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Abstract: The poor pharmacokinetic characteristics of most anticancer drugs have limited
their clinical effectiveness. The application of nanoparticles as a novel drug delivery system
has provided opportunities to tackle the current challenges facing conventional drug delivery
systems such as poor pharmacokinetics, lack of specificity to tumor cells, multidrug resistance,
and toxicity. This systematic review aims to examine the application of pharmacokinetic
studies of nanoparticles loaded in conventional drugs and herb-derived compounds for cancer
therapy. The pharmacokinetic parameters of several herbal medicines and chemotherapeutic
drugs loaded into nanoparticles were reported. This included area under the curve (AUC) of
plasma concentration—time profile, maximum plasma concentration (C,.y), time to maximum
plasma concentration (Ty,.x), volume of distribution (V4 or Vi), elimination half-life (t,,), and
clearance (CL). The systematic review was conducted using information available in the
PubMed and Science Direct databases up to February 2019. The search terms employed
were: pharmacokinetics, pharmacokinetic study, nanoparticles, anticancer, traditional medicine,
herbal medicine, herb-derived compounds, natural products, and chemotherapy. Overall, nano-
particle carriers not only significantly improved pharmacokinetics but also further enhanced
permeability, solubility, stability, specificity, and selectivity of the carried anticancer drugs/
herb-derived compounds to target tumor cells. Additionally, they also limited hepatic first-pass
metabolism and P-glycoprotein (P-gp) efflux of the carried anticancer drugs/herb-derived
compounds. Based on this systematic review, polymeric nanoparticles were the most com-
monly used nanocarrier to improve the pharmacokinetic parameters. The use of nanoparticles
as a novel drug delivery system has the potential to improve both pharmacokinetics and
cytotoxicity activity of the loaded drugs/herb-derived compounds for cancer therapy.
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Introduction

Cancer is the leading cause of death globally." Chemotherapy, radiation therapy, and
surgery are the main therapeutic approaches for cancer.' The success of chemother-
apy has been limited due to the lack of drug specificity to tumor cells, insufficient
drug concentration in tumor cells, serious adverse effects, and the emergence of
multidrug-resistant tumor cells.' Several strategies have been proposed to tackle
these challenges facing conventional chemotherapeutic drugs, which includes the use
of traditional or herbal medicines for cancer therapy. The use of herbal medicines for
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cancer therapy has been rising all over the world due to
their biological activity as well as fewer adverse effects as
compared to conventional chemotherapeutic drugs.
Pharmacokinetics is the study of the relationship between
the dose of a drug and its concentrations in the body fluids
over time. This relationship is controlled mainly by the rate
and extent of drug absorption, distribution, metabolism, and
excretion processes, known as ADME. The critical pharma-
cokinetic parameters used to define these processes include
bioavailability (F), elimination half-life (t;,), volume of
distribution (V4 or V), and clearance (CL) (Figure 1).
Despite the impressive benefits of several herbal medicines,
they exhibit some challenges such as poor pharmacokinetic
profiles and the requirement of high doses which are com-
monly associated with toxicity.! The goal of improving the
pharmacokinetic profile of a drug is to obtain the desired
therapeutic outcome with minimum toxicity.

Recently, the use of novel drug delivery systems such as
nanoparticles has paved the way to the development of
enhancing the pharmacokinetics of anticancer drugs.””
Herb-derived active compounds or conventional chemical
synthetic drugs incorporated with nanoparticles offer a solu-
to overcome their unsuitable

tion pharmacokinetic

properties, specificity, efficacy, and toxicity. Encapsulation
of these compounds/drugs with nanoparticles would likely
impact the pharmacokinetics and stability of the carried
compounds. To our knowledge, the impact of nanoparticles
on pharmacokinetic properties of the herb-derived active
compounds or conventional chemical synthetic drugs has
not yet been reviewed thoroughly. This systematic review
aims to examine pharmacokinetic studies of nanoparticles
loaded with herb-derived compounds and conventional che-
motherapeutic drugs for cancer therapy.

