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Introduction

The Central Brain Tumor Registry (USA) has estimated global incidence of primary brain tumors to be about 256,213 in 2012, which 
increased to 26,070 in 2017. Furthermore, the incidence of secondary (metastatic) brain tumors will be nearly 10-fold higher than the 
primary brain tumors. Majority of brain tumor patients have very short life expectancy (1 year) even after receiving brain radiation and/
or surgical resection [1]. Glioma, specifically glioblastoma multiforme (GBM) is a deadly form of brain tumor and its management is ex-
tremely difficult because of heterogeneity, chemo resistance followed by inadequate delivery of anticancer drugs due to P-glycoprotein 
(PgP) transport pumps expression on tumor cells as well as in blood brain tumor barrier (BTB). BBB is a physical and biological barrier 
consisting of endothelial cells (ECs), tight junction proteins (TJp) connecting the ECs, glial, pericytes, and astrocytic foot processes allows 
essential nutrients, such as glucose and amino acids through receptor mediated endocytosis to maintain vital brain functions. The nutri-
ents and most anticancer drugs (except lipohilic drug entities) that are generally water soluble (hydrophilic) require carrier-mediated 
transport, receptor-mediated transcytosis and absorptive-mediated transcytosis to enter the brain cells (Figure 1). Studies have shown 
that BBB obstructs delivery of over 98% of CNS drugs [2]. Hence, various methods are employed to get around the physiological barrier 
posed by the blood-brain tumor barrier (BTB), including inhibiting PgP proteins. 

Elacridar (N-(4-(2-(1,2,3,4-tetrahydro-6,7-dimethoxy-2-isoquinolinyl)ethyl)phenyl)-9,10-dihydro-5-methoxy- 9-oxo-4-acridine 
carboxamide) is a potent inhibitor of P-glycoprotein (PgP) and breast cancer resistance protein (BCRP). It has been investigated as 
modulator of efflux transporters, which are shown to be very active in various cancers. The PgP is over expressed on tumor cells and 
plays a key role cancer resistance to anti-cancer drugs, specifically chemotherapeutics that are thrown out of the tumor cells making 
them ineffective over time. Researchers are investigating whether inhibiting the PgP may shut down efflux pumps, particularly on 
cancer cells, thus facilitating entry of drug in cancer cells leading to selective damage to cancer cells rather than normal cells. Elacri-
dar, one such PgP pump inhibitor holds promise as an adjuvant in cancer therapy since clinical trials are underway to test its safety 
and efficacy in humans. This short review will address very specifically the prospect of using elacridar as adjuvant with anticancer 
drugs to brain tumors. Since Blood Brain Barrier (BBB) and Brain Tumor Barrier (BTB) pose hurdles to anticancer drug delivery 
and their reverse transport possibly due to efflux transport proteins on BTB. This review elucidates ongoing research on elacridar 
delivery across BBB/BTB, and the drug’s safety, efficacy and toxicity. We further seek to present evidence that PgP modulators along 
with BTB permeabilizing agents such as potassium channel activators can be clinically developed as adjuvants with anticancer drugs. 

Abbreviations

BBB: Blood-Brain Barrier; BTB: Blood-Tumor Barrier; BBKCa: Large Conductance Calcium Activated Potassium  Channels; PgP: P-
glycoprotein, MRI: Magnetic Resonance Imaging
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BBB/BTB and Drug Delivery

Most anti-cancer drugs generally fail to cross the BTB in sufficient quantities. The invading glioma cells in the tumor edges are ideal 
targets for anti-cancer agents due to the presence of unique gene/protein expression pattern [3]. Several promising anticancer drugs are 
effective against cancers outside the brain but fail against brain tumors in clinical trials, in part due to poor BTB penetration. For instance, 
Gleevec (Novartis, USA) is ineffective against brain tumors since it hardly crosses BTB, but has demonstrated efficacy in patients with 
chronic myelogenous leukemia and gastrointestinal stromal tumor [4]. Similarly, invading edges of brain tumor are not clearly detected 
by imaging agents as the agents do not penetrate intact BTB easily [5,6]. In order to develop methods for increasing delivery of new wave 
of targeted drug entities referred as nanomedicines to brain tumor, we need to have precise understanding of the basics of BBB and BTB 
biology and their permeability and efflux regulation.

Figure 1: Cross sections of major constituents of normal brain capillary (NBC) and brain tumor capillary (BTC) 
compared with systemic blood capillary (SC). 

Glioma treatment

Conventional diagnosis and treatment are not successful in reducing glioma patient mortality. Further, low penetration of anticancer 
drugs across BTB makes the treatment very difficult. Complete excision of diffused gliomas is nearly impossible partly due to low detec-
tion by CT and MRI as the imaging agents do not fully penetrate the intact BBB at the tumor edges. In order to address this issue, we 
biochemically modulated BTB to increase permeability to drug and imaging agents, selectively to brain tumors in experimental glioma 
models [5]. 

Elacridar- Research and Development

Elacridar development as a clinical drug candidate has been well reviewed elsewhere [7], which documents drug transporter families, 
including PgP and BCAR. There is extensive discussion on ADME, PK-PD and translational aspect in drug discovery and development of 
these classes of PgP inhibitors.

