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Can Statin be a Novel Pharmacophore for Antidiabetic Activity ?
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Abstract: Currently, statins are in lime light due to their pleiotropic effects. One of their pleiotropic effects is on glucose 
metabolism. Various clinical and preclinical studies were designed to evaluate statins’ effect on glucose metabolism. This 
review describes preclinical and clinical evidences of statins’ action on glucose metabolism.
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INTRODUCTION

Diabetes is one of the leading causes of adverse cardio-
vascular events (CVE). Relation between diabetes and CVE 
is well established [1]. This increased risk is because of al-
teration of homeostatic balance like altered insulin receptor 
mechanism, hyperglycemia [2], disturbed lipid levels etc. 
[1,3,4]. It is well known that diabetic dyslipidemia is the key 
factor for high adverse CVE [5]. Several anti-dyslipidemic 
therapies have decreased morbidity and mortality in diabetic 
patients [6-9]. Amongst anti-dyslipidemic therapies, statins 
are highly promising agents. Initially they were used as lipid 
lowering drugs only but now due to pleiotropic effects their 
use are proposed in several clinical situations [10]. This re-
view article deals with the evidence based effects of statins 
on glucose metabolism.

MECHANISM OF ACTION AND STRUCTURE AC-

TIVITY RELATIONSHIP

Statins belong to the group of lipid lowering drugs,
which act by inhibiting 3-hydroxy 3-metyl glutaryl CoA
(HMG Co-A) reductase enzyme. HMG CO-A is involved in 
rate limiting step of cholesterol synthesis pathway. This en-
zyme is responsible for conversion of HMG Co-A to me-
valonate. Statins are structural analogues of HMG Co-A with 
better affinity and thus competitively inhibits HMG Co-A
reductase. By inhibiting this enzyme, statins lower the syn-
thesis of cholesterol in liver (Fig. (1)). This leads to incre-
ment of LDL receptors on the hepatocyte, which ultimately 
causes decrease in plasma LDL level. Apart from lipid low-
ering activity they also decrease triglyceride & apolipopro-
tein A level and slightly increase HDL cholesterol level [11].

Chemically statins have two parts i.e. ring with hydro-
phobic substituents and a side chain (dihydroxyheptanoic
acid moiety) (Fig. (2)). The ring structure is analogue of co-
enzyme A moety of endogenous substance (HMG CoA). The 
ring is responsible for adjustment of statin molecule on en-
zyme binding site and also for solubility profile of individual 
statins. Different ring structures which are present in cur-
rently available statins are partially reduced napthylene (lo
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vastatin, simvastatin and pravastatin), Pyrrole (atorvastatin), 
Indole (fluvastatin), pyrimidine (rosuvastatin), quinoline 
(pitavastatin) etc [12]. Moreover, statins contain at least 2 
hydrophobic substituents on these rings. Ring along with 
hydrophobic substitutions is responsible for high affinity of 
the statins compare to endogenous substrate because of 
higher number of van der waals interaction [13].

Side chain (dihydroxyheptanoic acid) is structurally simi-
lar to 3-hydroxy 3-metyl glutaryl. It binds to active site of 
the enzyme and is must for statins’ inhibitory activity. This 
side chain contains either free carboxylate group or lactone 
ring. Statins containing lactone ring are pro-drugs and get 
activated when this ring is hydrolysed and produce free car-
boxylate group.

Based on their water solubility statins have different 
pharmacokinetic profiles and tissue specificity (Table 1).
Hydrophilic statins have shorter half life and more selectivity 
toward liver (site of action) compare to lipophilic statins
[14]. Lipophilic statins by passive diffusion can penetrate in 
to various extra-hepatic tissues.

STATINS IN DIABETES

Statins have shown promising outcomes in clinical trials 
involving diabetes associated adverse CVE [6,15]. However, 
controversial data are also available. It has been proven that 
diabetes associated dyslipidemia shows characteristic lipid 
profiles. High LDL can increase cardiovascular complica-
tions in diabetes patients, but it is not a characteristic of dia-
betes associated dyslipidemia [16]. The occurrence of high 
LDL in diabetic patients is same as in normal population. In 
diabetes there is accumulation of chylomicron, apolipopro-
tein B and VLDL. HDL and LDL are enriched by triglyc-
eride which leads to decrease in HDL as well as increase in
small, dense LDL. In addition to this impaired suppression 
of hepatic VLDL synthesis after meals is also observed [17].
Small dense LDL particles are responsible for high rate of 
adverse events in diabetes [18].

