at the final concentrations of 50 µM and 20 nM, respectively. 

 

Western blotting of Akt and Akt phosphorylation 

Primary adipocytes of mouse visceral adipose tissue, 3T3-L1, HepG2, or 

C2C12 cells were pretreated with 10 μM pitavastatin or rosuvastatin for 24 hr,  



8 

 

serum-starved for 4 hr with or without statins and stimulated with 100 nM 

insulin for 5 to 15 min. Cellular protein fraction was obtained from each 

treatment group. The cells were lysed in buffer [50 mM Tris-HCl, pH 8.0, 5 mM 

EDTA, 150 mM NaCl, 0.5% sodium deoxycholate (D6750, Sigma-Aldrich, St. 

Louis, MO, USA), 1% Nonidet P-40 (74385, Sigma-Aldrich, St. Louis, MO, 

USA), 0.1% sodium dodecyl sulfate (SDS, L3771, Sigma-Aldrich, St. Louis, 

MO, USA), 1 mM phenylmethylsulfonyl fluoride, 1 mM sodium fluoride, 1 

mM sodium orthovanadate, and protease inhibitor cocktail (11 836 153 001, 

Roche, Indianapolis, IN, USA)] and equal amounts of protein (30 to 100 μg, 

depending on the sample) were electrophoresed on SDS-polyacrylamide gels 

and transferred to polyvinylidene fluoride membranes (IPVH00010, Millipore, 

Billerica, MA, USA). After blocking, the membranes were incubated with 

anti-Akt (#9272, Cell Signaling Technology, Danvers, MA, USA), or 

anti-phospho-Akt (S308, S473; #9275, #9271, Cell Signaling Technology, 

Danvers, MA, USA) antibody, followed by horseradish peroxidase-conjugated 

IgG (sc-2371, Santa Cruz Biotechnology, Santa Cruz, CA, USA) and anti-rabbit 

IgG (sc-2030, Santa Cruz Biotechnology, Santa Cruz, CA, USA). The blots 

were developed by using an enhanced chemiluminescence detection kit. Equal 

loading was verified by reprobing the blot with anti-β-actin antibody. 

 

Statistical analysis 

All data are presented as the mean ± standard deviation (SD). Statistical 

analyses consisted of t-tests, analysis of variance (ANOVA), or repeated 

measures ANOVA with Bonferroni's correction for multiple comparisons as 

appropriate. A p value below 0.05 was considered significant. Analysis was 

performed using Graph Pad Prism version 5.03 (GraphPad Software Inc., San 

Diego, CA, USA) and SPSS Statistics version 22.0 (IBM Co., Somers, NY, 

USA). 
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III. RESULTS 

Biochemical characteristics of mice  

The characteristics of the mice according to group are described in Table 1. 

The baseline body weight was lowest in the rosuvastatin group and the 

baseline fasting blood glucose was lowest in the pitavastatin group. The 

changes in body weight and food intake over the 12-week study, as well as the 

fasting blood glucose levels at the end of study are shown in Figure 1. The 

pitavastatin group had a lower body weight gain than control group, but the 

difference was not significant (Figure 1A). In addition, no difference in body 

weight gain was observed between the pitavastatin and rosuvastatin groups, 

and there was no statistical difference in food intake among all three groups 

(Figure 1B). However, fasting blood glucose was significantly lower in the 

pitavastatin group compared with the control and rosuvastatin groups after 

12-week treatment (102.6 ± 7.7 mg/dL in pitavastatin vs. 143.0 ± 22.2 mg/dL 

in rosuvastatin, and 120.0 ± 24.2 mg/dL in control, p=0.019) (Figure 1C). 

Mean liver weight was higher in the control group compared with both the 

rosuvastatin and pitavastatin groups, although there was no statistical 

difference (1.4 ± 0.3 g in control, 1.3 ± 0.3 g in rosuvastatin, 1.2 ± 0.2 g in 

pitavastatin, p=0.433). The fat mass in each group was not significantly 

different among the three groups (2.0 ± 0.5 g in control, 1.8 ± 0.8 g in 

rosuvastatin, 1.7 ± 0.5 g in pitavastatin, p=0.670).  

