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Curcumin (a dietary polyphenolic compound) derived from turmeric (Curcuma longa)
possesses potent biological activities. However, curcumin’s clinical application is severely
limited due to its rapid metabolism and poor bioavailability. Hence, two curcumin
analogues, which are 2,6-bis(2,5-dimethoxybenzy-lidene)cyclohexanone (BDMC33) and
2,6-bis(2-fluorobenzylidene)cyclohexanone (MS65) with potent anti-inflammatory activities
than curcumin were synthesized by our research group. To ascertain the toxicity,
permeability and drug-metabolizing enzyme activities of BDMC33 and MS65, their in vitro
toxicity test at (0-400 uM) on Caco-2 cells using MTT assay, the in vivo toxicity test on
zebrafish embryos and larvae at (0-50 uM), and acute toxicity effects (0-30 uM) on adult
male zebrafish were investigated for 5 hr, 5 days, and 48 hr of exposure, respectively. The
sub-chronic toxicity (14 days of exposure) of aspirin (control) and both compounds (8, 10
and 20 uM), respectively, on adult male zebrafish and the histopathological examinations
(transverse sections) of intestine and liver of adult male zebrafish using hematoxylin and
eosin (H and E) staining were evaluated. The permeability effects of both compounds (50
UM) in differentiated Caco-2 cells after 180 min of exposure were measured based on its
apparent permeability coefficient (Papp) Values of the apical site (A) to basolateral site (B)
and basolateral site (B) to the apical site (A) and also the absorption rates of both
compounds (20 uM) on adult male zebrafish were also measured after 1-5 hr of exposure.
Furthermore, the effect of both compounds on drug-metabolizing enzyme activities, which
were NADPH-cytochrome p450 reductase (CPR), UDP-glucuronosyltransferase (UGT),
glutathione-S-transferase (GST) and sulfotransferase (SULT) in differentiated Caco-2 cells
and adult male zebrafish were measured using colorimetric methods. Similarly, toxicity,
permeability effects and drug-metabolizing enzyme activities of curcumin (reference
compound) and 3-(2-fluoro-benzylidene)-5-(2-fluorocyclohexylmethylene)-piperidin-4-one
(EF-24) (positive control) in differentiated Caco, and adult male zebrafish were conducted
for comparison. The results showed that the 5 hr LCx, for all test compounds in Caco-2 cells
were 50 uM, the 5 days LCs values on zebrafish embryos and larvae were 6.25 UM
(BDMC33), 12.5 uM (MS65), 5 uM (curcumin and EF-24), and the 48 hrs LCx, values on
the adult male zebrafish were 20 uM (BDMC33 and MS65) and 10 pM (curcumin and EF-
24). The heartbeats of zebrafish larvae subjected to BDMC33 and MS65, separately, for 5
days were 113+0.05 min™(BDMC33), 112+0.12 min® (MS65), 109.3+0.14 min™
(curcumin), and 110+1.10 min™ (EF-24), while that of the normal zebrafish larvae was
117+0.15min™. The normal zebrafish embryos hatched after 2-3 days with >50%
hatchability rates, which is similar to those exposed to <6.25 pM (BDMC33) and <12.5 pM
(MS65) as compared to curcumin and EF-24 (<5 pM) treatments, separately. The results of