Many studies have shown that elacridar is a potent inhibitor of PgP and breast cancer resistance proteins (BCRP) [8,9] and have 
described elacridar as a multidrug resistance-reversal drug that restored sensitivity of multidrug-resistant tumors to doxorubicin. A re-
cent animal study reported brain distribution and bioavailability of elacridar after different routes of administration [10]. It was shown 
with different routes of elacridar administration that the brain-to-plasma partition coefficient of elacridar increased as plasma exposure 
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Hence, drug delivery strategies must involve understanding of these BBB/BTB constituents and their interaction with tumor cells, 
as well. The BTB around the tumor allow very little while mostly throwing out anticancer drugs by efflux mechanism, including small 
molecules and therapeutic monoclonal antibodies (MAbs) back to the circulation. Researchers are working on variety of carriers such 
as nanomedicines and nanospheres that might penetrate BTB. Such nanomedicines armed with targeted drugs are expected to supple-
ment conventional chemotherapy and radiotherapy. Development of nanomedicines for treatment of cancer is defined by their penetra-
tion across BTB vasculature that surrounds the tumor. Further nanomedicines’ retention in tumor cells without being expelled by multi 
drug resistant P-glycoprotein (PgP) efflux system (Figure 2) determines their efficacy. Recent success in controlling cancer by targeting 
tumor and tumor blood vessel-specific marker(s) has renewed interest in development of more precise and less toxic anticancer drugs 
[28]. More research is required to investigate how to increase tumor-specific drug delivery, improve bioavailability of cytotoxic agents to 
neoplasms, and at the same time minimize toxicity to normal tissues. Due to advances in personalized therapy, more targeted drugs like 
cetuximab (Erbitux®), and therapeutic MAbs like Herceptin, ABX-EGF, EMD 720000 and h-R3 are shown to be effective in treating cancers 
outside of brain. However, they fail to control brain tumors because they fail to cross BTB in adequate quantity. These targeted antican-
cer drugs are ineffective to block epidermal growth factor receptors (EGFR), which are often amplified and mutated in human gliomas. 
Despite evidence of ‘leaky’ tumor centre, the capillaries surrounding the proliferating glioma as well as the brain tissue surrounding the 
tumor are nearly as impermeable as the BBB [29]. It is incorrect to assume that the disrupted BBB facilitates drug delivery to gliomas 
because diffuse tumor-cell invasion is a hallmark of even low-grade gliomas. Hence, understanding the biochemical regulation of the BBB 
in its normal and abnormal state (BTB) is of great importance as efforts continue to deliver therapeutic compounds to brain tumors. 

increased, suggesting saturation of efflux transporters at BBB. The role of P-gP and BCRP in limiting the distribution of substrate drugs 
across BBB has been examined using elacridar as a dual inhibitor of both P-gP and BCRP. Drugs such as morphine and amprenavir were 
shown to be at higher levels in brain after coadministration with Elacridar [11,12]. Furthermore, elacridar increased brain distribution 
of several tyrosine kinase inhibitors (TKIs) including imatinib, dasatinib, gefitinib, sorafenib, and sunitinib [13-19]. Studies in mice have 
shown that P-gP and BCRP at the BBB limits brain penetration of sunitinib and its active metabolite, however, oral administration of elac-
ridar improved brain penetration of sunitinib [19,20]. 

Furthermore, preclinical studies have shown that paclitaxel penetration was improved by coadministration of elacridar or tariquidar 
in brain tumor [21]. These studies further advances the claim that elacridar can be clinically useful in delivering and retention of antican-
cer drugs across BTB for better control of brain tumors. 

Chronic administration of elacridar poses many hurdles, including formulation due to its unfavorable physicochemical properties. 
Elacridar is extremely lipophilic making it insoluble in water and poorly soluble in most other aqueous solvents [22]. Preclinical studies 
have shown the variability in plasma and tissue concentrations. Even clinical trials found inter-subject variability after oral dosing [23]. 
With respect to brain tumors, its availability in brain tumors and its ability to shut down PgP is the key to its development as adjuvant with 
anticancer drugs. In this regard, elacridar brain penetration in mice was dose-dependent and affected by the P-gP and BCRP at the BBB as 
shown by positron emission tomographic imaging [24,25]. Therefore, its versatile clinical candidacy as adjuvant in brain tumor treatment 
is hampered by its unpredictable adsorption and elimination as shown in both preclinical models and clinical applications. Furthermore, 
careful elucidation of elacridar BTB penetration mechanism and its distribution in brain tumors when coadministered with anticancer 
drugs, including monoclonal antibodies (MAbs) and nanomedicines is critical.

In addition, co-administration of elacridar with anticancer drugs that are substrates for P-gP and BCRP might improve its BTB penetra-
tion for better efficacy. As the brain tumor is heterogeneous with uneven BTB permeability [26] across the tumor spread (metastatic brain 
tumors), it may throw an uncertain pharmacokinetic challenge with uneven spread of target tumor cells. Nevertheless, safe and effica-
cious elacridar is what we need at the moment if we need to control brain tumor growth by targeting tumor cells that express BCRP and 
PgP. Major concern in glioma therapy is tumor resistance to chemotherapy, partly due to their insufficient delivery and lack of retention 
in tumor cells [27]. Major interest with this strategy will be the efficient use of targeted therapies such as Herceptin, TRKIs and emerging 
nanomedicines that have shown promise in peripheral cancers while failing in controlling brain tumors due to reasons discussed above. 
Added advantage of improved delivery and longer retention of anticancer therapies is the potential use of low doses and milder neuro/
peripheral toxicity. 

PgP efflux inhibition -Opportunity and Scientific Knowledge Gap

Drug delivery research has focused on several innovative methods (Figure 2), including nanoparticles [30], microparticles as carriers 
of anticancer agents, PEG technology, encapsulating anticancer drugs in liposomes, and MAbs for the delivery of anticancer payloads [31]. 
One area of research has focused on brain microvascular endothelial cells (BMVEC) and pericytes, which are major components of the 
neurovascular unit. However, many issues that are related to BMVEC are still not well understood, including gene and transporter protein 
profiling in normal brain and brain tumor capillary endothelial cells [32]. Research in this field is hampered due to the complexities that 
are involved in isolating pure BMVEC devoid of pericytes, neurons and tumor cell populations, as well as due to differences between and 
within brain tumors. For instance, significant differences were found between normal human brain and brain tumor capillaries, including 
differential expression of large conductance calcium activated potassium (BBKCa) channels [33,34] and ATP-sensitive potassium (KATP) 
channels [35]. Recent progress in the molecular targeting of tumor-specific antigens with specific agents, however, can be exploited by 
identifying additional novel targets for modulating BTB permeability. Studies in our laboratory are investigating whether there are any 
significant differences in the expression levels of certain genes and proteins between normal and brain tumor capillary endothelial cells. 

The challenge posed by metastatic brain tumors is more complex. The BTB capillaries surrounding “tiny islets” of metastatic tumors 
have intact BBB to prevent adequate delivery of most anticancer drugs. Recent advances in biologics as targeted and safer anticancer 
drugs has added urgency to solve the drug delivery problem to metastatic breast cancer that typically arise due to inefficient treatment 



39

Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and Toxicity

Citation: Nagendra Ningara., et al. “Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and  
Toxicity”.  EC Pharmacology and Toxicology 6.1 (2018): 36-44.

