Q Qeios, CC-BY 4.0 - Atrticle, February 23, 2024

Open Peer Review on Qeios

[Review Article] Pitavastatin: A Comprehensive Overview of
its Mechanisms, Pharmacokinetics, Pharmacodynamics, and
Adverse Effects

Priyanka Chaurasiya', Md Sohel Ahmed', Sarita Sharma', Imran Khan

1 Maharishi Markandeshwar University, Mullana

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

Abstract

Pitavastatin emerges as a prominent therapeutic option for individuals grappling with combined dyslipidaemia and
hypercholesterolemia, particularly those afflicted with low HDL-C levels. Acting with remarkable efficacy, statins exhibit
an affinity for HMG-CoA reductase surpassing that of the natural substrate by a thousandfold, while bearing structural
resemblance to HMG-CoA itself. Through inhibition of mevalonate synthesis from HMG-CoA and consequent reduction
in intracellular cholesterol levels, statins amplify LDL receptor activity and facilitate the clearance of non-HDL particles
from systemic circulation. Both in vitro and in vivo experimentation corroborate the pivotal role of statins in attenuating
mevalonate pathway metabolites and curbing cholesterol accumulation, albeit with potential repercussions on 3-cell
function and insulin sensitivity. To delineate the therapeutic virtues of Pitavastatin calcium and elucidate its precise

mechanism of action, a comprehensive survey of the extant literature was undertaken.
Priyanka Chaurasiya', Md Sohel Ahmed', Sarita Sharma'’, and Imran Khan?
1 MM College of Pharmacy, Maharishi Markendeshwar (Deemed to be university), Mullana- 133207, Ambala, Haryana,

India

Qeios ID: FW9ZT3 - https://doi.org/10.32388/FW9ZT3 1/12


https://www.qeios.com/read/FW9ZT3#reviews
https://www.qeios.com/profile/78931
https://www.qeios.com/profile/72448
https://www.qeios.com/profile/78932
https://www.qeios.com/profile/78933

Q Qeios, CC-BY 4.0 - Atrticle, February 23, 2024

2 63 Walnut Street, Sault Ste. Marie, Ontario, Canada, P6B 2E4

"Corresponding Author

Dr. Sarita Sharma

Department of Pharmacology, M.M. College of Pharmacy,
Maharishi Markandeshwar (Deemed to be University),

Mullana 133207, Ambala, Haryana, India
Email: sharmasarita.4416@gmail.com

Keywords: Pitavastatin, Dyslipidemia, Diabetes, Mevalonate pathway.

1. Introduction

Although there are several medications used to treat hyperlipidemia, none is as extensively researched or prescribed as
the class of medications known as "statins," which inhibit 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)

reductase |'l. Like most statins, pitavastatin is delivered as the calcium salt of the active b-hydroxy acid form; lovastatin
and simvastatin are the exceptions (2], The molecule is made up of a dihydroxy heptanoic acid side chain, which binds to
the target enzyme, HMG-CoA reductase, just like all statins do [°!. It is used to raise HDL (good) cholesterol and decrease
triglycerides and LDL (bad) cholesterol in the blood. This medication is intended to help lower the risk of a heart attack or
stroke in conjunction with other lifestyle modifications and a nutritious diet [l. Compared to simvastatin or pravastatin,
pitavastatin binds to HMG-CoA reductase with an affinity that is 1.6-3.5 times greater, respectively 51, Pitavastatin calcium
is a fundamental lipid-lowering medication classified as BCS Il by the Biopharmaceutics Classification System (BCS). An
IVIVC (In vitro-in vivo correlation) model was developed to predict the BE (Bioequivalence) result of formulations produced
by two manufacturers (¢, Pitavastatin inhibits the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A (HMG CoA) reductase,
which is responsible for catalyzing the initial, rate-limiting step in the manufacture of cholesterol by converting HMG-CoA
to mevalonate [’!. Compared to other medications in its class, pitavastatin exhibits a more robust effect on cholesterol
levels due to its new, totally synthetic nature [8l. It was first made accessible in Japan in 2003, and it is currently being sold
in South Korea and India under permission [°!. Pitavastatin has been a popular first-line treatment for lipid-modifying
treatments according to preclinical findings ['%]. In people with both mixed dyslipidemia and primary hyperlipidemia,
pitavastatin is recommended to be an adjuvant treatment to nutrition in order to enhance high-density lipoproteins and
decrease increased levels of triglycerides, apolipoprotein B, low-density lipoprotein cholesterol, and total cholesterol [']. It
has been demonstrated that statins, which are very successful at decreasing cholesterol, minimize cardiovascular

morbidity and mortality in both people with and without coronary heart disease (CHD) ['2].