the apparent permeability coefficient (Papp) in Caco-2 cells after 120 min incubation and
their  absorption (uptake) rates in adult male zebrafish after 4 hr suggested that
MS65>BDMC33>EF-24>curcumin. The activities of drug-metabolizing enzymes (CPR,
UGT, GST and SULT) in cells and adult male zebrafish subjected to all test compounds,
separately, as compared to that of normal cells and zebrafish demonstrated that MS65 is
better than BDMC33, followed by EF-24 and then curcumin. Therefore, both MS65 and
BDMC33 could be potential lead compounds to address the problems and issues of rapid
metabolism, and poor bioavailability of curcumin when consumed orally.
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Kunyit (Curcuma longa) telah digunakan dalam perubatan tradisional Asia sejak zaman
dahulu lagi. Kurkumin (satu pemakanan polyphenolic kompaun) berasal dari kunyit
memiliki aktiviti biologi yang mujarab. Walau bagaimanapun, aplikasi Klinikal
kurkumin adalah teruk terhad disebabkan oleh metabolisme cepat dan bioketersediaan
miskin. Oleh itu, dua analog kurkumin, iaitu 2,6-bis(2,5-dimetoksibenzilidena)
sikloheksanon (BDMC33) dan 2,6-bis(2-fluorobenzilidena) sikloheksanon (MS65)
menunjukkan aktivitii anti-radang poten berbanding kurkumin telah disintesis oleh
kumpulan penyelidikan kami. Oleh itu, objektif umum kajian ini adalah untuk menilai
ketoksikan, kadar resapan dan aktiviti enzim metabolisme-drug BDMC33 dan MS65
dalam sel Caco-2 (sel terbit daripada karsinoma kolorektal manusia) dan zebrafish
(Danio rerio). Ujian ketoksikan dalam vitro dua analogue (0-400 uM) sel menggunakan
MTT assay, ujian ketoksikan dalam vivo zebrafish embrio dan larvae kedua-dua
sebatian (0-50 uM), dan kesan ketoksikan akut (0-30 uM) zebrafish lelaki dewasa telah
dinilai setiap hari selama 5 jam, 5 hari, dan 48 jam pendedahan, masing. Di samping itu,
kesan ketoksikan sub-kronik (14 hari pendedahan) aspirin (kawalan) dan analog kedua-
duanya (UM 8, 10 dan 20), masing, pada zebrafish lelaki dewasa (>6 bulan) telah dinilai
dan Histologi usus dan hati tisu yang menggunakan hematoksilin dan eosin (H dan E)
telah dikaji. ktiviti kadar resapan kedua-dua analog kurkumin (50 uM) dalam sel Caco-2
dan kadar serapan mereka di zebrafish lelaki dewasa selepas 180 min dan 5 jam, masing,
telah dikaji. Tambahan pula, kesan kedua-dua analog kurkumin terhadap aktiviti enzim
metabolisme-dadah, iaitu sitokrom p450 reduktase (CPR), UDP-glukuronosiltransferase
(UGT), glutation-S-transferase (GST), dan sulfotransferase (SULT) dalam sel Caco-2
yang dan zebrafish jantan dewasa (>6 bulan) dikira menggunakan kaedah enzim
kalorimetri.Dengan cara yang sama, analisis terakhir kurkumin (rujukan kompaun) dan
3-(2-Fluoro-benzylidene)-5-(2-fluorocyclohexylmethylene)-piperidin-4-one (EF-24)
(kawalan positif) dalam CaCo2 diperbezakan dan zebrafish lelaki dewasa yang sama
telah dinilai untuk perbandingan.Keputusan menunjukkan bahawa 5 jam LCs untuk
semua ujian sebatian dalam sebatian-2 sel telah 50 puM, 5 hari LCx, nilai pada zebrafish
embrio dan larva adalah 6.25 pM (BDMC33), 12.5 pM (MS65), 5 pM (kurkumin dan
EF-24), dan nilai 48 jam LCs, dalam zebrafish lelaki yang dewasa telah 20 pM
(BDMC33 dan MS65) dan 10 pM (kurkumin dan EF-24).Denyutan jantung larva
zebrafish tertakluk kepada BDMC33 dan MS65, secara berasingan, untuk 5 hari telah
113%0.05 minit™ (BDMC33), 112+0.12 minit™ (MS65), 109.3+0.14 minit™ (kurkumin),
dan 110+1.10 minit* (EF-24), manakala yang larvae biasa zebrafish 117+0.15 minit™.
Embrio normal zebrafish penetasan selepas 2-3 hari dengan kadar penetasan >50%,