 

Effect of pitavastatin and rosuvastatin on glucose tolerance  

The results of the OGTT were significantly different among the three groups 

(p=0.009). Glucose tolerance was worse in the rosuvastatin group compared 

with the control group (Figure 2A). The pitavastatin group showed a 

significant improvement in glucose tolerance compared with the control 

(p=0.045) and rosuvastatin groups  
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Table 1. Characteristics of mice fed HFD, HFD with rosuvastatin, and HFD 

with pitavastatin 

 HFD 
HFD + 

Rosuvastatin 

HFD + 

Pitavastatin 
p 

Baseline (8 weeks)    

Body weight 25.7±1.8 23.4±1.4* 24.2±1.7 0.028 

Fasting blood 

glucose (mg/dL) 

122.7±9.3 120.8±6.8 109.4±3.8* <0.001 

 

At end of treatment (20 weeks) 

Body weight (g) 39.2±6.5 34.8±4.6 34.2±3.0 0.110 

Weight gain (g) 13.4±5.1 11.4±4.3 10.0±3.6 0.323 

Liver (g) 1.4±0.3 1.3±0.3 1.2±0.2 0.433 

Fat (g) 2.0±0.5 1.7 ±0.8 1.7±0.5 0.670 

Data are expressed as the mean ± SD of 10 animals, and compared by one-way 

ANOVA, Bonferroni post-test. * p<0.05 vs HFD group. HFD; high fat diet. 
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Figure 1. Change in body weight, food intake, and fasting glucose. (A) 

Body weight over 12 weeks, (B) Food intake over 12weeks and (C) Fasting 

glucose at 12weeks. * p < 0.05 vs HFD group. P values were generated by 

ANOVA. HFD; high fat diet, Rosuva: rosuvastatin, Pitava; piavastatin. 
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(p=0.016). The AUC of OGTT was lower in the pitavastatin group than in the 

HFD and rosuvastatin groups, but there was no statistically significant 

difference (Figure 2B, p=0.080). 

 

Effect of pitavastatin and rosuvastatin on insulin tolerance 

Insulin tolerance was significantly different among the three groups (Figure 

2C, p=0.015). In both of the pitavastatin and rosuvastatin groups, insulin 

tolerance was improved compared with the control group after insulin 

administration (p=0.006 for pitavastatin, p=0.030 for rosuvastatin). However, 

there was no significant difference in insulin tolerance between the pitavastatin 

and rosuvastatin groups (p = 0.592). There was a significant difference among 

the three groups in the change in glucose from baseline (p=0.028) and marked 

reductions at 15 min and 30 min in the pitavastatin group (Figure 2D, all 

p<0.001). However, at these time points, there was no significant difference in 

the HFD (p=0.094 at 5 min, p=0.056 at 30 min) and rosuvastatin (p=0.088 at 5 

min, p=0.140 at 30 min) groups.  

 

 Effect of pitavastatin and rosuvastatin on plasma adiponectin and HMW 

adiponectin levels 

The plasma adiponectin level was increased in the pitavastatin group 

compared with the control and rosuvastatin groups, although there was no  

significant difference (21,779.9 ± 3,317.5 ng/mL in pitavastatin, 17,409.2 ± 

3,453.3 ng/dL in HFD, 20,139.6 ± 2,070.8 ng/dL in rosuvastatin, p=0.145) 

(Figure 3A). The pitavastatin group tended to have lower HMW adiponectin 

levels than the control or rosuvastatin groups (Figure 3B). However, there was 

no significant difference among the three groups (p = 0.653). The ratio of total 

adiponectin and HMW adiponectin was not different among the three groups 

(Figure 3C). 
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Figure 2. Systemic glucose metabolism evaluated with oral glucose 

tolerance test and insulin tolerance test (A) Oral glucose tolerance test (B) 