Figure 2: Ways to by-pass the BBB/ BTB to deliver anticancer drugs to tumor cells.

Functional potassium channels on BTB

Several researchers including us have shown the importance of ion channels on BTB permeability regulation and their role in anti-
cancer drug delivery [33-36,38]. We recently reviewed the role of BTB- associated ion channels in increasing the BTB permeability for 
delivering therapeutic, prophylactic and diagnostic agents to brain tumors [39]. We showed that BTB can be modulated to increase de-
livery of combination of drugs: trastuzumab with temozolomide in glioma models [35]. The underlying mechanism is not completely un-
derstood, but it involves formation of brain vascular endothelial transcytotic vesicles to facilitate transport of the drugs as demonstrated 
by us earlier. Recently, we described the role of BKCa and KATP channels in brain tumor cell growth. We also showed that modulators 
of BKCa and KATP channels may be utilized to enhance the delivery of anti-neoplastic drugs and imaging agents to glioma cells in brain 
tumor models [39].

of systemic breast cancers [36,37]. For e.g. Herceptin targeting epidermal growth factor receptor -2 (EGFR-2/ Her-2 neu) in brain tumors 
are mostly water soluble and big, hampering their delivery to brain tumors. Her-2 -positive breast cancer cells are sensitive to Herceptin 
while metastatic cancer cells in brain are usually non-responsive to the drug. Most studies indicate that this ineffectiveness of Herceptin 
to target cancer cells in the brain is due to inadequate delivery across the BTB. In this regard, our work showed that delivery of Herceptin 
across the BTB in rat glioma models is increased by activating BKCa and KATP channels. We biochemically opened the BTB with BKCa 
and KATP channel agonists, NS1619 and Minoxidil sulfate, respectively to deliver Herceptin to metastatic breast cancer in brain [33-35]. 

The KATP channels couple intracellular metabolic changes to the electrical activity of the plasma membrane to regulate cerebral 
vascular tone and to control relaxation of cerebral vessels in response to diverse stimuli, including vasomodulators, in both normal and 
disease state. These channels, are composed of pore forming (inward-rectifying Kir 6.1 or 6.2) and sulfonylurea receptor subunits [40]. 
These channels are widely distributed in a variety of tissues and cell types including human aorta and brain microvascular endothelial 
cells. Activation of these channels produces hyperpolarization, relaxation and dilatation of cerebral arteries in humans. Sulfonylurea 
analogs, minoxidil sulfate, pinacidil, cromakalim, and diazoxide, stimulate KATP channels. These channels are over-expressed on both 
glioma cells and tumor microvessels. In human gliomas, we showed differential expression of KATP channels at both post-transcriptional 
(mRNA) and post-translational (protein) levels. We also showed the co-localization of KATP channels in normal and tumor brain micro-
capillary endothelium (using endothelial cell-specific von Willebrand Factor antibody) and tumor cells. These observations are crucial 
in that over-expressed KATP channels in the tumor, capillary endothelium and/or tumor cells could be potential targets for opening BTB 
with known and novel KATP channel agonists. We showed that MS-mediated biochemical modulation significantly increases BTB perme-
ability of temozolomide (TMZ), selectively to brain tumor and brain tissue surrounding tumor, which represents proliferating edge of 
tumor where the BTB may be intact [35]. KATP channel modulation does not require any modifications to the drug being delivered and 
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In smaller aggregates of glioma cells, the disruption of BTB is less significant. Therefore, a smaller amount of drug reaches these “so-
called” microsatellites allowing them to develop resistance, grow, develop neovasculature structures, and ultimately reach a clinically sig-
nificant size. A number of studies investigated levels of chemotherapy agents in brain tissues including etoposide, cisplatin, vinorelbine, 
and mitoxantrone, and found higher levels at sites of larger tumors than in neighboring tissues [42]. Previous studies have achieved some 
success in drug delivery, but the toxicities are significant and insufficient drug retention due to rapid efflux of drugs via PgP complex. PgP 
is expressed in high levels both in cultured brain capillary ECs and in intact brain capillaries [43]. It is localized at the luminal surface of 
the endothelium, and therefore is in the right location to restrict permeation of a variety of drugs into the brain [38,40]. Taxol (paclitaxel) 
and its derivatives are active against various cancers [44] but the therapeutic benefit of paclitaxel has been variable and low in brain tu-
mors. This could be attributed to their limited entry into the brain and higher efflux by PgP [45]. The agents tested clinically to inhibit PgP 
include quinidine, cyclosporine, PSC-833 (valspodar) and GF120918 (elacridar) [46].

Drug Delivery to Gliomas and its microsatellites 

Overall, chemotherapy has traditionally played only a salvage role for glioma when all other treatments have failed [48]. In contrast, 
research that specifically focuses on systemic options such as administration of paclitaxel and cetuximab with PgP inhibitor (elacridar) 
to block efflux pathways specific to brain and also on novel BTB modulation technique to increase drug delivery, will increase treatment 
options for glioma patients.

can deliver multiple drugs selectively to tumor, an important consideration as most glioma patients are treated with multiple drug combi-
nations. The duration of opening of BTB can be tightly controlled and the effect can be achieved with a simple i.v. infusion or “Trojan horse” 
approaches [41] or employing PgP inhibitors [42]. Increasing evidence suggests that brain tumor vascular endothelial cells overexpress 
PgP transport proteins and ion channels, which play an important role in modulating endothelial cell functions including in BTB perme-
ability regulation (Figure 2). 

The activation of KATP channels by MS may selectively increase paclitaxel and cetuximab delivery while PgP inhibitor elacridar helps 
to retain paclitaxel longer in gliomas and induce tumor cell death. Preclinical translational studies are warranted to determine whether 
enhanced and selective delivery of anticancer drugs and prolonged retention in glioma cells due to PgP inhibition can be achieved. Pacli-
taxel and cetuximab that are effective against cancers outside the brain may be co-administered with MS and elacridar in human glioma 
mouse models. Such studies are pivotal in the design of future clinical studies aimed at promoting increased drug delivery and retention 
in human gliomas, and controlling tumor growth.