Though statins do not have direct effect on small dense 
LDL particles, they are very useful in diabetic population 
and also in cardiac patients without diabetes. This shows
greater protection than it is to be thought by only lipid bal-
ancing activity. This may be due to pleiotropic effects, which 
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Fig. (1). Effect of statins on synthesis of cholesterol and isoprenylated proteins.

Fig. (2). Chemical structures of HMG CoA and statins. Box indicates side chain involved in competitive binding with HMG CoA for HMG 
CoA reductase.
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are independent from cholesterol lowering effects [19]. One 
of the major reasons for pleiotropic effects of statins is that
the cholesterol synthesis pathway is also involved in produc-
tion of some very important biomolecules [19]. As shown in 
Fig. (1), cholesterol synthesis pathway is involved in synthe-
sis of isoprenylated proteins, fernasylated proteins, geranyl-
geranylated proteins etc which are very important regulators 
in various dynamic activities of the cell. Summary of various 
pleiotropic effects of statins are given in Table 2.

In this review we have focused on statins’ effects on glu-
cose metabolism especially in diabetes. 

EFFECTS OF STATIN ON GLUCOSE METABOLISM

Clinical Studies

In sub-analysis of West of Scotland Coronary Prevention 
Study [20,21], pravastatin has shown significant reduction 
(30 percent) in development of type 2 diabetes mellitus in 
treated group. It was proposed that this action of pravastatin 
may be due to its anti-dyslipidemic and anti-inflammatory 
activity. This result showed that statins might have protec-
tive effects on insulin resistant patients who are at a risk of 
type 2 diabetes. Study involving group of insulin resistant 
patients showed improved fasting & prostprandial glucose 
levels, insulin sensitivity and decreased Homeostasis Model 
Assessment (HOMA) in pravastatin treated groups [22].
Authors proposed that these effects of pravastatin may be 
due to its anti-inflammatory activity. It is proven that pravas-
tatin can decrease the level of TNF-�, which is one of the 
factors responsible for insulin resistance. In two different 
studies on type 2 diabetic patient and hypercholesterolemic 
patients without diabetes, pravastatin showed beneficial ef-
fects as compare to atorvastatin for improvement of insulin 
sensitivity [23,24]. In these studies it is also reported that 

atorvastatin may adversely affect beta cell function. Study on 
aged dyslipidemic type 2 diabetic patients showed that sim-
vastatin and atorvastatin have beneficial effects on insulin 
sensitivity and atorvastatin have higher efficacy as compared
to simvastatin [25]. Other clinical studies on atorvastatin 
have shown that it may detoriate glycemic control in type 2 
diabetic patients [26,27]. While some studies on atorvastatin
[28], simvastatin (40mg/day) [29] and Lovastatin (80mg/day)
[30] showed no significant change in insulin sensitivity in 
the treated group compare to placebo. All of these clinical 
studies have used parameters like HOMA, fasting and post-
prandial glucose, glycosylated hemoglobin, oral glucose tol-
erance test, insulin level etc. as a measure of insulin resis-
tance. These studies were only aimed to determine whether 
statins do have any effects on glycemic control in diabetic 
patients. So, clear mechanisms for such effect are not at-
tained from study. Most of the clinical studies proposed that 
it may be due to statins effect on triglyceride levels and 
partly due to anti-inflammatory activity.