Qeios ID: FW9ZT3 - https://doi.org/10.32388/FW9ZT3 2/12


mailto:sharmasarita.4416@gmail.com

Q Qeios, CC-BY 4.0 - Atrticle, February 23, 2024

2. Chemical Structure

Pitavastatin is a widely accepted and efficacious therapy for individuals with combined dyslipidemia as well as
hypercholesterolemia, particularly for patients with low HDL-C. That ought to contribute to higher rates of LDL-C target
attainment by lowering the risk of undertreatment, minimizing adverse events, and lowering the risk of DDIs in patients
who need polypharmacy. ['®!. Statins often bind to HMG-CoA reductase with several thousand times greater affinity than
HMG-CoA, and their structures are comparable to that of HMG-CoA [°l. Pitavastatin is recognized by its chemical term,
(+) monocalcium bis-{(3R,5S,6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-quinolyl]-3,5-dihydroxy-6-heptenoate}, and its
molecular weight is 880.98!"]. Fungal-derived inhibitors of HMG-CoA reductase, including Lovastatin, Pravastatin, and
Simvastatin, and wholly synthetized molecules, including Atorvastatin, Cerivastatin, Fluvastatin, Pravastatin, Pitavastatin,
and Rosuvastatin ['2], are known. Another new HMG-CoA reductase inhibitor that has demonstrated significant effects on

lowering plasma total cholesterol and triglycerides is Pitavastatin [14].

HO
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Fig. 1. Pitavastatin Calcium

3. Pharmacodynamics of Pitavastatin

Pitavastatin was mostly absorbed in the small intestine rather than the colon; bioavailability (51%), Tmax 1 hour. When
pitavastatin is taken after a fatty meal, the Cmax drops by 43% [“l. Since pitavastatin showed substrate-competitive type
inhibition of HMG-CoA reductase with an IC50 of 6.8 nM, which is 2.4- and 6.8-times more effective than that of

simvastatin and pravastatin, respectively, foods that interact with specific statins should be ingested with caution.!'%].
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3.1. Mechanism of Action

Statins attach to HMG-CoA reductase with a thousand-times higher affinity than the natural substrate and share structural
similarities with HMG-CoA [¢]. By suppressing the synthesis of mevalonate from HMG-CoA and lowering intracellular
cholesterol, this raises the activity of the LDL receptor and promotes adoption of non-HDL particles from the systemic
circulation!'6l. Data from both inside and outside of living organisms; experiments show that statins limit the formation of
products from the mevalonate pathway & raise cholesterol accumulation, which impairs the function of B-cells and reduces
their sensitivity to insulin and release of it ' 7. Although it was previously believed that this impact was related to the drug
class, new research indicates that both pitavastatin and pravastatin may have neutral effects on glycaemic indices in both
patients with and without diabetes mellitus ['8]. According to in vitro research, pitavastatin has a 1.6- and 3.5-fold higher
affinity for HMGCoA reductase than simvastatin or pravastatin, respectively ['6]. There are several methods for evaluating
insulin activity in vivo, including the glucose clamp, HOMA, MIDMOD, and QUICKI. Using one of these methods, statins
were evaluated against a control in a crossover/parallel design within a meta-analysis conducted on individuals without
diabetes. Statins did not significantly affect insulin sensitivity when compared to controls ['8. Compared to other statins,

pitavastatin efficiently lowers LDL-C levels at lower dosages!'®!.
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Fig. 2. MOA of Pitavastatin

3.2. Other Effects
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Recent research indicates that statins may improve vascular function in ways that go beyond those brought about by
decreasing cholesterol alone; this is known as the "pleiotropic” effect ['°]. Pitavastatin has been demonstrated to enhance
angiogenesis, decrease the creation of ROS ['€], enhance endothelial performance %, raise the production of nitric
oxide [211 prevent the attachment of cells!'8!, suppress the contraction of smooth muscle cells?!, and promote the
production of Apo Al ['9]. Statins have several advantageous benefits that go beyond lowering LDL-C, including reducing

inflammation and having positive effects on the endothelium and coagulation cascade ['°!.

4. Pharmacokinetics of Pitavastatin

4.1. Absorption and Distribution

Pitavastatin's maximum plasma concentration (Cmax) in humans is reached approximately one hour after oral
administration; its absolute bioavailability is 51%, and its absorption rate is 80%. The Cmax is decreased when
pitavastatin is administered with a high-fat meal, but the AUC (area under the plasma concentration-time curve) remains
unaffected ['9]. Pitavastatin is thought to have a lower effect on LDL-C because of its longer half-life when compared to

other statins!'®!. Food has no clinically significant effects on Pitavastatin’s pharmacokinetic profilel'?].