Active efflux transporters at the BTB, such as multi drug resistant P-glycoprotein (PgP), which actively exports the drug from the brain 
to the blood, play a major role in restricting drug transport across the BTB. Drug delivery to gliomas presents a formidable clinical chal-
lenge because PgP limits the penetration and accumulation of chemotherapeutics in cancer cells (Figure 2). There is ample evidence for 
the presence and critical role of PgP in clinical resistance to chemotherapy in primary brain tumors [43]. Although taxol and many anti-
cancer agents are highly lipophilic, they barely cross the BTB, largely due to active efflux by PgP [44,45]. The amount of drug that reaches 
at the tumor site depends on BTB permeability, which varies considerably among brain tumor patients [47]. Drug concentrations in brain 
tissue usually drop with increasing distance from tumor core, and thus the drug concentration is fairly low in the peripheral parts of the 
tumor where tumor cells infiltrate normal brain. In these areas, where tumor proliferation is most rapid, BTB is relatively intact. Novel ap-
proaches for effective delivery anticancer agents as nanomedicines should circumvent PgP mediated efflux to bypass BTB. Such nanomed-
icines provide neuro-oncologists precision anticancer agents for effective treatment of gliomas thereby increasing patient survival rates.

Challenges of Efflux Mechanism to Drug Delivery

Generally, chemotherapy that does not pass intact BTB is of little value in treatment of gliomas. The significance of research investi-
gating site-specific drug delivery to gliomas by biochemical modulation of BTB will be huge. The strategy to increase drug delivery and 
retention of drug in glioma by inhibiting PgP mediated efflux is also key in controlling tumor growth. Not only does this improve the bio-
availability of drugs selectively in tumor cells thus reducing drug dosing but also would minimize toxicity in normal tissues. The increased 
delivery and retention of paclitaxel and cetuximab in the gliomas may affect several signaling molecules. Besides the known protein 
targets for these drugs, there may be additional biomolecules affected by such targeted therapies, which can be identified by MALDI-MS/
TOF protein profiling studies. We hope such data will be useful in identifying sets of protein biomarkers that are predictive of early tumor 
response to targeted anticancer therapy.

Glioma and Elacridar: Impact on Brain tumor patients 

Gliomas strike children as well as adults; however, older individuals are at higher risk of developing brain tumors. It does not discrimi-
nate among genders and severely affects quality-of-life with debilitating neurological symptoms. Gliomas have been one of the most dev-
astating cancers because they are highly difficult to treat. Furthermore, glioma patients die within 1 - 2 years of initial diagnosis costing 
human lives. Unlike systemic cancers, gliomas grow in the limited intracranial space by invading and destroying the normal brain cells. 
A glioma tumor is particularly damaging because it tends to quickly sprout and spread within the brain and develop in to a high grade 
glioblastoma multiforme (GBM), which has the worst prognosis. 

Present status of Elacridar: Due to toxicity and differences in PgP expression and function in various cancers, the clinical trials to de-
velop PgP inhibitor for reversing resistance to chemotherapy appear to have been stalled due to persisting toxicity profiles of anticancer 
drugs. However, PgP function and expression are also associated with physiological and pathophysiological conditions of Alzheimer’s 
disease. It could become a new therapeutic target for treatment of Alzheimer’s disease. 
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The application of nanotechnology using nanoparticles for increasing drug delivery across BBB has been recently reviewed by Zhang 
and coworkers [49]. Figure 2 summarizes the innovative ideas being studied in laboratories across the world to deliver nanomedicines 
and nanoparticles that carry payloads of nanoimaging molecules or targeted therapies for better BBB penetration in order efficiently 
detect and treat tumors. Nanoparticles have been developed that are able to carry therapeutics across the BBB [48]. Nanoparticle-tagged 
drugs have some advantages. They may be administered intracerebrally to release drugs in a sustained manner and prevent degradation 
when administered systemically. To improve drug targeting, some researchers have encapsulated doxorubicin in nanoparticles, which 
are readily taken up by the BBB/BTB endothelium. Such encapsulation may also prevent drug being effluxed by the endothelial efflux 
system. EL Amrawy and coworkers [30] have extensively reviewed on noninvasive treatment of glioblastoma and other brain tumors us-
ing several technologies and patent applications from 2010-15. Malatestat and coworkers [50] showed that chitosan nanoparticles can 
deliver a hypometabolizing synthetic opioid, D-Ala2- D-Leu5-enkephalin across BBB and release drugs in the brain. They concluded that 
intensive research efforts are necessary to develop novel CNS delivery systems that can be used in clinics. Few laboratories have devel-
oped nanomedicine techniques employing liposomal and polymeric nanoparticles to deliver drugs to brain tumors [51,52]. Biodegrad-
able polymer-based nanoparticles and gold nanoparticles have shown greater promise for carrying drugs across the BTB to treat glioma 
[53]. Specifically, gold nanoparticles permeate BBB through endothelial cells [48]. Similarly, Jensen and coworkers [54] showed BBB pen-
etration of RNA interference-based gold nanoparticles following systemic injection. These findings suggest that the nanoparticle-based 
delivery systems hold great promise in improving specific and efficient intracerebral delivery of anti-cancer drugs for the treatment of 
glioma [52,53,55]. Interestingly, nano particles are often integrated with techniques such as hyperthermia or a molecular “Trojan horse”, 
discussed to improve delivery of anticancer drugs [52]. Nanospheres ranging in size from 1 - 100 nm, have shown better binding capac-
ity for specific molecules, allowing varied surface modification and multivalent binding of targets. Hence, they have new applications in 
molecular imaging and nanomedicines [53,55-59]. A greater emphasis is given to build nanospheres with their payload- therapeutics or 
imaging agents or combination of both that can penetrate BTB and retained in tumor tissue without being ejected by efflux pumps [45]. 
Nanostructures of 100 nm diameter whose surface charge and flexibility may be modified to allow increased nanostructure biodistribu-
tion [59,60] could be developed for the above purpose. Such flexible nanospheres may be labeled with a radionuclide to develop molecu-
lar imaging probes using PET or SPECT. The two major strategies for labeling nuclides onto nanostructures depend on whether or not 
chelating agents are used. Few studies have shown the chelation free labeling methods by combining nanoparticles such as gold nanopar-
ticles, carbon-based nanomaterials, and quantum dots [53,55-60], through a chelating agent, such as DOTA and NOTA. DOTA now has the 
FDA approval for human application. Recent article has reviewed chelating agent-mediated nanostructures such as gold nanostructures 
(colloidal gold nanoparticles (AuNPs) with biomolecules (e.g. DNA and peptides) and 64Cu-chelated AuNS that showed better penetration 
and accumulation in squamous cell carcinoma region.