Area under the curve of glucose tolerance test (C) Insulin tolerance test (D) 

Glucose change from baseline **p<0.01 ***p<0.001 vs corresponding HFD 

value. P values were generated by ANOVA. HFD; high-fat diet, OGTT; oral 

glucose tolerance test, AUC; area under the curve, Rosuva; rosuvastatin; 

Pitava; pitavastatin 
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Figure 3. Plasma adiponectin and high molecular weight (HMW) 

adiponectin level according to treatment groups. (A) Total adiponectin, (B) 

HMW adiponectin, (C) Ratio of HMW to total adiponectin. P values were 

generated by ANOVA. HFD; high-fat diet, Rosuva; rosuvastatin, Pitava; 

pitavastatin. 
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Effect of pitavastatin and rosuvastatin on plasma insulin, and insulin 

resistance 

The plasma insulin concentration was 11.2, 9.2, and 8.8 μU/mL in the 

control, rosuvastatin, and pitavastatin groups, respectively (Figure 4A). There 

was no significant difference among the groups, although the plasma insulin 

level tended to be lower in the pitavastatin group than in the others (p=0.138). 

Insulin resistance, as represented by HOMA-IR, was not significantly 

different among the three groups (Figure 4B, p=0.077), although it was 

significantly improved in the pitavastatin group than the control group 

(p<0.001). In both the control and rosuvastatin groups, HOMA-IR was over 

2.5, indicating insulin resistance. In contrast, the HOMA-IR of the 

pitavastatin group was 2.5 or less. HOMA-B was significantly improved in 

the pitavastatin group compared with the control and rosuvastatin groups 

(Figure 4C, p=0.005). 

 

Effect of pitavastatin and rosuvastatin on insulin signaling in hepatocytes  

To analyze the effect of pitavastatin on insulin response in the liver, we 

evaluated Akt phosphorylation in HepG2 cells. Akt phosphorylation on serine 

473 after pitavastatin or rosuvastatin pretreatment was not significantly 

different after 5 min of insulin stimulation compared with the control group 

(Figure 5A, p =0.069 for pitavastatin and p= 0.902 for rosuvastatin). There 

was also no difference in the magnitude of Akt phosphorylation between the 

pitavastatin and rosuvastatin groups (p=0.165). After 15 min of insulin 

stimulation, phosphorylation of Akt on serine 473 was attenuated in the 

pitavastatin group, but not the rosuvastatin group, compared to the control 

group (p=0.009 and p=0.068, respectively). Akt phosphorylation on threonine 

308 in HepG2 cells was not significantly different among the three groups 

(Figure 5A, p=0.091 in 5min, p=0.459 in 15 min).   
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Figure 4. Plasma insulin levels, HOMA-IR, and HOMA-B according to 

treatment groups. (A) Insulin, (B) HOMA-IR, (C) HOMA-B, *p<0.05 

**p<0.01. P values were generated by ANOVA. HFD; high-fat diet, Rosuva; 

rosuvastatin, Pitava; pitavastatin, HOMA-IR; homeostatic model assessment, 

insulin resistance, HOMA-B; homeostatic model assessment B-cell function. 
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Effect of pitavastatin and rosuvastatin on insulin signaling in myocytes 

Intracellular insulin signaling in muscle was analyzed using myoblast C2C12 

cells (Figure 5B). Five minutes after insulin stimulation, Akt phosphorylation 

on serine 473 was significantly reduced in the pitavastatin group (p=0.001) and 

threonine 308 activation was similar in all three groups (p=0.058). Fifteen 

minutes after insulin administration, Akt activation on threonine 308 was 

significantly attenuated in the rosuvastatin group compared with the control 

group (p=0.012) and the pitavastatin group (p=0.018). Serine 473 

phosphorylation was not significantly different among the three groups at 15 

min (p=0.146). 