4.2. Metabolism and Excretion

The passage of PTVS is along basal hepatic cytochrome P450 (CYP) metabolism; as a result, it penetrates the
enterohepatic circulation, extending its half-life of elimination (t'2) to roughly 11-12 hours ['°. The primary circulating
metabolite is formed when the liver metabolizes it and uridine 5-diphosphate glucuronosyl transferases (UGT1A3 and
UGT2B7) glucuronidate it (4], These results imply that pitavastatin is not likely to interact with other medications when
taken togetherl??]. The recently approved treatment for hyperlipidaemia involves the use of pitavastatin, a 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitor. Previous research has been conducted on the pharmacokinetic
characteristics of pitavastatin [*3l. Additionally, statins exhibit varying affinities for membrane transporters implicated in
metabolic processes such as renal, biliary, intestinal, and hepatic excretion [°4l. Numerous pharmacokinetic investigations
have demonstrated that in healthy individuals, single nucleotide polymorphisms in this gene substantially affect

pitavastatin pharmacokinetics ['°!

5. Lipid Lowering Agents

5.1. Patients with Dyslipidaemia

Pitavastatin has high binding and inhibitory effects on the active site of 3-hydroxy-3-methyl-glutaryl-CoA reductase, which
enables it to exert its effective pharmacologic action. It also has strong lowering effects on low-density lipoprotein

cholesteroll'®]. Pitavastatin is a new type of statin that causes plaque regression. It is not worse than atorvastatin and, in
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some cases, better than pravastatin and simvastatin when taken by older adults [?°!. Nine extensive trials ranging in
length from eight to fifty-two weeks have examined the hypolipidemic impact of pitavastatin in those suffering from
dyslipidemia ['°l. One major consequence of dyslipidemia is coronary heart disease. A more often prescribed drug for the
treatment of dyslipidemia is pitavastatin [2¢!. The overall cholesterol levels, including triglycerides, as well as LDL, dropped
significantly, and in vivo, the treatment outcome was sustained for more than 3 weeks, according to the pharmacodynamic
investigation conducted in hyperlipidemic rats [?7]. Pitavastatin would be a great imaging agent for hOATP, which is why
we looked at making this agent synthetic [28]. Pitavastatin has also been shown to have lipid-lowering effects in many

research studies [19].

5.2. Patients with Diabetes

Asian patients free of severe hypertension or uncontrolled diabetes have been the focus of most pitavastatin research.
Pitavastatin has been shown in head-to-head trials to be non-inferior to simvastatin and atorvastatin when it comes to
decreasing LDL-C [29], Compared to many other statins, pitavastatin undergoes limited metabolism, which reduces the
likelihood of drug-drug interactions; however, it can interact with some medications that block drug transporters [29],
Against approximately 89% of the studied strains, pitavastatin demonstrated broad-spectrum synergistic interactions with
both voriconazole and fluconazole 511, Type 2 diabetes (T2D) is linked to decreased B-cell mass and obesity. Due to its
incretin secretagogue capability, L-glutamine has been linked to the improvement of T2D; nevertheless, findings regarding
pitavastatin's capacity to potentiate adiponectin are inconsistent [32] The sick individuals had hyperlipidemia, type 2
diabetes mellitus, or glucose intolerance. In patients with type 2 diabetes, PTVS significantly lowered the baseline
numbers of triglycerides, total cholesterol, and LDL cholesterol '], In non-diabetic people, there was a significant rise in
fasting glucose in direct proportion to strict and heavy statin treatment [33/. We must determine the best course of action to

reduce the hyperglycaemic impact of statins and enhance their cardiovascular benefits (32],

6. Drug Interaction

Pitavastatin is a new and strong inhibitor of HMIG-coenzyme A reductase, and it has already been shown that OATP-1B1
plays a major role in its uptake by human hepatocytes. Since OATP2B1 is likewise found in the human liver's basolateral
membrane, we used two methods to validate OATP2B1's negligible role in the liver's absorption of pitavastatin [34].
Polypharmacy, ADRs, and statin-drug interactions: terms such as "statin" (along with others, such as "HMG CoA
reductase inhibitor"), terms concerning polypharmacy (such as "polypharmacy" or "interaction" or "concomitant” or "co-
morbid"), and words concerning ADRs (such as "adverse drug reaction" or "adverse event" or "side-effect” OR "myopathy"
and others were searched). In a recent study, 543 hospitalized patients over 75 years old were given an average of 7.4
drugs; the literature said that "polypharmacy in old age is the rule rather than the exception." Furthermore, within the
cases taking >6 prescription drugs, the quantity of the advised medication was nearly exactly correlated with the

incidence of potential DDIs6. This may be because most physiological processes, such as liver and kidney function,

gradually decline with age12. In fact, aging has an impact on every stage of the pharmacokinetic process, from absorption
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to excretion [3°]. Furthermore, affinity for the bile salt export pump, P-gp, the multi-drug resistance protein (MRP2), and the
BCRP is shared by all statins. The latter transporters could be slightly involved in the drug interactions of statins.
Ultimately, it seems that CYP metabolism and these transporter proteins are in a delicate balance ¢/ Since many
patients with hyperlipidemia also suffer from conditions like diabetes and hypertension, statins are frequently used in
conjunction with other medications. This raises the possibility of harmful drug-drug interactions and may have important
therapeutic ramifications [°/1. The degree of cytochrome P450 (CYP)-mediated metabolism of individual statins

determines how concurrent medications affect the pharmacokinetics of statins [24].