yang menyerupai orang-orang yang terdedah kepada <6.25 pM (BDMC33) dan <12.5
KM (MS65) berbanding kurkumin dan EF-24 (<5 pM) rawatan secara berasingan.
Seterusnya, tahap normal MDA (Indeks kerosakan oksidatif) dan MPO (Indeks
epitelium kecederaan) dalam zebrafish lelaki dewasa yang dirawat dengan BDMC33
(6.25 pM), MS65 (12.5 pM), kurkumin (10 pM) dan EF-24 (10 uM) selepas 14 hari
pendedahan dikekalkan berbanding dengan ikan yang biasa dengan 0.04 pmole/mg dan
0.03 U/mg, masing.. Pekali kadar resapan yang jelas (Papp) semua Kata majmuk (50
uM) dari A—B penyerapan, secara berasingan, selepas 120 minit inkubasi sel Caco-2
telah adalah dari 0.75x106-3.4x106 cm/s, nisbah pengambilan (Papp, A—B)/Papp
B—A) adalah dalam lingkungan 0.3 3.0%, nisbah efluks (Papp B—A/Papp A—B) telah
semua <1%, dan % Imbangan jisim (% pemulihan) dikira adalah dalam lingkungan
18.79-47.67%, dan perintah incrementing parameter kadar resapan adalah
MS65>BDMC33> EF-24>kurkumin.Aktiviti enzim metabolisme-dadah (CPR, UGT,
GST dan SULT) dalam sel-sel tertakluk kepada semua Kata majmuk (50 puM) dan di
zebrafish lelaki dewasa yang tertakluk kepada ujian semua Kata majmuk (20 pM),
secara berasingan,yang tidak berbeza berbanding dengan sel Caco-2 normal (2.08-21.53
pmole/min/mg) dan zebrafish (20,33-30,78 pmole/min/mg). Penemuan ini telah
mencadangkan bahawa MS65 adalah lebih baik daripada BDMC33, diikuti oleh EF-24
dan kemudian curcumin. Oleh itu, kedua-duanya MS65 dan BDMC33 boleh menjadi
sebatian plumbum berpotensi untuk menangani masalah dan isu-isu tentang
ketaklarutan, metabolisme cepat, dan bioketersediaan kurkumin apabila dimakan.
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CHAPTER 1

INTRODUCTION

Treatment of many diseases using the medicinal plant is related to folk medicine
from different parts of the world. Natural products obtained from plants, fungi,
bacteria and other organisms, have been utilized in pharmaceutical industries as pure
compounds or as extracts (Zhang et al., 2010). There are different compounds like
curcumin that can be extracted and characterized from plants called Curcuma longa
Lin (Turmeric). Turmeric (Curcuma longa), locally known as kunyit, has been used
in traditional Asian medicine since time immemorial. It is majorly cultivated in the
Asian countries, like Malaysia, Indonesia, and Thailand. Curcumin (a dietary
polyphenolic compound) derived from turmeric possess higher biological activities
(Ammon et al., 1992, Mullaicharam and Maheswaran, 2012). It occurs naturally as
flavonoid (polyphenol) in the turmeric, which has been reported to possess some
pharmacological activities for the treatment of many diseases in humans, such as
anti-inflammatory, antioxidant, antiviral and antifungal, anticancer actions
(Aggarwal et al., 2007). Additionally, the hepatic and nephroprotective (Kiso et al.,
1983, Venkatesan et al., 2000), thrombosis suppressing and myocardial infarction
protective (Dikshit et al., 1995, Nirmala and Puvanakrishnan, 1999), hypoglycemic
(Arun and Nalini, 2002), and antirheumatic (Deodhar et al., 1980) effects of
curcumin are also reported.

The most important rationale for the therapeutic use of curcumin is its high safety
profile. To date, no studies in either animals (Shanker et al., 1980) or humans (Lao et
al., 2006) have shown any side effects associated with the use of curcumin even at
very high doses. In different animal models (Shankar et al., 1980; Qureshi et al.,
1992) or human studies (Lao et al., 2006), it has been shown that curcumin is highly
safe even at 800 mg/kg/day for 3 months. However, the molecule remains
overlooked due to lack of a suitable delivery system that can result inadequate
therapeutic levels in vivo. In comparing with other polyphenolic compounds derived
from diets and anti-cancer drugs, the structural instability, rapid metabolism and
elimination of curcumin has been contributed to its low bioavailability (Hoehle et al.,
2006; Garcea et al., 2005; Sharma et al., 2007). The structural instability of the
curcumin has been reported to be due to the presence of active methylene groups and
a B-diketone moiety (Lee et al., 2009).

The pharmacokinetic studies of curcumin in rodents and humans after oral doses
have been reported over more than three decades. Collectively, these studies have
shown that curcumin metabolized rapidly, which severely prevents its absorption
outside the stomach (Sharma et al., 2005). It has shown in animal studies that
curcumin metabolism was by glucuronidation, sulphation and glutathionylation to
curcumin glucuronide, curcumin sulfate and curcumin glutathione, respectively
(Ireson et al., 2001), and enzymatic reduction to tetrahydrocurcumin,
hexahydrocurcumin and hexahydrocurcuminol (Holder et al., 1978; Ireson et al.,
2001). In clinical studies, oral doses of curcumin in humans have shown the
presence of excreted curcumin and its metabolites in both feces and urine. (Sharma
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et al., 2005). In animal study, a dietary dose (1 g/kg) of curcumin orally
administered, about 75% of compounds similar to curcumin were being found in
feces, whereas none or little amounts were found in the urine (Wahlstrom and
Blennow, 1978). All these were the evidence which supported the hypothesis that
curcumin pass through rapid metabolism and easily eliminated in the feces after oral
doses in the guts (Rabindranath and Chandrasekhara, 1980). These reports have
shown that curcumin can be administered safely to patients, but has low oral
bioavailability due to its rapid metabolism in the intestinal tract (Garcea et al., 2005,
Sharma et al., 2005). Therefore, the curcumin clinical trial is yet to be progressed,
which has prevented its physiological activities to be transformed into clinical
benefit.