Materials and methods
Study selection and inclusion and exclusion

criteria

The systematic review was performed until February 2019
using PubMed and Science Direct databases. The search
terms  used “Pharmacokinetics”, AND/OR
“Pharmacokinetic study”, AND ‘“Nanoparticles”, AND
“Anticancer”, AND/OR “Traditional medicine”’, AND/OR
“Herbal medicine” AND/OR “Herb-derived compounds”,
AND/OR “Natural products”, AND “Chemotherapy”. The
articles published from various journals were retrieved and
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Figure | Schematic diagram showing the four pharmacokinetic processes: absorption, distribution, metabolism and excretion (ADME) including their pharmacokinetic

parameters.
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saved in EndNote X8 for further analysis. The inclusion
criteria were 1) full-text articles published in English, 2) In
vitro or in vivo or clinical studies with application of nano-
particles of herb-derived compounds or conventional drugs
for cancer chemotherapy, and 3) articles with in vivo/clinical
pharmacokinetic studies reporting at least area under plasma
concentration—time curve (AUC). All duplicates, review arti-
cles, articles with unclear methodology, or articles related to
the application of nanoparticles in diagnostic/imaging,
immunotherapy, radiotherapy, photothermal therapy, lipo-
protein nanoparticles, gene therapy, hydrogel nanoparticles,
conjugated ligands, and targeted therapy, as well as com-
bined anticancer drugs were excluded from the analysis.

Data extraction and collection

The following study characteristics were extracted from
each article that fulfilled the inclusion criteria and had
none of the exclusion criteria: nanoparticles, drug-loaded,
the analytical method applied, type of study, animal or
human used, dose and route of loaded drugs given, and
pharmacokinetic parameters (at least AUC). Final eligibil-
ity check of the full-text articles was performed; only

articles that were relevant to the review question and key-
words were obtained and processed for final analysis.

Results and discussion

A total of 403 relevant research articles published up to
February 2019 were retrieved from PubMed and Science
Direct databases. All articles were imported and merged in
EndNote reference management software. One hundred
sixty-nine duplicate articles and 39 review articles were
excluded. Of the remaining 195 articles, 167 articles were
available as full-texts for eligibility screening. Finally, 50
articles fulfilling the inclusion criteria were included in the
study (Figure 2). The pharmacokinetic studies of the nano-
particles of herb-derived compounds and conventional
chemotherapeutic drugs for cancer are summarized in
Tables 1 and 2.

Pharmacokinetic studies for nanoparticle-
loaded chemotherapeutic drugs

Taxanes

Paclitaxel (PTX)"* and docetaxel (DTX)>*>¢ are semi-
synthetic anticancer drugs derived from the plants of the

Records identified through PubMed
database searching until Jan 2019
(n=371)

Additional records identified
through Science direct database
until Feb 2019 (n=32)

\ 4

(n=403)

Records screened

Records excluded (n=236)
® Reviews (n=39)
® None full text (n=28)

A 4

o Duplications (n=169)

(n=167)

Full-text articles assessed
for eligibility criteria

Full-text articles excluded
based on title and abstract

l

A 4

(n=117)

(n=50)

Studies included in the
analysis based on eligibility
criteria after full text
examination

[ Included ] [ EIigibiIity] [ Screening ] [ Identification ]

Figure 2 Flowchart summarizing inclusion and exclusion of the articles for the study.
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mPEG)-loaded DTX was shown to provide sustained
release of DTX and increase the accumulation of the drug
in tumor cells of mice and thus, enhancement of cytotoxic
activity."® The change in the pharmacokinetics of DTX with
increase of AUC (2.7-fold), prolongation of t,, (3.76-fold),
and decrease of CL (2.7-fold) was brought by the addition
of PEG to the PLGA nanoparticle which contributed to
increased blood circulation, decreased drug-protein binding,
and reduced elimination of loaded drug by reticuloendothe-
lial system (RES) organs such as liver and spleen.

Formulations of DTX using PLA-TPGS, PS-PDLLA, and
PALA polymeric nanoparticles were found to improve the
pharmacokinetics of DTX in Sprague-Dawley (SD) rats.>”!?
The AUC was increased (1.5-2.31-fold), and the t;, was
prolonged (1.53-13.2-fold) with a significant reduction of
drug CL. The improved bioavailability of PLA-TPGS nano-
particle-loaded DTX due to an inhibitory effect on P-gp
resulted in enhancing cellular uptake of the drug to cancer
cells and overcoming multidrug resistance. The decrease in
clearance of the loaded drug was due to sustained release and
stability of the drug in the serum. Another study evaluated the
pharmacokinetics of PEGylated PLGA nanoparticle-loaded
DTX in tumor-bearing mice. The pharmacokinetics of DTX
was found to be improved with an increase in AUC (5.4-fold),
prolongation of t|, (3.7-fold), and decrease of CL (5-fold) and
Vy4 (1.3-fold).