Nanotechnology combined with prolonged drug retention in Brain tumors 

Moreover, molecular targeting with anticancer drugs by themselves or tagged/encapsulated with nanostructures/nanospheres might 
allow good BTB penetration to reach tumor tissue (Figure 2). Several translational studies have shown that nanospheres tagged with 
anticancer drugs have overcome BTB problem but more clinical studies are needed to develop this strategy as a clinical tool. 

Conclusion

Brain tumors, specifically gliomas are mutagenic cancers [61] requiring varied strategies to develop targeted drugs and how to deliver 
them specifically to cancer cells in the brain. Recent works on BBB and BTB permeability regulation have increased our understanding 
of molecular events and mechanisms that regulate permeability to various agents including therapeutic and imaging molecules. We are 
seeing an essential shift in brain tumor treatment. Brain tumor genomics and advent of personalized medicine have also contributed to 
an improved brain tumor treatment strategies. Despite ground breaking research on gliomas, mortality rate of GBM is still stubbornly 
high. Timely therapeutic intervention with highly targeted drug delivery by enhancing and retaining anticancer drugs might improve 
brain tumor patients’ survival rate. These novel technologies might block brain tumor growth and its spread. Without doubt, discovery 
of nanomedicines, nanospheres that carry a payload of anticancer drugs combined with radio therapies are expected to improve the di-
agnoses and prognoses of brain tumors in the present decade. Once we know how BBB/BTB function, researchers will have a better tool 
to manipulate their permeability to gain control over tumor growth and dispersion in brain. Towards this goal, we have employed certain 
vasomodulators, such as potassium channel antagonists for targeted and enhanced delivery of chemotherapeutics selectively to brain 
tumor in rodents and Bradykinin (BK) or its analog, RMP-7 in humans [1]. BTB modulation should help deliver small- to large-sized sub-
stances, including contrast-enhancing agents, nanomedicines, antitumor compounds, therapeutic proteins and viral vectors, all of which 
can be encapsulated with newer delivery vehicles including nanospheres. Further, the non-invasive biochemical approach to enhance BTB 
permeability (Figure 2) along with coadministration of PgP inhibitor such as Elacridar has an advantage because the therapeutic drugs 
are delivered directly to brain tumors and retained longer to kill cancer cells without affecting normal brain.

Acknowledgements

The authors thank Scintilla Bio-MARC, Bangalore, India, Anderson Cancer Institute and Mercer University Medical Center, Savannah, 
GA, USA, Vanderbilt Ingram Cancer Center, Nashville, TN, USA, Cedars Sinai Medical Center, Los Angeles, CA, USA and American Cancer 
Society, USA, Georgia Cancer Coalition, Atlanta, GA, USA and NIH for research grant support. 



42

Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and Toxicity

Citation: Nagendra Ningara., et al. “Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and  
Toxicity”.  EC Pharmacology and Toxicology 6.1 (2018): 36-44.

Bibliography

The authors have no potential conflict of interest.

Conflict of Interest

1.	 Black Keith L and Nagendra S Ningaraj. “Modulation of brain tumor capillaries for enhanced drug delivery selectively to brain tumor”. 
Cancer Control 11.3 (2004): 165-173.

2.	 Pardridge William M. “Brain drug targeting: the future of brain drug development”. Cambridge University Press (2001).

3.	 Ningaraj Nagendra S. “Drug delivery to brain tumours: challenges and progress”. Expert Opinion on Drug Delivery 3.4 (2006): 499-509.

4.	 Leis Jose F., et al. “Central nervous system failure in patients with chronic myelogenous leukemia lymphoid blast crisis and Philadel-
phia chromosome positive acute lymphoblastic leukemia treated with imatinib (STI-571)”. Leukemia and Lymphoma 45.4 (2004): 
695-698.

5.	 Ningaraj Nagendra S., et al. “Calcium-dependent potassium channels as a target protein for modulation of the blood-brain tumor bar-
rier”. Drug News and Perspectives 16.5 (2003): 291-298.

6.	 Emrich Jacqueline G., et al. “Radioiodinated (I-125) monoclonal antibody 425 in the treatment of high grade glioma patients: ten-year 
synopsis of a novel treatment”. American Journal of Clinical Oncology 25.6 (2002): 541-546.

7.	 Lai Yurong. “Transporters in Drug Discovery and Development: Detailed Concepts and Best Practice”. Woodhead Publishing (2014).

8.	 Witherspoon Samuel M., et al. “Flow cytometric assay of modulation of P-glycoprotein function in whole blood by the multidrug re-
sistance inhibitor GG918”. Clinical Cancer Research 2.1 (1996): 7-12.

9.	 Hyafil François., et al. “In vitro and in vivo reversal of multidrug resistance by GF120918, an acridonecarboxamide derivative”. Cancer 
Research 53.19 (1993): 4595-4602.

10.	 Sane Ramola Sagar Agarwal and William F Elmquist. “Brain distribution and bioavailability of elacridar after different routes of ad-
ministration in the mouse”. Drug Metabolism and Disposition 40.8 (2012): 1612-1619.

11.	 Letrent Stephen P., et al. “Effect of GF120918, a potent P-glycoprotein inhibitor, on morphine pharmacokinetics and pharmacodynam-
ics in the rat”. Pharmaceutical Research 15.4 (1998): 599-605.

12.	 Edwards Jeffrey E., et al. “GF120918, a P-glycoprotein modulator, increases the concentration of unbound amprenavir in the central 
nervous system in rats”. Antimicrobial Agents and Chemotherapy 46.7 (2002): 2284-2286.