To overcome these shortcomings of curcumin, our research group previously
synthesized two curcumin analogues, which are 2,6-bis(2,5-dimethoxybenzy-
lidene)cyclohexanone (BDMC33) and 2,6-bis(2-fluorobenzylidene)cyclohexanone
(MS65) by eliminating the unstable methylene group and B-diketone moiety. This
was done by reacting an aromatic aldehyde with cyclohexanone, through base-
catalyzed aldol condensation, using the ratio of ketone: aldehyde (1:2) (Lee et al.,
2009). In in vitro screening, higher pharmacological activities of these compounds
due to their potent antioxidant and anti-inflammatory properties have been reported
(Lee et al., 2009, Lee et al., 2011). Inhibition of NO production in IFN-y/LPS-
challenged macrophage cells (RAW 264.7), suppression of NF-kB activation and
AP-1 activities by blockade of ERK/INK signaling pathways by these compounds
have been reported (Lee et al., 2009, Lee et al.,, 2011 and Lee et al., 2012).
Therefore, the need for in vitro and in vivo investigations on toxicity, permeability
and drug metabolizing enzyme activities of these novel compounds is of utmost
necessary. In this study, Caco-2 cells (derived cells from human colorectal
carcinoma) and zebrafish (Danio rerio) were the experimental models selected for
this study.

Caco-2 cells are obtained from a human colorectal carcinoma, which has been
considered as a useful cell-based model in predicting the drug permeation across the
human intestine. On differentiation after cultured on semipermeable membranes, the
developed epithelial linings possess similar biochemical and morphological
characteristics to that of humans. Differentiated Caco-2 cells also expressed protein
transporters, efflux proteins, and phase 1l metabolizing enzymes (Van Breemen and
Li, 2005). The apparent permeability coefficients (P 4pp) calculated from Caco-2 cell
permeation studies have shown to correlate with human intestinal absorption (Van
Breemen and Li, 2005). It was also demonstrated that the permeation of
drugs/chemicals across Caco-2 cells correlated very well with the oral absorption in
humans.

Zebrafish (Danio rerio), a freshwater tropical species has become a useful
biomedical and toxicological models, which allow in vivo or in vitro toxicity testing
using zebrafish embryos (Li et al., 2011). The embryos are small enough to be
accommodated in 96-well plates, developed rapidly, very transparent for easy
imaging and reproduced rapidly (Li et al., 2011). It cardiovascular, nervous systems
and metabolic pathways are similar to those of humans at anatomical, physiological,
and molecular levels, and it has about 80% correlation to high animal models
(Dubey et al., 2013). Zebrafish has almost the same number of chromosomes with



humans (25 vs. 23 pairs), respectively, and that about 71.4% of human genes have at
least one zebrafish orthologue (Postlethwait et al., 2000, Dubey et al., 2013).
Zebrafish possess homologs for both cyclooxygenase (COX) isoforms, which
function and demonstrate similar responses to pharmacological inhibitors as
observed in mammals (Aswan et al., 2011). The expressions of phase | and 1l key
enzymes that involved in drug metabolism pathway have been identified in zebrafish
(McGrath and Li, 2008). Among the key enzymes identified in zebrafish are
cytochrome P450, epoxide hydrolases (Phase 1) and UDP-glucuronosyltransferase,
Sulfotransferase, and glutathione-S-transferase (Phase Il). These similar
characteristics have made zebrafish the most useful model organism for the
assessments of screening and pharmacological studies of drugs, especially, in the
field of pharmacokinetic studies of drugs (Li et al., 2011, Dubey et al., 2013, Jason
etal., 2013).

Thus, the hypothesis of this study states that the two synthesized curcumin
analogues could be relatively less toxic, have higher bioavailability activities
than EF-24 and curcumin.