7. Other Side Effects

A considerable load of cardiovascular disease risk factors is linked to chronic kidney disease (CKD). Elevated levels of
cholesterol and triglycerides are linked to a faster decline in kidney function, and dyslipidaemia is more common in chronic
kidney disease patients compared to the general population [*8]. Globally, the prevalence of chronic kidney disease has
been rising, and high cholesterol is a common complication for CKD patients [°°]. As a result, medication repurposing has
been studied for several illnesses and has emerged as an effective drug discovery technique [*%!. It has been
demonstrated that the statin drug class is a novel class of medications with pharmacological advantages in a variety of

solid tumours [41]

. Pitavastatin, the only lipid-lowering research with statins, has shown a correlation between drug-
induced increases in HDL-C and decreased cardiovascular risk 2], Pitavastatin causes apoptosis. It shows that using two
extracts, PTVS exposes the cell feasibility: sunflower oil, which dramatically restored the action of PTVS in cell
proliferation, and milk, which cannot verify that the results in the assay reflected cell death [“?!. Few studies suggest that
using statins causes skeletal muscle contractions to behave favourably [*4]. Pitavastatin is well tolerated and efficiently
alters atherogenic lipid profiles, lowering the risk of cardiovascular disease and cerebrovascular accident in Japanese
individuals with hypercholesterolemia, according to the LIVES research 4!, Even with the broad availability of efficacious
statins, an intolerably high percentage of patients (47-84%) do not achieve their intended LDL-C level in a medical

setting [“6l. More effectively, pitavastatin medication decreased the incidence of new cancer cases. In addition, to improve

the antitumor efficacy and lessen adverse causes, a novel mixed tumour therapy containing PTVS will increase later (7.

8. Discussions

HMG coenzyme hydroxymethyl One of the drugs that doctors prescribe most frequently in Asia is a reductase (HMGCoA)
inhibitor, sometimes known as a statin [*8]. Pitavastatin has good tolerance. The safety of 19,925 patients using
pitavastatin in clinical practice was examined in the post-marketing LIVES trial [?°!. The pharmacokinetics of pitavastatin
and its metabolites, as well as treatment safety, were the main objectives [49], Ad(ditionally, pitavastatin had no effect on
fasting glucose levels [°9]. A recent addition to the statin family, pitavastatin regularly and potently improves lipid

markers ['9]. The primary outcome of this investigation was the considerable reduction of cardiovascular events in
individuals with lipid disorders who had more than one hazard component for ASCVD when PTVS (2 mg/day) medication

was administered [°']. Pitavastatin pretreatment decreased periprocedural ischemic complications (CAS) after carotid
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artery stenting substantially [°2). Pitavastatin will be especially helpful in treating patients with mixed dyslipidemia since it
effectively lowers triglycerides while raising HDL cholesterol [°3]. To forecast the medicative causes and pharmacokinetics
and pharmacodynamics interactions, it is crucial to understand the pitavastatin transporter profiles; the bile duct is a
significant location for statin acceptance and medicative aim [°4l. Even in the heart that has hypertrophied, pitavastatin
can stop the progression of heart failure [°°]. Additional research is necessary to determine any potential variations in risk

amongst statins [°6].

9. Conclusions

In clinical trials, pitavastatin potently and consistently lowered LDL and total cholesterol levels, and it was consistently
linked to an increase in HDL cholesterol levels ['°]. Pitavastatin can raise HDL-C more than other statins; however, its
pharmacological advantages should be considered. With augmentation from RCT [°7], pitavastatin treatment appears to
increase the generation of the poor lipid precursor high-density lipoprotein or apoA-I, resulting in lower consequent
challenges via connections to high-density lipoprotein-C techniques. PTVS may have some benefits, especially in the
medication for the management of diseases linked to HDL [°8]. To clarify the underlying processes and pitavastatin's

potential function in the future for patients at high risk of diabetes, more research is necessary [°?.. Pitavastatin has good

tolerability [7].

Statements and Declarations

Ethics Approval and Consent to Participate

Not applicable.

Consent for Publication

Not applicable.