   

Effect of pitavastatin and rosuvastatin on insulin signaling in 3T3L1 

adipocytes  

To confirm the role of pitavastatin on peripheral adipocytes, intracellular 

insulin signaling was analyzed in 3T3L1 adipocytes (after differentiation). After 

5 min of insulin stimulation, Akt phosphorylation on serine 473 and threonine 

308 was attenuated in the rosuvastatin-treated cells compared with the control 

cells (Figure 5C, p=0.015 for serine 473, p=0.007 for threonine 308). In 

addition, threonine 308 phosphorylation in the presence of rosuvastatin was 

significantly reduced compared with that in the presence of pitavastatin 

(p=0.041). Akt phosphorylation in the pitavastatin group was not significantly 

different compared with the control group (Figure 5C, p=0.126 for serine 473, 

p=0.059 for threonine 308). After 15 min of insulin stimulation, Akt 

phosphorylation on serine 473 was significantly attenuated in the pitavastatin 

group compared to the control group (p=0.042) and the rosuvastatin group 

(p=0.018). The phosphorylation of threonine 308 was not significantly different 

among the three groups after 15 min (p=0.492). 
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Figure 5. Statins differentially alters insulin-induced phosphorylation of 

Akt in cultured cells. Cells were treated with 10 μM of statins for 24h, 

followed by insulin stimulation for 5 to 15 min. (A) HepG2 cells, (B) C2C12 

cells, (C) 3T3L1 cells, (D) High fat diet-fed mouse visceral adipocytes. 

Representative western blots are shown above the plots of densitometric 

analysis of the pAkt/Akt ratio (means ± SE, n=5). *p<0.05, **p<0.01 vs 

control. Con, control; Pit, pitavastatin; Ros, rosuvastatin; Ins, insulin. 
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Effect of pitavastatin and rosuvastatin on insulin signaling in mouse 

adipocytes  

In addition, the above experiments were conducted in an ex vivo experiment 

with primary mouse adipocytes from the visceral fat tissue of HFD-fed-mice 

(Figure 5D). The phosphorylation of Akt on serine 473 was significantly 

different at 5 min and 15 min after insulin stimulation (p=0.003 at 5 min and 

p=0.006 at 15 min). This was also significantly augmented in the pitavastatin- 

and rosuvastatin-treated fat cells compared with the control (p=0.004 for 

pitavastatin, p=0.011 for rosuvastatin). However, there was no significant 

difference in Akt phosphorylation on serine 473 between the pitavastatin and 

rosuvastatin groups (p=0.172 at 5 min, p=0.173 at 15min). Akt phosphorylation 

of on threonine 308 after 5 min was not significantly different among the three 

groups (p=0.065). Fifteen minutes after of insulin administration, Akt 

phosphorylation on threonine 308 was significantly attenuated in the 

rosuvastatin group compared with the pitavastatin group (p=0.024).  

 

IV. DISCUSSION 

Concerns have been raised that the use of statins may increase the risk of NOD 

in patients a high risk of developing diabetes. As the efficacy of statins for the 

prevention of cardiovascular disease is thought to outweigh the risk of 

developing diabetes, statins are frequently prescribed
1,7

. However, the safety of 

chronic statin exposure is uncertain. Hyperglycemia itself causes vascular 

complications and increases co-morbidities
34-37

. Therefore, if certain drugs 

present a lower risk of NOD, this would be a preferred option for the treatment 

of dyslipidemia in patients. In this study, to investigate the different effects of 

pitavastatin on glucose metabolism in HFD-fed obese mice and several cell 

lines compared with those of the widely used drug, rosuvastatin. 

The effect of pitavastatin on insulin sensitivity was not different to that of 

rosuvastatin, but the glucose clearance was better. This phenomenon might be 
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attributable to the pharmacologically different mechanism of pitavastatin. 

Because pitavastatin has a low affinity for the LDL receptor on hepatocytes, 

only a small portion of the drug is taken up by the liver, unlike other statins. 