Lipid-based nanocarriers such as self-nano emulsifying
lipidic nanomicellar systems (SNELS) were also used to
deliver DTX. Both long-chain and medium-chain glycerides
were applied to enhance oral drug bioavailability."" The
nanocarriers of long-chain glycerides enriched with
SNELS delivering DTX were shown to markedly increase
the AUC and C,,,x of DTX compared with the medium-
chain glyceride SNELS. The superiority of the long-chain
carrier was mainly due to inhibition of P-gp efflux, together
with the increase of intestinal lymphatic transport of drug
with reduction of the first-pass metabolism. Finally, poly
(hydroxybutyrate-co-hydroxyvalerate) (PHBV) delivering
DTX was shown to improve the pharmacokinetics of
DTX resulting in the increase of AUC (1.6-fold), the pro-
longation of t;,, (8.2-fold), the expansion of V4 (2.3-fold),
and the reduction of CL (2.3-fold).”> Similarly, DTX incor-
porated into thiolated chitosan provided higher oral drug
bioavailability, sustained release, and longer t;, compared
to the unloaded drug.® The 10.6-fold increase of mean AUC
of DTX when loaded with thiolated chitosan could be
related to its muco-adhesion properties on the gastrointest-
inal tract.

In contrast to DTX, improvement of drug bioavailabil-
ity was not demonstrated with PTX when encapsulated
with PEG with different molecular weights (2000, 6000,
and 10,000)4 and PLGA-TPGS,' but t;, was mostly pro-
longed. PEGylation of nanoparticles with either PEG6000
or PEG2000 as carriers was more adhesive in the gastro-
intestinal mucosa than PEGy1000. Both were located at
the surface of the absorptive membrane for an extended
period, and the loaded drug was slowly released. When
PTX was loaded with PCL-TPGS on the other hand, the
AUC was increased by 2.7-fold, the t;, was significantly
increased, while the CL was significantly decreased (3-
fold).®

Anthracycline antibiotics

The anthracycline antibiotics doxorubicin (DOX) and dau-
norubicin (DNR) are broadly used for the treatment of a
variety of cancers. They exert their action on cancer cells
by intercalation into DNA base pairs resulting in blockage
of DNA and RNA synthesis and DNA scission, which
suppresses the replication of DNA and induces cell
apoptosis.'* The pharmacokinetic study in male SD rats
showed that entrapment of DOX in polymersomes resulted
in the prolongation of drug t;, by 4.54-fold, and the
increase in AUC by 5.97-fold compared with free drug.
These pharmacokinetic changes significantly enhanced
cytotoxicity and reduced resistance of MCF-7/ADR cells
to DOX.'* An improved pharmacokinetic profile of DOX
and its cytotoxicity were also reported when loaded in
chitosan-g-TPGS (CT). This makes CT a suitable carrier
in drug-resistant cancer cells.'” In another in vivo study
using DOX loaded in PLGA administered to SD, the
formulation provided relatively well-sustained plasma
concentration, enhanced AUC, and significantly delayed
Tnax (36 hrs) when compared to free DTX.'® Furthermore,
improved pharmacokinetics and antitumor activity of the
mannosylated solid lipid nanoparticles delivering DOX
were demonstrated in Balb/c mice compared with free
drug. The approximately 9.31-fold increase of t;, and
the 5-fold increase of AUC suggested that mannosylated
solid lipid nanoparticles could selectively deliver DOX to
tumor cells.'’

A nanodisk formulation of DOX was reported to pro-
vide larger AUC, longer t;,, and higher cytotoxicity in
MCF-7/ADR
Additionally, DOX encapsulated into the chondroitin sul-
fate A-deoxycholic acid-polyethylene glycol (CSD-PEG)
also showed similar improvement in pharmacokinetics and

cells compared with free drug.'®

submit your manuscript

5672

Dove

International Journal of Nanomedicine 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Abdifetah and Na-Bangchang

stability of DOX in blood." Cholesterol-modified glycol
chitosan (CHGC) delivering DOX improved F of about
6.61 times higher than the free drug. The improved phar-
macokinetics could be due to the slow release of the drug
from the nanoparticle, which contributed to higher uptake
by the cancer cells.”® Dextran-conjugated with polypropy-
lene imine (PAD-PPI) delivering DOX was reported to
increase AUC and decrease CL by 3.2-fold and 3.12-
fold, respectively, compared with free drug. This nanopar-
ticle resulted in the improved cytotoxic effect of DOX to
the tumor cells.*!