Pre-Clinical Studies

Based on the observation obtained from the clinical stud-
ies various pre-clinical studies involving in vitro and in vivo
techniques were performed to determine mechanism of ac-
tion of statins for their effect on glucose metabolism in dia-
betes. One of the in vitro studies by Yada et al. showed that 
lipophillic statin (Simvastatin) can inhibit glucose induced 
cytosolic calcium signaling in pancreatic beta cells while
hydrophilic statin (pravastatin) failed to show any effect
[31]. Glucose induced calcium signaling is responsible for 
glucose dependent insulin secretion from pancreatic beta 
cells. It was concluded that lipophilic statins might adversely 
affect glucose metabolism. Apart from this study various in 
vivo studies were also carried out using different animal 
models for diabetes. Some studies failed to show any effect 

Table 1. Pharmacokinetic Comparison of Statins [14,45]

Statins
LDL Cholesterol Reduction 

(%) and Dose (mg)
Solubility

Bioavaibility 

(%)

CYP450 

Isoenzyme

Active 

Metabolite

Elimination Half 

Life (Hour)

Renal /Fecal

Excretion  (%)

Atorvastatin
38%–54%

(10–80)
Lipophilic

12
3A4 YES 14

Urine <2

Feces  98

Lovastatin
17%–33%

(20–80)
Lipophilic 5 3A4 YES 3

Urine 10

Feces 83

Fluvastatin
25%–44%

(0.2–0.8)
Lipophilic 24 2C9 NO

1.2 Urine 5

Feces 90

Simvastatin
52%–63%

(10–40)
Lipophilic 5 3A4 YES 2

Urine 10

Feces 60

Pravastatin
29%–48%

(20–80)

Hydro-

philic
18 NO NO

1.8 Urine 20

Feces 70

Rosuvastatin
19%–40%

(10–40)

Hydro-

philic
20 Limited Minor

19 Urine 13

Feces

Pitavastatin
20%-42%

(1-10)
Lipophilic 80 Limited Minor

11
NA
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of statins on glucose metabolism while other studies have 
shown significant effect of statin therapy on glucose metabo-
lism. Based on these studies various mechanisms are pro-
posed for statins action on insulin resistance. Studies on STZ 
induced diabetic rats showed no effect of statins on glucose 
levels and OGTT but atorvastatin lowers glucose level at 
various intervals without alteration of insulin secretion [32].
In Goto-Kakazaki rats, Satoh et al. have reported that pravas-
tatin, simvastatin and atorvastatin do not produce any sig-
nificant change in insulin resistance [33]. Pravastatin shows 
gender specific change in islet blood flow (IBF) and total
pancreatic blood flow (PBF) [34]. In male goto-kakazaki rats 
pravastatin improves both IBF and PBF and thus increases 
serum insulin levels while in female rats it only improves 
PBF. Huang et al. reported that Nitric oxide synthase (NOs) 
inducing activity of statins might be responsible for such 
enhanced blood flow [35]. Atorvastatin is reported to have 
multiple effects on adipocytes. In vitro studies have shown 
that it inhibits insulin dependent glucose uptake in white 
fully differentiated adipocytes but not in pre-matured undif-
ferentiated adipocytes [36]. In high fat diet fed animal mod-
els of type 2 diabetic animals, statins improve insulin resis-
tance in liver and muscle cells [37]. Further, lovastatin has

also shown improvement of insulin resistance in liver of 
HFD fed rats [38], through its action on insulin signaling-
pathways. It enhances PI3K/Akt pathway which in term in-
creases glucose uptake. Atorvastatin can upregulated PPAR �
levels and thus may improve insulin sensitivity [39]. It also 
inhibits IRS 1 serine phosphorylation and NF�B which are 
responsible for attenuation of insulin signaling. Lovastatin 
also inhibits a key negative regulator, Protein phosphatase 
1B (PTP-1B) of insulin singaling pathway [38]. Rosuvas-
tatin, a comparative hydrophilic statin has improved insulin 
resistance in liver of fructose fed insulin resistant rats
[37,40], however in clinical studies it failed to show such 
kind of effects. Apart from these effects, statins also possess
enzyme inhibitory activity. Recently it is proven that statins 
can inhibit dipeptidyl peptidase IV (DPP-IV) [41]. DPP-IV 
is serine protease, responsible for degradation of Glucagon
like peptide 1 (GLP-1) and glucose dependent insulinotropic 
polypeptide (GIP). GLP-1 and GIP plays important role in 
glucose homeostasis as both are responsible for 70% of insu-
lin secretion after meal. Thus by inhibiting DPP-IV statins 
can increase insulin secretion. Atorvastatin shows high level 
of DPP-IV inhibiting activity compare to rosuvastatin and 
simvastatin. In addition to these, atorvastatin is reported to 
have inhibitory effect on liver glucose 6 phosphatase en-
zyme, which is responsible for gluconeogenesis [40]. Re-
cently Howarth et al. proved that in vitro treatment with 
atorvastatin exhibits insulin sensitizing activity in 3T3 L1 
adipocytes by lowering membrane cholesterol content [42].