The general objective of this study was to evaluate the toxicity, permeability
and drug-metabolizing enzymes, which were NADPH-cytochrome P450
reductase (CPR), UDP-glucuronosyltransferase (UGT), glutathione-S-
transferase (GST), and sulfotransferase (SULT) activities of BDMC33 and
MS-65 in Caco-2 cells and zebrafish. The specific objectives of this study are:

1. To evaluate the toxicity effects of curcumin analogues in Caco-2 cells,
zebrafish embryos and larvae, and adult male zebrafish

2. To assess the permeability and absorption of curcumin analogues in Caco-2
cells and adult male zebrafish, respectively

3. To evaluate the effects of curcumin analogues on the activities of drug-
metabolizing enzymes (NADPH-reductase, UDP-glucuronosyltransferase,
Sulfotransferase, and Glutathione-S-transferase) in Caco-2 cells and adult
zebrafish



REFERENCES

Adams, B. K., Cai, J., Armstrong, J., Herold, M., Lu, Y. J., Sun, A., and Shoji,
M. (2005). EF24, a novel synthetic curcumin analog, induces apoptosis in
cancer cells via a redox-dependent mechanism. Anticancer Drugs, 16 (3);
263-275.

Aggarwal, B. B., Bhatt, I. D., Ichikawa, H., Ahn, K. S., Sethi, G. S. S. K,
Sandur, S. K., and Shishodia, S. (2006). Curcumin—biological and
medicinal properties. Turmeric: the genus Curcuma, 45; 297 — 368.

Aggarwal, B. B., Sundaram, C., Malani, N., & Ichikawa, H. (2007). Curcumin:
the Indian solid gold. In The molecular targets and therapeutic uses of
curcumin in health and disease (pp. 1-75). Springer US.

Ahmad, A., Khan, A., Safdar, M. (2011). Curcumin: a natural product of
pharmaceutical importance. International Journal of Pharmaceutical,
Clinical and Experimental Biology, 5(1); 44 — 49.

Ak, T., and Gulgin, I. (2008). Antioxidant and radical scavenging properties of
curcumin. Chemico-biological Interactions, 174(1); 27-37.

Akamine, H., Hossain, M. A., Ishimine, Y., Yogi, K., Hokama, K., Iraha, Y., and
Aniya, Y. (2007). Effects of application of N, P and K alone or in
combination on growth, yield and curcumin content of turmeric (Curcuma
longa L.). Plant Production Science, 10(1); 151-154.

Al Shaban, A., Liu, M. C., Williams, F. and Shah, Z. (2010). Developmental
toxicity of Ambroxol in Zebrafish embryos/larvae: Relevance of SULT-
mediated sulfation of Ambroxol. Thesis submitted to the Graduate Faculty
for Master of Science in Pharmacology and Toxicology.

Anand, P., Kunnumakkara, A. B., Newman, R. A., & Aggarwal, B. B. (2007).
Bioavailability —of curcumin: problems and promises. Molecular
Pharmaceutics,4(6); 807-818.

Anand, P., Sundaram, C., Jhurani, S., Kunnumakkara, A. B., and Aggarwal, B.
B. (2008). Curcumin and cancer: an “old-age” disease with an “age-old”
solution.Cancer Letters, 267(1); 133-164.

Amemiya, C. T., Alfoldi, J., Lee, A. P., Fan, S., Philippe, H., MacCallum, I. and
Miyake, T. (2013). The African coelacanth genome provides insights into
tetrapod evolution. Nature, 496(7445); 311-316

Ammon, H. P., Anazodo, M. |., Safayhi, H., Dhawan, B. N., and Srimal, R. C.
(1991). Pharmacology of curcuma longa. Planta Medica, 57; 1 — 7.

Ammon, H. P., Anazodo, M. I., Safayhi, H., Dhawan, B. N., & Srimal, R. C.
(1992). Curcumin: a potent inhibitor of leukotriene B4 formation in rat
peritoneal polymorphonuclear neutrophils (PMNL). Planta Medica, 58(2);
226-226.

121



Ao, G. Z, Chu, X. J., Ji, Y. Y., and Wang, J. W. (2014). Antioxidant properties
and PC12 cell protective effects of a novel curcumin analogue (2E, 6E)-2,
6-bis (3, 5-dimethoxybenzylidene) cyclohexanone (MCH). International
Journal of Molecular Sciences, 15(3); 3970-3988.

Araujo, C. A. C., and Leon, L. L. (2001). Biological activities of Curcuma longa
L. Memorias do Instituto Oswaldo Cruz, 96(5); 723-728.