Funding

The review article has not been funded by any of the funding sources.

Declaration of competing interest

The authors declare that there is no conflict of interest.

Authors' contributions

Qeios ID: FW9ZT3 - https://doi.org/10.32388/FW9ZT3 8/12



Q Qeios, CC-BY 4.0 - Atrticle, February 23, 2024

All authors have equally contributed to completing the article.

Acknowledgments

The authors are thankful to all those who helped to compile the article.

References

1.

10.

11.

12.

13.

14.

&bl . Yee and E. A. Wright, “Pitavastatin calcium: Clinical review of a new antihyperlipidemic medication,” Clinical
Therapeutics, vol. 33, no. 8. pp. 1023-1042, Aug. 2011. Doi: 10.1016/j.clinthera.2011.07.011.

"T. Teramoto, H. Shimano, K. Yokote, and M. Urashima, “New evidence on pitavastatin: Efficacy and safety in clinical
studies,” Expert Opinion on Pharmacotherapy, vol. 11, no. 5. pp. 817-828, Apr. 2010. Doi:
10.1517/14656561003641990.

"R. Y. A. Mukhtar, J. Reid, J. P. D. Reckless, and L. Research, “Pitavastatin.”

a,b.cg. g Singh, P. Kumar, B. Mangla, and S. Singh, “All rights reserved,” International Journal of Pharma Research
and Health Sciences, vol. 6, no. 1, pp. 2070-74, 2018, Doi: 10.21276/ijprhs.2018.01.01.

a.by Gaijto, “Pitavastatin: An overview,” Atheroscler Suppl, vol. 12, no. 3, pp. 271-276, Nov. 2011, Doi:
10.1016/51567-5688(11)70886-8.

"J. Wang et al., “Evaluating the bioequivalence of two pitavastatin calcium formulations based on IVIVC modelling and
clinical study,” Clin Transl Sci, vol. 16, no. 1, pp. 85-91, Jan. 2023, Doi: 10.1111/cts. 13426.

"H. J. Panchal, B. N. Suhagia, N. J. Patel, and B. H. Patel, “A simple and sensitive HPTLC method for quantitative
analysis of pitavastatin calcium in tablets,” Journal of Planar Chromatography - Modern TLC, vol. 21, no. 4, pp. 267—
270, Sep. 2008, Doi: 10.1556/JPC.21.2008.4.8.

"H. Panchal and B. Suhagia, “Stability-indicating liquid chromatographic method for analysis of pitavastatin calcium in
tablet dosage forms,” Acta Chromatogr, vol. 23, no. 1, pp. 81-94, Mar. 2011, Doi: 10.1556/AChrom.23.2011.1.5.

"A. R. Gomas, P. R. Ram, N. Srinivas, and J. Sriramulu, “Degradation Pathway for Pitavastatin Calcium by Validated
Stability Indicating UPLC Method,” Am J Analyt Chem, vol. 01, no. 02, pp. 83-90, 2010, Doi:
10.4236/ajac.2010.12011.

"A. S. Fayed, M. A. Hegazy, E. E. Abbas, and N. N. Salama, “Rapid and selective determination of pitavastatin calcium
in presence of its degradation products and co-formulated drug by first-derivative micelle-enhanced and synchronous
fluorimetric methods,” RSC Adv, vol. 6, no. 109, pp. 107246—107255, 2016, Doi: 10.1039/C6RA20813D.

"“15. PTV critical care”.

a.b\. Schachter, “Chemical, pharmacokinetic and pharmacodynamic properties of statins: An update,” Fundamental
and Clinical Pharmacology, vol. 19, no. 1. pp. 117-125, Feb. 2005. Doi: 10.1111/].1472-8206.2004.00299. X.

"L. Masana, “Pitavastatin - from clinical trials to clinical practice,” Atheroscler Suppl, vol. 11, no. 3, pp. 15-22, Dec.
2010, Doi: 10.1016/S1567-5688(10)71065-5.

"T. Kurata et al., “Atorvastatin and pitavastatin reduce senile plaques and inflammatory responses in a mouse model of

Qeios ID: FW9ZT3 - https://doi.org/10.32388/FW9ZT3 9/12



Q Qeios, CC-BY 4.0 - Atrticle, February 23, 2024

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Alzheimer’s disease,” Neurol Res, vol. 34, no. 6, pp. 601-610, Jul. 2012, Doi: 10.1179/1743132812Y.0000000054.
a.b,¢.dT. Hayashi, K. Yokote, Y. Saito, and A. Iguchi, “Pitavastatin: Efficacy and safety in intensive lipid lowering,”
Expert Opin Pharmacother, vol. 8, no. 14, pp. 2315-2327, Oct. 2007, Doi: 10.1517/14656566.8.14.2315.