For DNR, the increase in C,.x (1.86-fold), AUC (11.29-
fold), T,nax (2-fold), and prolongation of t% (2.8-fold) com-
pared with free MTX was reported in Wistar rats after oral
administration of the drug incorporated with chitosan-poly
(lactic-co-glycolic acid) (CS-PLGA) nanoparticle.”? This
was due to the potential of the nanoparticle to avoid P-gp-
mediated-drug efflux and hepatic first-pass metabolism by
cytochrome P450 (CYP450) enzymes. On the other hand,
improvement of the pharmacokinetics of DNR conjugated
into lecithmer was not well demonstrated in Wistar rats.>
Drug-loaded nanoparticle exhibited an increase in V4 (1.42-
fold) and a decrease in AUC (1.3-fold) compared with free
drug. The larger V4 of DNR-loaded lecithmer was asso-
ciated with rapid tissue distribution and uptake of the drug
by the RES organs.

Other anticancer drugs

5-Fluorouracil (5-FU), a pyrimidine analog for various
types of solid tumors, is a prodrug which covalently
binds to thymidylate synthase and interferes with thymi-
dylate synthesis, resulting in inhibition of synthesis of both
DNA and RNA. In rabbits, a dose of 30 mg/kg of 5-FU
(30 mg/kg body weight) loaded into poly-ethylene glycol
and poly (y-benzyl-L-glutamate) (PEG-PBLG) was
reported to result in lower F with slightly favorable t;,,
compared with the non-conjugated drug. The PEG-PBLG
nanoparticle significantly improved antitumor activity
against human colon and oral cancer cells.**

The bioavailability of the platinum-based oxaliplatin
(OLP) containing Fat Employing Supercritical Nano
System (FESNS) as nanoparticle was shown to be improved
compared with free OLP formulation.”> Furthermore,
improvement in the pharmacokinetic profile of methotrexate
(MTX) was reported when loaded in glycine-PLGA nano-
particle with an increase in AUC (4-fold), the prolongation
of t,» (1.74-fold), and the reduction of V4 (1-fold).*® The
nanoparticle substantially increased the cytotoxicity of

MTX against MDA-MB-231 cancer cells. Different nano-
particles were shown to improve pharmacokinetics, particu-
larly oral bioavailability of mifepristone, gemcitabine,
anastrozole, and estrone. Improved bioavailability and cyto-
toxicity against cancer cells of mifepristone were shown
when encapsulated with chitosan.?” Improved bioavailabil-
ity, reduced CL, and prolonged t;, were reported with
PLGA nanoparticle-loaded gemcitabine, resulting in
enhanced cytotoxicity against MiaPaCa-2 and MCF-7
cells.”® The pharmacokinetic profiles and cytotoxic activity
of anastrozole, the aromatase inhibitor used in postmeno-
pausal breast cancer, were shown to be significantly
improved when encapsulated in PLGA, PLA, and PCL
polymers.”® Estrone was formulated with solid lipid nano-
particles (SLN), nanostructured lipid carriers (NLC), and
liposomes. Mean AUC values of the drug were greatly
increased with SLN (17,728 pg/mL*h*) and NLC (16,047
ng/mL*h?), but slightly decreased with liposomes (8991 pg/
mL*h?) compared with free estrone (12,357 pg/mL*h?).
Both CL and V4 were decreased. SLN emerges as a pro-
mising carrier of estrone to cancer cells.>® Noscapine, a
derivative of alkaloid opium with anti-tubulin action, is
currently under investigation for cancer. Poly(ethylene gly-
col)-co-poly(e-caprolactone) (PCL-PEG) nanoparticle deli-
vering noscapine was evaluated in Wistar rats, and drug
bioavailability and t;, were shown to be increased along
with the improvement of cytotoxicity against breast cancer
cells.’! The pharmacokinetic profile of polymeric nanopar-
ticle containing polyethylene glycol-poly-l-lactic acid
(mPEG-PLA) delivering sirolimus, an mTOR inhibitor,
was significantly improved with the increase of AUC (3-
fold) and Cpnay (3.91-fold) compared with free sirolimus.*
The nanoparticle improved the cytotoxic activity of siroli-
mus against human cancer cell lines. In another study of
polyamidoamine-chitosan (PCT) carrying temozolomide,
promising pharmacokinetic profiles were reported with
improved AUC (1.2-fold) and prolonged t;, (1.5-fold)
compared with free drug.*?