Therefore, the effect of pitavastatin on the liver is believed to be reduced. 

Because of the different pharmacokinetic profiles, 50% of un-metabolized 

pitavastatin remains in the blood stream, where it can more strongly influence 

systemic glucose uptake in peripheral cells such as myocytes and adipocytes
19

.   

Insulin-induced glucose uptake in peripheral adipose tissue and muscles is 

crucial for the reduction of post-prandial blood glucose concentrations. A 

defect in this process results in increased serum glucose after a meal, which is 

the main cause of diabetes mellitus. It is well known that intracellular insulin 

signaling redistributes the glucose transporter 4 (GLUT4) from intracellular 

storage to the plasma membrane. This depends on the production of 

phosphoinositide (3, 4, 5) trisphosphate (PIP3) by phosphatidylinositol 3 

kinase (PI3K)
38

. A serine/threonine-specific protein kinase (Akt), known as 

protein kinase-B (PKB), also plays a key role in glucose metabolism. PIP3 

binds to the domain of Akt/PKB, allowing for its translocation to the cell 

membrane, phosphorylation and activation within the catalytic domain T-loop 

(threonine 308) and the carboxyl terminal hydrophobic domain (serine 473), 

which results in the activation of many downstream targets
39,40

. Akt signaling 

plays a central role in insulin-stimulated glucose uptake in both muscle and 

adipose tissue, but inhibits glucose release from hepatocytes
41,42

. The effect of 

insulin on glucose uptake in peripheral tissues via PIP3, and Akt/PKB 

translocated GLUT4 to the cell membrane. Insulin binds its cell surface 

receptors, which results in the phosphorylation of insulin receptor substrates on 

specific tyrosine residues and activation of PI3K and its downstream target 

Akt/PKB. Akt/PKB and its downstream targets have key roles in insulin 

sensitivity and normal glucose tolerance
43,44

. Therefore, the reduction of 

Akt/PKB activation in adipose tissue has potential to increase insulin 
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resistance and the risk of diabetes. In this study, Akt phosphorylation on 

threonine 308 in myocytes and adipocytes was increased by pitavastatin 

treatment compared with rosuvastatin treatment. This different effect on 

Akt/PKB activation might represent an unusual property of pitavastatin on 

glucose metabolism.  

Fatty liver has common etiologies to diabetes, such as insulin resistance, 

obesity, westernized diet, and inactivity. It confers an inherent risk for 

metabolic syndrome and diabetes mellitus. In our study, HFD-induced obese 

mice had fatty livers and increased liver weights. Although, there was no 

statistical difference, fat deposition and liver weight in the pitavastatin group 

were reduced compared with the control. It is possible that the decrease in 

LDL receptor activity may reduce fatty acid inflow to the liver, which in turn 

may reduce the inhibition of hepatic glycolysis by fatty acids. However, 

further investigation is needed to verify effect of pitavastatin on the liver.  

Several studies have shown that the risk of developing diabetes is lower 

when taking pitavastatin. This may be associated with increased adiponectin 

attributable to improved insulin resistance. However, in this study, there was 

no difference in serum adiponectin, HMW adiponectin, and insulin levels 

according to medication. However, insulin resistance, as measured by 

HOMA-IR, showed an improved tendency and HOMA-B was significantly 

preserved in the pitavastatin group compared with the other groups. 

Considering that the previous results were collected from clinical human data, 

these might differ from the results of the mice. However, the importance of 

fat tissue was demonstrated, and further studies are needed to understand the 

interaction between statins and adipokines.  

The study has several limitations. First, the direct effect of pitavastatin on 

the pancreas was not investigated. Second, the change in serum cholesterol 

was not measured. Despite these limitations, the study has several merits. We 

investigated the effect of pitavastatin on glucose metabolism via intracellular 
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insulin signaling, insulin resistance, and glucose clearance in HFD induced 

obese mice and several cell lines. Furthermore, we demonstrated that 

pitavastatin improved peripheral insulin resistance through insulin-stimulated 

intracellular signaling via the Akt phosphorylation at threonine 308.  