a.b,c.dA | Catapano, “Pitavastatin - pharmacological profile from early phase studies,” Atheroscler Suppl, vol. 11, no.
3, pp. 3—7, Dec. 2010, Doi: 10.1016/S1567-5688(10)71063-1.

ab1  Voss et al., “Pitavastatin is a highly potent inhibitor of t-cell proliferation,” Pharmaceuticals, vol. 14, no. 8, Aug.
2021, Doi: 10.3390/ph14080727.

a.b,¢.dR Carmena and D. J. Betteridge, “Diabetogenic Action of Statins: Mechanisms,” Current Atherosclerosis
Reports, vol. 21, no. 6. Current Medicine Group LLC 1, Jun. 01, 2019. Doi: 10.1007/s11883-019-0780-z.

a.b,c.d.ef, 0.0l kp Marques Da Silva, “Are All Statins the Same? Focus on the Efficacy and Tolerability of
Pitavastatin.”

a.by. Zhao et al., “Pitavastatin calcium improves endothelial function and delays the progress of atherosclerosis in
patients with hypercholesterolemia,” J Zhejiang Univ Sci B, vol. 16, no. 5, pp. 380-387, May 2015, Doi: 10.1631/jzus.
B1400181.

. Davignon, “Pleiotropic effects of pitavastatin,” Br J Clin Pharmacol, vol. 73, no. 4, pp. 518-535, Apr. 2012, Doi:
10.1111/.1365-2125.2011.04139. x.

"T. Hayashi, K. Yokote, Y. Saito, and A. Iguchi, “Pitavastatin: Efficacy and safety in intensive lipid lowering,” Expert
Opin Pharmacother, vol. 8, no. 14, pp. 23152327, Oct. 2007, Doi: 10.1517/14656566.8.14.2315.

"Z. Luo, Y. Zhang, J. Gu, P. Feng, and Y. Wang, “Pharmacokinetic properties of single- and multiple-dose pitavastatin
calcium tablets in healthy Chinese volunteers,” Curr Ther Res Clin Exp, vol. 77, pp. 52-57, Dec. 2015, Doi:
10.1016/].curtheres.2015.02.001.

abT. Hirota, Y. Fujita, and I. leiri, “An updated review of pharmacokinetic drug interactions and pharmacogenetics of
statins,” Expert Opinion on Drug Metabolism and Toxicology, vol. 16, no. 9. Taylor and Francis Ltd., pp. 809-822, Sep.
01, 2020. Doi: 10.1080/17425255.2020.1801634.

&b Ose, “Pitavastatin: A distinctive lipid-lowering drug,” Clinical Lipidology, vol. 5, no. 3. pp. 309-323, Jun. 2010.
Doi: 10.2217/clp.10.28.

"N. R. Alzahrani and A. F. Yassin, “Chest pain as a possible side effect of pitavastatin (Livalo),” J Family Community
Med, vol. 26, no. 1, pp. 61-63, Jan. 2019, Doi: 10.4103/jfcm.JFCM_74_18.

"N. Xiang et al., “An Injectable Gel Platform for the Prolonged Therapeutic Effect of Pitavastatin in the Management of
Hyperlipidemia,” J Pharm Sci, vol. 105, no. 3, pp. 1148—-1155, Mar. 2016, Doi: 10.1016/j.xphs.2015.12.002.

"Y. Yagi et al., “The synthesis of [18F] pitavastatin as a tracer for hOATP using the Suzuki coupling,” Org Biomol
Chem, vol. 13, no. 4, pp. 1113-1121, Jan. 2015, Doi: 10.1039/c40b01953a.

"T. M. Wensel, B. A. Waldrop, and B. Wensel, “Pitavastatin: A new HMG-CoA reductase inhibitor,” Annals of
Pharmacotherapy, vol. 44, no. 3. pp. 507-514, Mar. 2010. Doi: 10.1345/aph.1M624.

"P. Chan, L. Shao, B. Tomlinson, Y. Zhang, and Z. M. Liu, “An evaluation of pitavastatin for the treatment of
hypercholesterolemia,” Expert Opin Pharmacother, vol. 20, no. 1, pp. 103—113, Jan. 2019, Doi:
10.1080/14656566.2018.1544243.

Qeios ID: FW9ZT3 - https://doi.org/10.32388/FW9ZT3 10/12



Q Qeios, CC-BY 4.0 - Atrticle, February 23, 2024

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

"H. E. Eldesouky, E. A. Salama, X. Li, T. R. Hazbun, A. S. Mayhoub, and M. N. Seleem, “Repurposing approach
identifies pitavastatin as a potent azole chemosensitizing agent effective against azole-resistant Candida species,” Sci
Rep, vol. 10, no. 1, Dec. 2020, Doi: 10.1038/s41598-020-64571-7.

a.bg. P, Palit et al., “Repurposing Pitavastatin and L-Glutamine: Replenishing B-Cells in Hyperlipidemic Type 2
Diabetes Mouse Model,” Life, vol. 13, no. 4, Apr. 2023, Doi: 10.3390/life13040929.