Pharmacokinetic studies for nanoparticles
loaded herb-derived compounds in

traditional or herbal medicines

Various nanoparticles were developed for the selective
delivery of active compounds from traditional or herbal
medicines to cancer cells. Curcumin, a molecule found in
various spices, notably turmeric, has been used for the
treatment of various types of cancer particularly breast,
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stomach, intestine, colorectal, prostate, ovarian, and
melanoma.***> Curcumin exerts its anticancer activity by
regulating signaling pathways such as Akt/mTOR, NF-kB,
and HIF-1a which are important for cell proliferation and
apoptosis.>**® Compared with free drug, the AUC and t;),
of curcumin-loaded in phospholipid complex in self-nano-
system (SNEDDS) were

increased by 52-fold and 5-fold, respectively. The V4 and

emulsifying drug delivery

CL were decreased by 38.8-fold and 50-fold, respectively.
The improved oral bioavailability of curcumin resulted in
improved luminal solubility. The higher release rate in the
intestinal fluids improved absorption by enhancing com-
pound permeability and avoiding hepatic first-pass
metabolism.** The significant improvement in the oral
bioavailability of curcumin was reported when encapsu-
lated into cationic polymer EE100 with increased cyto-
toxic activity against colorectal cancer.>

The mean AUC values of chitosan-loaded curcumin,
chitosan-loaded rutin, free curcumin, and free rutin were
4322, 7621, 1219, and 1146 ng/mL, respectively. Chitosan
nanoparticle loading resulted in the improvement of bioavail-
ability of curcumin and rutin by 3.5-fold and 6.65-fold,
respectively, compared with free compounds.®’” Similarly,
another study in rats showed that lipid nanocapsules (LNC)
efficiently delivered curcumin into tumor cells and improved
its pharmacokinetics.36 The AUC and C,,,x were increased
by 3.9-fold and 5.3-fold, respectively, while the CL was
decreased by 3-fold. These results suggested that LNC
could be used for the delivery of traditional medicines to
cancer cells. The methoxy poly(ethylene glycol)-b-poly(e-
caprolactone) (mPEG-PCL) micelles could extend the
plasma concentration and delay the clearance of curcumin.*®
The bioavailability and t;, of curcumin were greatly
improved when loaded with Poly (D, L-lactic acid)-glycerol
(PDLLA-G) when compared with free curcumin.*

Camptothecins constitute a class of anticancer alkaloid
traditionally from Chinese medicine that possesses potential
anticancer activity against colon, breast, colorectal, stomach,
liver, leukemia, and ovarian cancers. Their mechanism of
action involves inhibition of tumor-specific topoisomerase
I, a critical enzyme responsible for cutting and re-ligating
single DNA strands, which results in DNA damage.*** The
pharmacokinetic profile and anticancer activity of nanocrys-
tals and PEG-PBLG loaded into hydroxycamptothecin
(HCPT) were rabbits.**4!
Nanocrystals improved the pharmacokinetics of HCPT with

evaluated in rats and

an increase of AUC (2.98-fold), the prolongation of t,
(2.81-fold), and the decrease of V4 (45.5-fold) compared

with free HCPT. The nanocrystals emerged as an effective
drug delivery system for HCPT.*° On the other hand, another
study in rabbits reported a decrease in Cp,.x and bioavail-
ability of HCPT when loaded in PEG-PBLG compared with
free drug. The nanoparticle provided sustained release and
prolongation of t;,.*' Topotecan, a topoisomerase inhibitor
which is a synthetic analog of camptothecin, was shown to
enhance intracellular uptake and result in a 13-fold increase
in bioavailability of topotecan-loaded PLGA compared with
free topotecan.*? The increased bioavailability was asso-
ciated with enhanced cytotoxic activity against SKOV3 can-
cer cells. Similarly, the bioavailability of the solid lipid
nanoparticles (SLN) delivering camptothecin (CPT) was
shown to be improved by 2.38-fold.*?