Kanda et al. have reported that long term treatment with 
Rho-kinase inhibitors improves glucose and lipid metabo-
lism in Zucker obese rats [43]. They have proven that this is 
due to inhibition of serine phosphorylation in IRS 1 and thus 
improves insulin sensitivity in skeletal muscle. Thus drugs 
like statins acting through inhibition of isoprenylation and 
Rho-kinase may be consider as new therapeutic target for 
anti-diabetic action. 

From above studies it is clear that lipophilic statins show 
somewhat consistency in their effect on glucose metabolism 
compare to hydrophilic statins.

DOES SOLUBILITY OF STATINS PLAY ROLE?

Based on chemical structure, statins can be classified 
according to their solubility profile. Soubility of statins plays 

Table 3. Summarizing Effects of Statins on Insulin Signaling 

and Secretion

Improvement of insulin sensitivity 

�� Tg 

�� TNF-� and NF��

�  PPAR� activation and synthesis

�  PI3K/ Akt pathway mediated effects of insulin

�� Membrane cholesterol which in term increases insulin effect

�� IRS 1 and PTP 1b

Increases Insulin secretion

�  NOS

��  DPP IV

Table 2. Pleiotropic Effects of Statin [10,19]

1. Anti-inflammatory activity

 Decreases TNF �, NF�B, IL 1, IL 6 and CRP

2. Prevent oxidative stress

Inhibits  NADPH oxidase and conversion of LDL to oxidized LDL  

Increases glutathione and ubiquinone in LDL particles thioredoxin 

3. Endothelial function and vascular smooth muscle proliferation

Induces   eNOS and iNOS

Alters release and action of Ang II and ET 1, 

Inhibits  VSMC proliferation and migration

4. Atherosclerosis and thrombosis

Decreases PAI-1 and modulates fibrinogen levels

Decreases CD36 and MMP-9, 

Increases collagen content of plaque 

5. Renoprotective effects

Decreases TGF-� and  Inflammatory markers in kidney cells

6. Bone remodeling

Decreases activity of  osteoclast 

Decreases bone resorption and activates bone formation

7. Glucose metabolism

Improves insulin signaling pathway in insulin resistance,

Protects � cell from oxidative stress, increases insulin release 

TNF �: Tumor necrosis factor �, NF�B: Nuclear Factor � B, IL  interleukin, CRP: C 

reactive protein, LDL: low density lipoprotein, eNOS: endothelial nitric oxide syn-

thase, iNOS: inducible nitric oxide synthase, AngII: Angiotensin II, ET1: endothelin 1, 

VSMC: Vascular Smooth Muscle Cell, MMP: matrix metallo proteinase, PAI: Plasmi-

nogen Activator Inhibitor, CD36: Cluster of Differentiation 36, TGF�: Transforming 

growth factor beta.
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major role in important biochemical processes like absorp-
tion, distribution, metabolism and excretion. Atorvastatin, 
simvastatin, lovastatin, fluvastatin, cerivastatin and pitavas-
tatin are relatively lipophilic compounds while Pravastatin 
and rosuvastatin are relatively hydrophilic. Hydrophilic stat-
ins show more hepatoselectivity (site of action) compare to 
lipophilic statins [14]. Thus lipophilic statins may have more 
potent effects on extrahepatic sites compare to pravastatin 
and rosuvastatin. As mentioned earlier, in various clinical 
and pre-clinical studies pravastatin have shown beneficial 
effects on glucose homeostasis. Rosuvastatin failed to show 
any effect in clinical study, but in pre-clinical studies it 
shows improvement in hepatic insulin resistance. Lipophilic 
statins especially atorvastatin showed variable effects in type 
2 diabetes. In some studies atorvastatin adversely effects 
glucose control, while in some it is proven to be beneficial. 