13.	 Bihorel Sébastien, et al. “Influence of breast cancer resistance protein (Abcg2) and p-glycoprotein (Abcb1a) on the transport of ima-
tinib mesylate (Gleevec) across the mouse blood-brain barrier”. Journal of Neurochemistry 102.6 (2007): 1749-1757.

14.	 Chen Ying, et al. “P-glycoprotein and breast cancer resistance protein influence brain distribution of dasatinib”. Journal of Pharmacol-
ogy and Experimental Therapeutics 330.3 (2009): 956-963.

15.	 Lagas Jurjen S., et al. “Brain accumulation of dasatinib is restricted by P-glycoprotein (ABCB1) and breast cancer resistance protein 
(ABCG2) and can be enhanced by elacridar treatment”. Clinical Cancer Research 15.7 (2009): 2344-2351.

16.	 Lagas Jurjen S., et al. “Breast cancer resistance protein and P-glycoprotein limit sorafenib brain accumulation”. Molecular Cancer 
Therapeutics 9.2 (2010): 319-326.

17.	 Agarwal Sagar., et al. “Distribution of gefitinib to the brain is limited by P-glycoprotein (ABCB1) and breast cancer resistance protein 
(ABCG2)-mediated active efflux”. Journal of Pharmacology and Experimental Therapeutics 334.1 (2010): 147-155.

18.	 Agarwal Sagar et al. “The role of the breast cancer resistance protein (ABCG2) in the distribution of sorafenib to the brain”. Journal of 
Pharmacology and Experimental Therapeutics 336.1 (2011): 223-233.

19.	 Tang Seng Chuan., et al. “Brain accumulation of sunitinib is restricted by P‐glycoprotein (ABCB1) and breast cancer resistance protein 
(ABCG2) and can be enhanced by oral elacridar and sunitinib coadministration”. International Journal of Cancer 130.1 (2012): 223-
233.

20.	 Tang Seng Chuan., et al. “P-glycoprotein (ABCB1) and breast cancer resistance protein (ABCG2) restrict brain accumulation of the 
active sunitinib metabolite N-desethyl sunitinib”. Journal of Pharmacology and Experimental Therapeutics 341.1 (2012): 164-173.

21.	 Hubensack Martina., et al. “Effect of the ABCB1 modulators elacridar and tariquidar on the distribution of paclitaxel in nude mice”. 
Journal of Cancer Research and Clinical Oncology 134.5 (2008): 597-607.

22.	 Padowski Jeannie M and Gary M Pollack. “Examination of the ability of the nasal administration route to confer a brain exposure ad-
vantage for three chemical inhibitors of P‐glycoprotein”. Journal of Pharmaceutical Sciences 99.7 (2010): 3226-3233.

23.	 Planting A S T., et al. “A phase I and pharmacologic study of the MDR converter GF120918 in combination with doxorubicin in patients 
with advanced solid tumors”. Cancer Chemotherapy and Pharmacology 55.1 (2005): 91-99.

https://www.ncbi.nlm.nih.gov/pubmed/15153840
https://www.ncbi.nlm.nih.gov/pubmed/15153840
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj-v_GPsZ3YAhUMuI8KHT7-Ai0QFggmMAA&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC1769598%2F&usg=AOvVaw3eVqAixvGhFEofdUhcQ4Eb
https://www.ncbi.nlm.nih.gov/pubmed/16822225
https://www.ncbi.nlm.nih.gov/pubmed/15160941
https://www.ncbi.nlm.nih.gov/pubmed/15160941
https://www.ncbi.nlm.nih.gov/pubmed/15160941
https://www.ncbi.nlm.nih.gov/pubmed/12942160
https://www.ncbi.nlm.nih.gov/pubmed/12942160
https://www.ncbi.nlm.nih.gov/pubmed/12477994
https://www.ncbi.nlm.nih.gov/pubmed/12477994
https://www.sciencedirect.com/science/book/9781907568213
https://www.ncbi.nlm.nih.gov/pubmed/9816083
https://www.ncbi.nlm.nih.gov/pubmed/9816083
http://cancerres.aacrjournals.org/content/canres/53/19/4595.full.pdf
http://cancerres.aacrjournals.org/content/canres/53/19/4595.full.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22611067
https://www.ncbi.nlm.nih.gov/pubmed/22611067
https://www.ncbi.nlm.nih.gov/pubmed/9587957
https://www.ncbi.nlm.nih.gov/pubmed/9587957
https://www.ncbi.nlm.nih.gov/pubmed/12069991
https://www.ncbi.nlm.nih.gov/pubmed/12069991
https://www.ncbi.nlm.nih.gov/pubmed/17696988
https://www.ncbi.nlm.nih.gov/pubmed/17696988
https://www.ncbi.nlm.nih.gov/pubmed/19491323
https://www.ncbi.nlm.nih.gov/pubmed/19491323
https://www.ncbi.nlm.nih.gov/pubmed/19276246
https://www.ncbi.nlm.nih.gov/pubmed/19276246
https://www.ncbi.nlm.nih.gov/pubmed/20103600
https://www.ncbi.nlm.nih.gov/pubmed/20103600
https://www.ncbi.nlm.nih.gov/pubmed/20421331
https://www.ncbi.nlm.nih.gov/pubmed/20421331
https://www.ncbi.nlm.nih.gov/pubmed/20952483
https://www.ncbi.nlm.nih.gov/pubmed/20952483
https://www.ncbi.nlm.nih.gov/pubmed/21351087
https://www.ncbi.nlm.nih.gov/pubmed/21351087
https://www.ncbi.nlm.nih.gov/pubmed/21351087
https://www.ncbi.nlm.nih.gov/pubmed/22238213
https://www.ncbi.nlm.nih.gov/pubmed/22238213
https://www.ncbi.nlm.nih.gov/pubmed/17932689
https://www.ncbi.nlm.nih.gov/pubmed/17932689
https://www.ncbi.nlm.nih.gov/pubmed/20127824
https://www.ncbi.nlm.nih.gov/pubmed/20127824
https://www.ncbi.nlm.nih.gov/pubmed/15565444
https://www.ncbi.nlm.nih.gov/pubmed/15565444


43

Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and Toxicity

Citation: Nagendra Ningara., et al. “Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and  
Toxicity”.  EC Pharmacology and Toxicology 6.1 (2018): 36-44.