Amoitone B is a cytosporone B (Csn-B) analog obtained
from Dothiorella sp. HTF 3. It exhibits anticancer activity by
tightly binding to a nuclear orphan receptor (Nur77) and
induces mitochondrial apoptosis. When Amoitone B was
loaded into nanocrystals (NC-Am), the bioavailability was
increased by 1.4-fold and the t;,, was prolonged by 2.8-fold.
The nanocrystals improved solubility and reduced toxicity of
Amoitone B.** Further, cubic nanoparticles improved oral
bioavailability and anticancer activity of protopanaxadiol
(PPD).*> PPD which contains ginsenosides derived from
the Araliaceae family was proved to exhibit potential antic-
ancer activity. In another study, biochanin A (BCA), the
compound from a phytoestrogenic plant of red clover, was
found to exhibit estrogenic activity and cytotoxic activity
against human breast cancer cells. The bioavailability of
PEG-NLC-loaded BCA was increased by about 2.9-fold
after oral administration to rats compared with BCA suspen-
sion. This subsequently improved the cytotoxic activity of
BCA against MCF-7 cells.*® The bioavailability of celastrol
was increased by 4.11-fold, and the t;, was prolonged by 10-
fold when loaded with phytosomes compared with celastrol
suspension.*” This suggested that the phospholipid compo-
nent of phytosomes enhanced the fluidity of cell membrane,
solubility, and intestinal absorption.

Cationic nanoemulsions (CN) containing chitosan deliver-
ing Brucea javanicaoil (BJO) resulted in higher cytotoxicity
and antitumor activity in a xenografted mouse model (A549
cells). The AUC of BJO-CN was increased by 1.6-fold, and the
t1» was prolonged by 1.3-fold compared with BJO emulsion.
CN has been demonstrated as a promising drug delivery sys-
tem and has the potential to reduce the required frequency of
BJO dosing.*® Genistein (Gen), an active compound found in
soybeans, exerted its anticancer activity by inducing apoptosis
through inhibiting tyrosine kinases and NF-xB. Micellar
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emulsions containing methoxy poly (ethylene glycol)-block-
(e-caprolactone) and medium-chain triglycerides (mPEG
-PCL/MCTs) as nanocarriers delivering Gen prolonged t;,
(2.86-fold) reduced CL (10.13-fold) and improved AUC
(4.6-fold).* Similarly, a-tocopherol succinate-loaded in
nano-emulsion increased AUC (2.17-fold) and prolonged t;,,
(2.17-fold) compared with free & —TOS.>® The nano-emulsion
proved to be a promising drug delivery system for cancer cells.

Conclusion

It is evident that the pharmacokinetic profiles of conventional
chemotherapeutic drugs as well as traditional/herbal medicines
used for cancer treatment are significantly improved when
loaded with nanoparticles. The main benefits of using nano-
particles for drug delivery are enhancement of vascular and
gastrointestinal permeability and selectivity of drugs/com-
pound to tumor cells. The improved permeability and selectiv-
ity resulted in the improvement of cellular drug uptake, the
inhibition of drug hepatic first-pass metabolism and P-gp
efflux, the increase in drug solubility and stability, and the
decrease in the rate of drug elimination by the RES organs.
Subsequent reduction of dose frequency further contributes to
the improvement of patient compliance and minimizes toxi-
city. It is noted however that the physicochemical properties of
the chemotherapeutic drugs or herb-derived compounds play a
crucial rule in designing effective and appropriate nanocarriers.
The use of nanoparticles as a novel drug delivery system for
cancer therapy has the potential to dramatically improve both
pharmacokinetics and cytotoxicity activity of the loaded drugs/
herb-derived compounds for cancer therapy.

Abbreviations list

MCF-7/ADR, Michigan Cancer Foundation-7-Adriamycin
resistant; MDA-MB-231, M.D. Anderson-Metastasis Breast
cancer; Akt/mTOR, protein kinase B/mammalian target of
rapamycin; NF-xB, nuclear factor kappa-light-chain-enhancer
of activated B cells; HIF-1a, Hypoxia-inducible factor 1-alpha.
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