In preclinical studies all hydrophilic statins improved 
liver insulin resistance [37], while in clinical studies only 
pravastatin showed effect on glucose metabolism. This may 
be due to their hepatoselectivity and localized effect. In 
clinical studies, parameters for liver insulin resistance were 
not carried out which may be one of the reason for failure to 
get results. 

DRUG-DRUG INTERACTION AND METABOLISM 

OF STATINS

Apart from distribution solubility also plays major role in 
metabolism and excretion of drugs. Diabetic patients are 
usually prescribed various drugs along with anti-diabetic 
drugs, which may be responsible for drug-drug interaction. 
Lipophilic statins like Atorvastatin, simvastatin, lovastatin 
are extensively metabolized by CYP 3A4 while fluvastatin is 
extensively metabolized by CYP 2C9 and thus there are high 
chances of drug-drug interaction [44]. Amongst statins 
Pravastatin does not metabolized by CYP 450 [14,45]. Thus, 
the only hydrophilic statin which shows improvement in 
glucose tolerance in clinical studies is Pravastatin. Apart 
from pharmaco-kinetic interaction there are chances that 
other commonly prescribed drugs in diabetic patient may 
have pharmacodynamic interaction with statins at molecular 
level. Although there is no strong evidence about effects of 
drug metabolism and drug drug interaction on glucose me-
tabolism, these factors should be considered for future drug 
development.

CONCLUSION

Statins are very important class of drugs for the treatment 
of dyslipidemia. It is widely prescribed in patients having 
risk of adverse cardiovascular events, especially diabetic 
patients. Pleiotropic effects of statins on glucose metabolism 
and insulin signaling are very important for such patients 
Table 3.

Diabetes is a very complex metabolic disorder. As our 
knowledge about molecular mechanism increased, we have 
designed drugs which can act very selectively to a single
pathway or more correctly to a single molecular target. But 
this may not be fruitful in diabetes as series of pathological 
events are present simultaneously. We need drugs like statins 
which can act on several pathological events simultaneously.
This will require intensive clinical investigations to identify 

properties of statins which are more potent in relation with 
insulin signaling and/or glucose metabolism e.g. balance 
between lipophilicity and hydrophilicity, selectivity to extra 
hepatic sites, metabolic characteristics, drug drug interac-
tions etc. Thus, statins have potential to provide potent lead 
for novel antidiabetic molecule, acting on multiple patho-
physiological pathway in diabetes. 

REFERENCES

[1] Caglayan, E.; Blaschke, F.; Takata, Y.; Hsueh, W. A. Metabolic 
syndrome-interdependence of the cardiovascular and metabolic 
pathways. Curr. Opin. Pharmacol., 2005, 5 (2), 135-142.

[2] Selvin, E.; Coresh, J.; Golden, S. H.; Boland, L. L.; Brancati, F. L.; 
Steffes, M. W. Glycemic control, atherosclerosis, and risk factors 
for cardiovascular disease in individuals with diabetes: the athero-
sclerosis risk in communities study. Diabetes Care, 2005, 28 (8),
1965-1973.

[3] Scott, J. Pathophysiology and biochemistry of cardiovascular dis-
ease. Curr. Opin. Genet. Dev., 2004, 14 (3), 271-279.

[4] Fonseca, V. A. The metabolic syndrome, hyperlipidemia, and insu-
lin resistance. Clin. Cornerstone, 2005, 7 (2-3), 61-72.

[5] Vinik, A. I. The metabolic basis of atherogenic dyslipidemia. Clin. 
Cornerstone, 2005, 7 (2-3), 27-35.

[6] Anonymous. Randomized trial of cholesterol lowering in 4444 
patients with coronary heart disease: the Scandinavian Simvastatin 
Survival Study (4S). Lancet, 1994, 344 (8934), 1383-1389.