"J. Kim, H. S. Lee, and K. Y. Lee, “Effect of statins on fasting glucose in non-diabetic individuals: Nationwide
population-based health examination in Korea,” Cardiovasc Diabetol, vol. 17, no. 1, Dec. 2018, Doi: 10.1186/512933-
018-0799-4.

"M. Hirano, K. Maeda, Y. Shitara, and Y. Sugiyama, “Drug-drug interaction between pitavastatin and various drugs via
OATP1B1,” Drug Metabolism and Disposition, vol. 34, no. 7, pp. 1229—1236, 2006, Doi: 10.1124/dmd.106.009290.
"A. Corsini and R. Ceska, “Drug drug interactions with statins: Will pitavastatin overcome the statins Achilles heel?”
Current Medical Research and Opinion, vol. 27, no. 8. pp. 1551-1562, Aug. 2011. Doi:
10.1185/03007995.2011.5894.33.

"K. A. Kellick, M. Bottorff, and P. P. Toth, “A clinician’s guide to statin drug-drug interactions,” J Clin Lipidol, vol. 8, no.
3 SUPPL, 2014, Doi: 10.1016/j.jacl.2014.02.010.

"M. Nunes, M. H. Abreu, C. Bartosch, and S. Ricardo, “Recycling the purpose of old drugs to treat ovarian cancer,”
International Journal of Molecular Sciences, vol. 21, no. 20. MDPI AG, pp. 1-24, Oct. 02, 2020. Doi:
10.3390/jjms21207768.

"T. Sanai and T. Ono, “Benefits and Adverse Effects of Statins, Atorvastatin Calcium Hydrate, Pitavastatin Calcium,
and Pravastatin Sodium, for Dyslipidemia in Patients on Haemodialysis,” J Metab Syndr, vol. 05, no. 02, 2016, Doi:
10.4172/2167-0943.1000202.

"M. Ohsawa et al., “Effects of pitavastatin add-on therapy on chronic kidney disease with albuminuria and
dyslipidemia,” Lipids Health Dis, vol. 14, no. 1, Dec. 2015, Doi: 10.1186/512944-015-0164-5.

"Y. H. Cheon et al., “Pitavastatin prevents ovariectomy-induced osteoporosis by regulating osteoclastic resorption and
osteoblastic formation,” Biomedicine and Pharmacotherapy, vol. 139, Jul. 2021, Doi: 10.1016/j.biopha.2021.111697.
"D. Piktel et al., “Chemotherapeutic Activity of Pitavastatin in Vincristine Resistant B-Cell Acute Lymphoblastic
Leukemia,” 2023, Doi: 10.3390/cancers.

"H. Ginsberg, “Statins in cardiometabolic disease: what makes pitavastatin different?” 2013. [Online]. Available:
http://www.cardiab.com/supplements/12/51/S1

"M. J. Jawad, S. Ibrahim, M. Kumar, C. Burgert, W. W. Li, and A. Richardson, “Identification of foods that affect the
anticancer activity of pitavastatin in cells,” Oncol Lett, vol. 23, no. 3, Mar. 2022, Doi: 10.3892/01.2022.13193.

"S. Haque, A. K. Mishra, and N. Kumar, “Effect of Pitavastatin and Gemfibrozil on Motor Coordination by using Rotarod
in Mice Atrticle in INTERNATIONAL JOURNAL OF TOXICOLOGICAL AND PHARMACOLOGICAL RESEARCH -
October 2022 CITATIONS 0 READS 28.” [Online]. Available: www.ijtor.com

"T. Teramoto, “Pitavastatin: Clinical effects from the LIVES Study,” Atheroscler Suppl, vol. 12, no. 3, pp. 285-288,
Nov. 2011, Doi: 10.1016/S1567-5688(11)70888-1.

"L. Ose, “Pitavastatin: Finding its place in therapy,” Therapeutic Advances in Chronic Disease, vol. 2, no. 2. pp. 101—

Qeios ID: FW9ZT3 - https://doi.org/10.32388/FW9ZT3 1112



Q Qeios, CC-BY 4.0 - Atrticle, February 23, 2024

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

117, 2011. Doi: 10.1177/2040622310389227.