24.	 Kawamura Kazunori., et al. “Synthesis and in vivo evaluation of 18 F-fluoroethyl GF120918 and XR9576 as positron emission to-
mography probes for assessing the function of drug efflux transporters”. Bioorganic and Medicinal Chemistry 19.2 (2011): 861-870.

25.	 Kawamura Kazunori., et al. “Evaluation of limiting brain penetration related to P-glycoprotein and breast cancer resistance protein 
using 11C. GF120918 by PET in mice”. Molecular Imaging and Biology 13.1 (2011): 152-160.

26.	 Agarwal Sagar, et al. “Delivery of molecularly targeted therapy to malignant glioma, a disease of the whole brain”. Expert Reviews in 
Molecular Medicine 13 (2011): e17.

27.	 Lu Chen and Amal Shervington. “Chemoresistance in gliomas”. Molecular and Cellular Biochemistry 312.1-2 (2008): 71-80.

28.	 Robinson S P., et al. “Tumour dose response to the antivascular agent ZD6126 assessed by magnetic resonance imaging”. British Jour-
nal of Cancer 88.10 (2003): 1592-1597.

29.	 Tzeng Stephany Y and Jordan J Green. “Therapeutic nanomedicine for brain cancer”. Therapeutic Delivery 4.6 (2013): 687-704.

30.	 ELAmrawy Fatema., et al. “Tailored nanocarriers and bioconjugates for combating glioblastoma and other brain tumors”. Journal of 
Cancer Metastasis and Treatment 2 (2016): 112-122.

31.	 Khaitan Divya and Nagendra S Ningaraj. “Targeting potassium channels for increasing delivery of imaging agents and therapeutics to 
brain tumors”. Frontiers in Pharmacology 4 (2013).

32.	 Ningaraj Nagendra S. “Drug delivery to brain tumours: challenges and progress”. Expert Opinion on Drug Delivery 3.4 (2006): 499-509.

33.	 Ningaraj Nagendra S., et al. “Regulation of blood-brain tumor barrier permeability by calcium-activated potassium channels”. Journal 
of Pharmacology and Experimental Therapeutics 301.3 (2002): 838-851.

34.	 Ningaraj Nagendra S., et al. “Modulation of BKCa channels increases anticancer drug delivery to brain tumors and prolongs survival 
in xenograft model”. Cancer Biology and Therapy 8.20 (2009): 1924-1933.

35.	 Ningaraj Nagendra S., et al. “Adenosine 5′-triphosphate-sensitive potassium channel-mediated blood-brain tumor barrier permeabil-
ity increase in a rat brain tumor model”. Cancer Research 63.24 (2003): 8899-8911.

36.	 Cohen-Inbar O., et al. “Time-delayed contrast-enhanced MRI improves detection of brain metastases: a prospective validation of di-
agnostic yield”. Journal of Neuro-Oncology 130.3 (2016): 485-494.

37.	 Donelli M G., et al. “Do anticancer agents reach the tumor target in the human brain?” Cancer Chemotherapy and Pharmacology 30.4 
(1992): 251-260.

38.	 Olsen M L and H Sontheimer “Mislocalization of Kir channels in malignant glia”. Glia 46.1 (2004): 63-73.

39.	 Krol Silke. “Challenges in drug delivery to the brain: nature is against us”. Journal of Controlled Release 164.2 (2012): 145-155.

40.	 Traynelis Stephen Francis and Raymond Dingledine. “Potassium-induced spontaneous electrographic seizures in the rat hippocam-
pal slice”. Journal of Neurophysiology 59.1 (1988): 259-276.

41.	 Deeken John F and Wolfgang Löscher. “The blood-brain barrier and cancer: transporters, treatment, and Trojan horses”. Clinical 
Cancer Research 13.6 (2007): 1663-1674.

42.	 Gallo James M., et al. “The effect of P-glycoprotein on paclitaxel brain and brain tumor distribution in mice”. Cancer Research 63.16 
(2003): 5114-5117.

43.	 Mouratidou D., et al. “A phase III randomized study comparing paclitaxel and cisplatin versus cyclophosphamide and cisplatin in 
patients with advanced ovarian cancer”. Anticancer Research 27.1B (2007): 681-685.

44.	 Sparreboom Alex et al. “Limited oral bioavailability and active epithelial excretion of paclitaxel (Taxol) caused by P-glycoprotein in 
the intestine”. Proceedings of the National Academy of Sciences 94.5 (1997): 2031-2035.

45.	 Fellner Stephan., et al. “Transport of paclitaxel (Taxol) across the blood-brain barrier in vitro and in vivo”. The Journal of Clinical In-
vestigation 110.9 (2002): 1309-1318.

46.	 Stockwell Jocelyn., et al. “Novel central nervous system drug delivery systems”. Chemical Biology and Drug Design 83.5 (2014): 507-
520.

47.	 Jungk Christine., et al. “Chemotherapy with BCNU in recurrent glioma: Analysis of clinical outcome and side effects in chemotherapy-
naïve patients”. BMC Cancer 16.1 (2016): 81.

48.	 Hernández-Pedro Norma Y., et al. “Application of nanoparticles on diagnosis and therapy in gliomas”. BioMed Research International 
(2013).

49.	 Zhang Fang., et al. “Drug delivery strategies to enhance the permeability of the blood–brain barrier for treatment of glioma”. Drug 
Design, Development and Therapy 9 (2015): 2089-2100.