[7] Canner, P. L.; Furberg, C. D.; Terrin, M. L.; McGovern, M. E. 
Benefits of niacin by glycemic status in patients with healed myo-
cardial infarction (from the Coronary Drug Project). Am. J. Car-

diol., 2005, 95 (2), 254-257.
[8] Haffner, S. M.; Alexander, C. M.; Cook, T. J.; Boccuzzi, S. J.; 

Musliner, T. A.; Pedersen, T. R.; Kjekshus, J.; Pyorala, K. Reduced 
coronary events in simvastatin-treated patients with coronary heart 
disease and diabetes or impaired fasting glucose levels: subgroup 
analyses in the Scandinavian Simvastatin Survival Study. Arch. In-

tern. Med., 1999, 159 (22), 2661-2667.
[9] Sacks, F. M. The role of high-density lipoprotein (HDL) choles-

terol in the prevention and treatment of coronary heart disease: ex-
pert group recommendations. Am. J. Cardiol., 2002, 90 (2), 139-
143.

[10] McFarlane, S. I.; Muniyappa, R.; Francisco, R.; Sowers, J. R. 
Clinical review 145: Pleiotropic effects of statins: lipid reduction 
and beyond. J. Clin. Endocrinol. Metab., 2002, 87 (4), 1451-1458.

[11] Stancu, C.; Sima, A. Statins: mechanism of action and effects. J. 
Cell. Mol. Med., 2001, 5 (4), 378-387.

[12] Roche, V. F. Antihyperlipidemic Statins: A Self-Contained, Clini-
cally Relevant Medicinal Chemistry Lesson. Am. J. Pharm. Educ.,
2005, 69 (4), 546-560.

[13] Istvan, E. S.; Deisenhofer, J. Structural mechanism for statin inhibi-
tion of HMG-CoA reductase. Science, 2001, 292 (5519), 1160-
1164.

[14] Schachter, M. Chemical, pharmacokinetic and pharmacodynamic 
properties of statins: an update. Fundam. Clin. Pharmacol., 2004,
19, 117-125.

[15] Pyorala, K.; Pedersen, T. R.; Kjekshus, J.; Faergeman, O.; Olsson, 
A. G.; Thorgeirsson, G. Cholesterol lowering with simvastatin im-
proves prognosis of diabetic patients with coronary heart disease. A 
subgroup analysis of the Scandinavian Simvastatin Survival Study 
(4S). Diabetes Care, 1997, 20 (4), 614-620.

[16] Carmena, R. Type 2 diabetes, dyslipidemia, and vascular risk: 
rationale and evidence for correcting the lipid imbalance. Am. 

Heart J., 2005, 150 (5), 859-870.
[17] Kreisberg, R. A. Diabetic dyslipidemia. Am. J. Cardiol., 1998, 82 

(12A), 67U-73U; discussion 85U-86U.
[18] Gazi, I. F.; Tsimihodimos, V.; Tselepis, A. D.; Elisaf, M.; Mik-

hailidis, D. P. Clinical importance and therapeutic modulation of 
small dense low-density lipoprotein particles. Expert. Opin. Biol. 

Ther., 2007, 7 (1), 53-72.
[19] Ray, K. K.; Cannon, C. P. The potential relevance of the multiple 

lipid-independent (pleiotropic) effects of statins in the management 
of acute coronary syndromes. J. Am. Coll. Cardiol., 2005, 46 (8),
1425-1433.



1428 Mini-Reviews in Medicinal Chemistry, 2009, Vol. 9, No. 12 Parmar and Mehta

[20] Guclu, F.; Ozmen, B.; Hekimsoy, Z.; Kirmaz, C. Effects of a statin 
group drug, pravastatin, on the insulin resistance in patients with 
metabolic syndrome. Biomed. Pharmacother., 2004, 58 (10), 614-
618.