"D. Nagayama, A. Saiki, and K. Shirai, “The anti-cancer effect of pitavastatin may be a drug-specific effect: Subgroup
analysis of the toho-lip study,” Vasc Health Risk Manag, vol. 17, pp. 169-173, 2021, Doi: 10.2147/VHRM.S306540.
"S. Ramkumar, A. Raghunath, and S. Raghunath, “Statin therapy: Review of safety and potential side effects,” Acta
Cardiologica Sinica, vol. 32, no. 6. Republic of China Society of Cardiology, pp. 631-639, Nov. 01, 2016. Doi:
10.6515/ACS20160611A.

"T. Matsumoto et al., “Pitavastatin-Incorporated Nanoparticles for Chronic Limb Threatening Ischemia: A Phase l/lla
Clinical Trial,” J Atheroscler Thromb, vol. 29, no. 5, pp. 731-746, 2022, Doi: 10.5551/jat.58941.

"L. R. Braun et al., “Effects of pitavastatin on insulin sensitivity and liver fat: A randomized clinical trial,” Journal of
Clinical Endocrinology and Metabolism, vol. 103, no. 11, pp. 4176-4186, 2018, Doi: 10.1210/jc.2018-01446.

"M. Moroi et al., “Outcome of pitavastatin versus atorvastatin therapy in patients with hypercholesterolemia at high risk
for atherosclerotic cardiovascular disease,” Int J Cardiol, vol. 305, pp. 139-146, Apr. 2020, Doi:
10.1016/.jjcard.2020.01.006.

"K. Takayama et al., “Effect of Pitavastatin on Preventing Ischemic Complications with Carotid Artery Stenting: A
Multicenter Prospective Study—EPOCH-CAS Study,” Cardiovasc Intervent Radiol, vol. 37, no. 6, pp. 1436—1443, Dec.
2014, Doi: 10.1007/500270-013-0813-x.

"A. M. Gotto and J. Moon, “Pitavastatin for the treatment of primary hyperlipidemia and mixed dyslipidemia,” Expert
Review of Cardiovascular Therapy, vol. 8, no. 8. Expert Reviews Ltd., pp. 1079—1090, 2010. Doi: 10.1586/erc.10.82.
"H. Fujino, T. Saito, S. Ogawa, and J. Kojima, “Transporter-mediated influx and efflux mechanisms of pitavastatin, a
new inhibitor of HMG-CoA reductase,” Journal of Pharmacy and Pharmacology, vol. 57, no. 10, pp. 1305-1311, Feb.
2010, Doi: 10.1211/jpp.57.10.0009.

"Y. Kameda et al., “Effects of pitavastatin on pressure overload-induced heart failure in mice,” Circulation Journal, vol.
76, no. 5, pp. 1159—-1168, 2012, Doi: 10.1258/circj. CJ-11-1114.

"L. M. Godfrey, J. Erramouspe, and K. W. Cleveland, “Les statins sont-elles vraiment tératogénes?” Annals of
Pharmacotherapy, vol. 46, no. 10, pp. 1419—1424, Oct. 2012, Doi: 10.1345/aph.1R202.

"M. Eriksson, D. Budinski, and N. Hounslow, “Comparative efficacy of pitavastatin and simvastatin in high-risk patients:
A randomized controlled trial,” Adv Ther, vol. 28, no. 9, pp. 811-823, Sep. 2011, Doi: 10.1007/512325-011-0056-7.
"K. Kishida, T. Funahashi, and I. Shimomura, “Effects of pitavastatin on HDL metabolism,” Clin Lipidol, vol. 8, no. 1,
pp. 55—68, Feb. 2013, Doi: 10.2217/clp.12.87.

"T. D. Filippatos and M. S. Elisaf, “Pitavastatin and carbohydrate metabolism: What is the evidence?” Expert Review of
Clinical Pharmacology, vol. 9, no. 7. Taylor and Francis Ltd, pp. 955-960, Jul. 02, 2016. Doi:
10.1586/17512433.2016.1165607.

Qeios ID: FW9ZT3 - https://doi.org/10.32388/FW9ZT3 12/12



	[Review Article] Pitavastatin: A Comprehensive Overview of its Mechanisms, Pharmacokinetics, Pharmacodynamics, and Adverse Effects
	Abstract
	1. Introduction
	2. Chemical Structure
	3. Pharmacodynamics of Pitavastatin
	3.1. Mechanism of Action
	3.2. Other Effects

	4. Pharmacokinetics of Pitavastatin
	4.1. Absorption and Distribution
	4.2. Metabolism and Excretion

	5. Lipid Lowering Agents
	5.1. Patients with Dyslipidaemia
	5.2. Patients with Diabetes

	6. Drug Interaction
	7. Other Side Effects
	8. Discussions
	9. Conclusions
	Statements and Declarations
	Ethics Approval and Consent to Participate
	Consent for Publication
	Funding
	Declaration of competing interest
	Authors' contributions
	Acknowledgments

	References