https://www.ncbi.nlm.nih.gov/m/pubmed/21185730/
https://www.ncbi.nlm.nih.gov/m/pubmed/21185730/
https://www.ncbi.nlm.nih.gov/pubmed/20379788
https://www.ncbi.nlm.nih.gov/pubmed/20379788
https://www.ncbi.nlm.nih.gov/pubmed/21676290
https://www.ncbi.nlm.nih.gov/pubmed/21676290
https://www.ncbi.nlm.nih.gov/pubmed/18259841
https://www.ncbi.nlm.nih.gov/pubmed/12771928
https://www.ncbi.nlm.nih.gov/pubmed/12771928
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3838881/
http://jcmtjournal.com/article/view/1333
http://jcmtjournal.com/article/view/1333
https://www.frontiersin.org/articles/10.3389/fphar.2013.00062/full
https://www.frontiersin.org/articles/10.3389/fphar.2013.00062/full
https://www.ncbi.nlm.nih.gov/pubmed/16822225
https://www.ncbi.nlm.nih.gov/pubmed/12023511
https://www.ncbi.nlm.nih.gov/pubmed/12023511
https://www.ncbi.nlm.nih.gov/pubmed/19738431
https://www.ncbi.nlm.nih.gov/pubmed/19738431
https://www.ncbi.nlm.nih.gov/pubmed/14695207
https://www.ncbi.nlm.nih.gov/pubmed/14695207
https://www.ncbi.nlm.nih.gov/pubmed/27568036
https://www.ncbi.nlm.nih.gov/pubmed/27568036
https://www.ncbi.nlm.nih.gov/pubmed/1643692
https://www.ncbi.nlm.nih.gov/pubmed/1643692
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2548404/
http://www.sciencedirect.com/science/article/pii/S0168365912003999
https://www.ncbi.nlm.nih.gov/pubmed/3343603
https://www.ncbi.nlm.nih.gov/pubmed/3343603
https://www.ncbi.nlm.nih.gov/pubmed/17363519
https://www.ncbi.nlm.nih.gov/pubmed/17363519
https://www.ncbi.nlm.nih.gov/pubmed/12941842
https://www.ncbi.nlm.nih.gov/pubmed/12941842
https://www.ncbi.nlm.nih.gov/pubmed/17348460
https://www.ncbi.nlm.nih.gov/pubmed/17348460
https://www.ncbi.nlm.nih.gov/pubmed/9050899
https://www.ncbi.nlm.nih.gov/pubmed/9050899
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC151606/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC151606/
https://www.ncbi.nlm.nih.gov/pubmed/24325540
https://www.ncbi.nlm.nih.gov/pubmed/24325540
https://www.ncbi.nlm.nih.gov/pubmed/26865253
https://www.ncbi.nlm.nih.gov/pubmed/26865253
https://www.hindawi.com/journals/bmri/2013/351031/
https://www.hindawi.com/journals/bmri/2013/351031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4403597/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4403597/


44

Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and Toxicity

Citation: Nagendra Ningara., et al. “Elacridar as Adjuvant with Anticancer Drugs for Brain Tumors - Delivery, Safety, Efficacy and  
Toxicity”.  EC Pharmacology and Toxicology 6.1 (2018): 36-44.

Volume 6 Issue 1 January 2018
©All rights reserved by Nagendra Ningara., et al.

50.	 Malatesta M., et al. “Chitosan nanoparticles are efficient carriers for delivering biodegradable drugs to neuronal cells”. Histochemistry 
and Cell Biology 141.5 (2014): 551-558.

51.	 Lee Jong-Min., et al. “Recent developments in nanoparticle-based siRNA delivery for cancer therapy”. BioMed Research International 
(2013).

52.	 Vilella Antonietta, et al. “Insight on the fate of CNS-targeted nanoparticles. Part I: Rab5-dependent cell-specific uptake and distribu-
tion”. Journal of Controlled Release 174 (2014): 195-201.

53.	 Alyautdin Renad., et al. “Nanoscale drug delivery systems and the blood–brain barrier”. International Journal of Nanomedicine 9 
(2014): 795-811.

54.	 Jensen, Samuel A., et al. “Spherical nucleic acid nanoparticle conjugates as an RNAi-based therapy for glioblastoma”. Science Transla-
tional Medicine 5.209 (2013).

55.	 Chacko Ann-Marie et al. “Targeted delivery of antibody-based therapeutic and imaging agents to CNS tumors: crossing the blood–
brain barrier divide”. Expert Opinion on Drug Delivery 10.7 (2013): 907-926.

56.	 Meyers Joseph D., et al. “Nanoparticles for imaging and treating brain cancer”. Nanomedicine 8.1 (2013): 123-143.

57.	 Bhattacharya Kunal., et al. “Biological interactions of carbon-based nanomaterials: from coronation to degradation”. Nanomedicine: 
Nanotechnology, Biology and Medicine 12.2 (2016): 333-351.

58.	 Baldrighi Michele et al. “Carbon nanomaterials interfacing with neurons: an in vivo perspective”. Frontiers in Neuroscience 10 (2016): 
250.

59.	 Nair Ashwin., et al. “Enhanced intratumoral uptake of quantum dots concealed within hydrogel nanoparticles”. Nanotechnology 19.48 
(2008): 485102.

60.	 Bardhan Rizia., et al. “Theranostic nanoshells: from probe design to imaging and treatment of cancer”. Accounts of Chemical Research 
44.10 (2011): 936-946.

61.	 Ningaraj NS., et al. “Differential Epigenetic Inactivation of Genes in Gliomas”. EC Pharmacology and Toxicology 3.6 (2017): 198-207.

https://www.ncbi.nlm.nih.gov/pubmed/24357163
https://www.ncbi.nlm.nih.gov/pubmed/24357163
https://www.hindawi.com/journals/bmri/2013/782041/
https://www.hindawi.com/journals/bmri/2013/782041/
https://www.ncbi.nlm.nih.gov/pubmed/24316476
https://www.ncbi.nlm.nih.gov/pubmed/24316476
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3926460/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3926460/
https://www.ncbi.nlm.nih.gov/pubmed/24174328
https://www.ncbi.nlm.nih.gov/pubmed/24174328
https://www.ncbi.nlm.nih.gov/pubmed/23751126
https://www.ncbi.nlm.nih.gov/pubmed/23751126
https://www.ncbi.nlm.nih.gov/pubmed/23256496
http://www.sciencedirect.com/science/article/pii/S1549963415005845
http://www.sciencedirect.com/science/article/pii/S1549963415005845
https://www.ncbi.nlm.nih.gov/pubmed/27375413
https://www.ncbi.nlm.nih.gov/pubmed/27375413
https://www.ncbi.nlm.nih.gov/pubmed/21836292
https://www.ncbi.nlm.nih.gov/pubmed/21836292
http://pubs.acs.org/doi/abs/10.1021/ar200023x
http://pubs.acs.org/doi/abs/10.1021/ar200023x
https://www.ecronicon.com/ecpt/pdf/ECPT-03-00078.pdf

	_GoBack