 

V. CONCLUSION 

Pitavastatin treatment did not increase food intake or body weight, but 

improved fasting blood glucose levels. Pitavastatin was associated with 

improved peripheral insulin resistance in muscle and adipose tissue via 

intracellular Akt activation of threonine 308. Pitavastatin may be a useful drug 

for the treatment of dyslipidemia in patients with a high risk of diabetes 

mellitus.  
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ABSTRACT(IN KOREAN) 

피타바스타틴과 로슈바스타틴의 생체내 및 생체외에서 

말초조직의 인슐린 저항성에 미치는 영향 비교 연구 

 

<지도교수 강 은 석> 

 

연세대학교 대학원 의학과 

 

최 은 영 

 

 

배경: 장기간의 스타틴 투여가 당뇨병을 유발할 수 있다는 것은 이미 

잘 알려져 있다. 다른 스타틴과 달리, 피타바스타틴은 당뇨병과 

무관하거나 오히려 당뇨병으로의 진행을 예방한다고 알려져 있으나 

그 정확한 기전에 대해선 알려진 바가 없다. 

목적 및 방법: 포도당대사에 피타바스타틴이 미치는 영향을 확인하기 

위해 실험쥐 및 간, 근육, 지방 세포주를 이용하여 대조군, 

로슈바스타틴, 피타바스타틴 세 그룹으로 나누어 연구를 진행하였다. 

8 주 된 수컷 C57BL/6J 쥐에 대조군, 로슈바스타틴 또는 

피타바스타틴 0.01%를 45% 지방을 함유한 고지방식이에 섞어 12 

주간 투여하였다. 체중, 공복 혈당 및 음식 섭취량을 매주 측정 

하였다. 약물 투여 후 포도당 내성검사 및 인슐린 내성검사를 

시행하였다. 혈중 인슐린과 총 아디포넥틴, 고분자량 아디포넥틴을 

측정하였다. HepG2, C2C12, 3T3-L1 세포주 및 고지방식이 쥐의 

복막지방세포를 분리하여 24 시간동안 10 µM 를 처리한 뒤 

인슐린으로 5 분에서 15 분간 자극하여 세포 내 인슐린 신호 전달에 

대한 피타바스타틴의 효과를 로슈바스타틴과 비교 분석했다. 
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결과: 12 주 후 피타바스타틴 군은 로슈바스타틴 군에 비해 체중 

증가가 유사했다 (11.1 ± 3.1 g vs 11.9 ± 4.0 g, p = 0.988). 공복 

혈당은 로슈바스타틴 군에 비해 피타바스타틴 군에서 유의하게 

낮았다 (102.6 ± 7.7 mg/dL vs 143.0 ± 22.2 mg/dL, p = 0.019). 

피타바스타틴 군에서는 포도당 내성이 유의하게 개선 되었으나 

대조군과 비교하여 로슈바스타틴 군에서는 악화되었다 (p = 0.016). 

피타바스타틴 군에서 대조군에 비해 향상된 인슐린 감수성을 보였다.  

전체 및 고분자량 아디포넥틴은 그룹간에 차이가 없었다. 인슐린은 

그룹간에 차이가 없었으나 인슐린 저항성과 인슐린 분비 예비능은 

피타바스타틴 군에서 로슈바스타틴 군에 비해 호전되었다. 피타바 

스타틴은 로슈바스타틴에 비해 근육과 지방 세포에서 인슐린 유발 

Akt 활성화를 개선시켰다. 간세포에서는 로슈바스타틴과 큰 차이가 

없었다.  

결론: 피타바스타틴은 쥐에서 로슈바스타틴과 달리 당뇨병 유발 

효과가 낮았다. 이 효과는 말초 지방과 근육 세포에서의 인슐린 

신호전달 개선에 의한 인슐린 저항성 재선에 의해 매개 되는 것으로 

추정된다. 
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