[21] Freeman, D. J.; Norrie, J.; Sattar, N.; Neely, R. D.; Cobbe, S. M.; 
Ford, I.; Isles, C.; Lorimer, A. R.; Macfarlane, P. W.; McKillop, J. 
H.; Packard, C. J.; Shepherd, J.; Gaw, A. Pravastatin and the devel-
opment of diabetes mellitus: evidence for a protective treatment ef-
fect in the West of Scotland Coronary Prevention Study. Circula-

tion, 2001, 103 (3), 357-362.
[22] Sugiyama, S.; Fukushima, H.; Kugiyama, K.; Maruyoshi, H.; Ko-

jima, S.; Funahashi, T.; Sakamoto, T.; Horibata, Y.; Watanabe, K.; 
Koga, H.; Sugamura, K.; Otsuka, F.; Shimomura, I.; Ogawa, H. 
Pravastatin improved glucose metabolism associated with increas-
ing plasma adiponectin in patients with impaired glucose tolerance 
and coronary artery disease. Atherosclerosis, 2007, 194 (2), e43-51.

[23] Ishikawa, M.; Namiki, A.; Kubota, T.; Yajima, S.; Fukazawa, M.; 
Moroi, M.; Sugi, K. Effect of pravastatin and atorvastatin on glu-
cose metabolism in nondiabetic patients with hypercholesterolemia. 
Intern. Med., 2006, 45 (2), 51-55.

[24] Mita, T.; Watada, H.; Nakayama, S.; Abe, M.; Ogihara, T.; Shi-
mizu, T.; Uchino, H.; Hirose, T.; Kawamori, R. Preferable effect of 
pravastatin compared to atorvastatin on beta cell function in Japa-
nese early-state type 2 diabetes with hypercholesterolemia. Endocr. 
J., 2007, 54 (3), 441-447.

[25] Paolisso, G.; Barbagallo, M.; Petrella, G.; Ragno, E.; Barbieri, M.; 
Giordano, M.; Varricchio, M. Effects of simvastatin and atorvas-
tatin administration on insulin resistance and respiratory quotient in 
aged dyslipidemic non-insulin dependent diabetic patients. Athero-

sclerosis, 2000, 150 (1), 121-127.
[26] Ohmura, C.; Watada, H.; Hirose, T.; Tanaka, Y.; Kawamori, R. 

Acute onset and worsening of diabetes concurrent with administra-
tion of statins. Endocr. J., 2005, 52 (3), 369-372.

[27] Takano, T.; Yamakawa, T.; Takahashi, M.; Kimura, M.; Okamura, 
A. Influences of statins on glucose tolerance in patients with type 2 
diabetes mellitus. J. Atheroscler. Thromb., 2006, 13 (2), 95-100.

[28] Tanaka, A.; Yamada, N.; Saito, Y.; Kawakami, M.; Ohashi, Y.; 
Akanuma, Y. A double-blind trial on the effects of atorvastatin on 
glycemic control in Japanese diabetic patients with hypercholes-
terolemia. Clin. Chim Acta, 2001, 312 (1-2), 41-47.

[29] Devaraj, S.; Siegel, D.; Jialal, I. Simvastatin (40 mg/day), adi-
ponectin levels, and insulin sensitivity in subjects with the meta-
bolic syndrome. Am. J. Cardiol., 2007, 100 (9), 1397-1399.

[30] McCrea, J. B.; Fruncillo, R. J.; Holland, S. D.; Conroy, J. A.; 
Shingo, S.; Spector, R.; Bjornsson, T. D. Lovastatin does not affect 
oral glucose tolerance in hypercholesterolemic patients. J. Clin. 
Pharmacol., 1993, 33 (6), 581-585.

[31] Yada, T.; Nakata, M.; Shiraishi, T.; Kakei, M. Inhibition by sim-
vastatin, but not pravastatin, of glucose-induced cytosolic Ca2+ 
signalling and insulin secretion due to blockade of L-type Ca2+ 
channels in rat islet beta-cells. Br. J. Pharmacol., 1999, 126 (5),
1205-1213.

[32] Kanda, M.; Satoh, K.; Ichihara, K. Effects of atorvastatin and 
pravastatin on glucose tolerance in diabetic rats mildly induced by 
streptozotocin. Biol. Pharm. Bull., 2003, 26 (12), 1681-1684.

[33] Satoh, K.; Keimatsu, N.; Kanda, M.; Kasai, T.; Takaguri, A.; Sun, 
F.; Ichihara, K. HMG-CoA reductase inhibitors do not improve 
glucose intolerance in spontaneously diabetic Goto-Kakizaki rats. 
Biol. Pharm. Bull., 2005, 28 (11), 2092-2095.

[34] Huang, Z.; Jansson, L.; Sjöholm, Å. Gender-specific regulation of 
pancreatic islet blood flow, insulin levels and glycaemia in sponta-
neously diabetic Goto-Kakizaki rats. Clin. Sci., 2008, 115, 35-42.

[35] Huang, Z.; Jansson, L.; Sjoholm, A. Pancreatic islet blood flow is 
selectively enhanced by captopril, irbesartan and pravastatin, and 
suppressed by palmitate. Biochem. Biophys. Res. Commun., 2006,
346 (1), 26-32.

[36] Mauser, W.; Perwitz, N.; Meier, B.; Fasshauer, M.; Klein, J. Direct 
adipotropic actions of atorvastatin: differentiation state-dependent 
induction of apoptosis, modulation of endocrine function, and inhi-
bition of glucose uptake. Eur. J. Pharmacol., 2007, 564 (1-3), 37-
46.

[37] Naples, M.; Federico, L. M.; Xu, E.; Nelken, J.; Adeli, K. Effect of 
rosuvastatin on insulin sensitivity in an animal model of insulin re-
sistance: evidence for statin-induced hepatic insulin sensitization. 
Atherosclerosis, 2008, 198 (1), 94-103.

[38] Lalli, C. A.; Pauli, J. R.; Prada, P. O.; Cintra, D. E.; Ropelle, E. R.; 
Velloso, L. A.; Saad, M. J. Statin modulates insulin signaling and 
insulin resistance in liver and muscle of rats fed a high-fat diet. Me-
tabolism, 2008, 57 (1), 57-65.

[39] Wong, V.; Stavar, L.; Szeto, L.; Uffelman, K.; Wang, C. H.; Fan-
tus, I. G.; Lewis, G. F. Atorvastatin induces insulin sensitization in 
Zucker lean and fatty rats. Atherosclerosis, 2006, 184 (2), 348-355.

[40] Suzuki, M.; Kakuta, H.; Takahashi, A.; Shimano, H.; Tada-Iida, K.; 
Yokoo, T.; Kihara, R.; Yamada, N. Effects of atorvastatin on glu-
cose metabolism and insulin resistance in KK/Ay mice. J. Athero-

scler. Thromb., 2005, 12 (2), 77-84.
[41] Taldone, T.; Zito, S. W.; Talele, T. T. Inhibition of dipeptidyl pep-

tidase-IV (DPP-IV) by atorvastatin. Bioorg. Med. Chem. Lett.,
2008, 18 (2), 479-484.

[42] Horvath, E. M.; Tackett, L.; Elmendorf, J. S. A novel membrane-
based anti-diabetic action of atorvastatin. Biochem. Biophys. Res. 

Commun., 2008, 372 (4), 639-643.
[43] Kanda, T.; Wakino, S.; Homma, K.; Yoshioka, K.; Tatematsu, S.; 

Hasegawa, K.; Takamatsu, I.; Sugano, N.; Hayashi, K.; Saruta, T. 
Rho-kinase as a molecular target for insulin resistance and hyper-
tension. FASEB J., 2006, 20 (1), 169-171.

[44] Igel, M.; Sudhop, T.; von Bergmann, K. Metabolism and drug 
interactions of 3-hydroxy-3-methylglutaryl coenzyme A-reductase 
inhibitors (statins). Eur. J. Clin. Pharmacol., 2001, 57 (5), 357-364.

[45] Williams, D.; Feely, J. Pharmacokinetic-pharmacodynamic drug 
interactions with HMG-CoA reductase inhibitors. Clin. Pharma-

cokinet., 2002, 41 (5), 343-370.

Received: 01 June, 2009 Revised: 09 August, 2009 Accepted: 31 August, 2009