Artursson, P., and Karlsson, J. (1991). Correlation between oral drug absorption
in humans and apparent drug permeability coefficients in human intestinal
epithelial  (Caco-2) cells. Biochemical and Biophysical Research
Communications, 175(3); 880-885.

Artursson, P., Palm, K., and Luthman, K. (2001). Caco-2 monolayers in
experimental and theoretical predictions of drug transport. Advanced Drug
Delivery Reviews, 46(1); 27-43.

Artursson, P., Palm, K., and Luthman, K. (2012). Caco-2 monolayers in
experimental and theoretical predictions of drug transport. Advanced Drug
Delivery Reviews, 64; 280-289.

Arun, N., Nalini, N. (2002). Efficacy of turmeric on blood sugar and polyol
pathway in diabetic albino rats. Plant Foods and Human. Nutrition, 57 (1):
41-52.

Aswin, L. M., Jan, M. S., Andre, P. M. W. and Ruud, A. W. (2011). Normal
Anatomy and Histology of the Adult Zebrafish. Toxicological Pathology,
39(5); 759 - 775.

Balasubramanian, S., and Eckert, R. L. (2004). Green tea polyphenol and
curcumin inversely regulate human involucrin promoter activity via
opposing effects on CCAAT/enhancer-binding protein function. Journal of
Biological Chemistry, 279(23); 24007-24014.

Baldwin, P. R., Reeves, A. Z., Powell, K. R., Napier, R. J., Swimm, A. I., Sun,
A., and Kalman, D. (2015). Monocarbonyl analogs of curcumin inhibit
growth of antibiotic sensitive and resistant strains of Mycobacterium
tuberculosis. European Journal of Medicinal Chemistry, 92, 693-699.

Baker, T. R., Peterson, R. E., and Heideman, W. (2014). Using Zebrafish as a
Model System for Studying the Transgenerational Effects of Dioxin.
Toxicological Science, 138 (2); 403 - 411,

Beevers, C. S., and Huang, S. (2011). Pharmacological and clinical properties of
curcumin. Botanics: Targets Therapy, 1, 5-18.

Belcaro, G., Cesarone, M. R., Dugall, M., Pellegrini, L., Ledda, A., Grossi, M.
G. and Appendino, G. (2010). Efficacy and safety of Meriva®, a curcumin-
phosphatidylcholine complex, during extended administration in
osteoarthritis patients. Alternative Medicine and Review, 15(4); 337-44.

122



Bereswill, S., Mufioz, M., Fischer, A., Plickert, R., Haag, L. M., Otto, B., and
Heimesaat, M. M. (2010). Anti-inflammatory effects of resveratrol,
curcumin and simvastatin in acute small intestinal inflammation. PLo0S
ONE, 5(12); 1-11.

Bergamaschi, M. M., Alcantara, G. K. S., Valério, D. A. R., and Queiroz, R. H.
C. (2011). Curcumin could prevent methemoglobinemia induced by
dapsone in rats. Food and Chemical Toxicology, 49(7), 1638-1641.

Berkhout, M., Roelofs, H. M. J., te Morsche, R. H. M., Dekker, E., van Krieken,
J. H. J. M., (2008). Detoxification enzyme polymorphisms are not involved
in duodenal adenomatosis in familial adenomatous polyposis. Brazilian
Journal of Surgery, 95; 499-505.

Bisht, S., Feldmann, G., Soni, S., Ravi, R., Karikar, C., Maitra, A., and Maitra,
A. (2007). Polymeric nanoparticle-encapsulated curcumin
(“nanocurcumin”): a novel strategy for human cancer therapy. Journal of
Nanobiotechnology, 5(3); 1-18.

Bock, K. W., Brian, B., Geoffrey, J. Osmo, D., H., Gerard, J. M., Ida, S. O.,
Gérard, S. and Thomas, R. T. (1983). UDP-glucuronosyltransferase
activities: guidelines for consistent interim terminology and assay
conditions. Biochemical Pharmacology, 32 (6), 953 — 955.

Bradford, M. M., (1976). A rapid and sensitive for the quantitation of microgram
quantitites of protein utilizing the principle of protein-dye binding.
Analytical Biochemistry, 72, 248-254.

Chan, M. M.-Y. (1995). Inhibition of tumor necrosis factor by curcumin, a
phytochemical. Biochemical Pharmacology, 49;1551.

Chattopadhyay, I., Biswas, K., Bandyopadhyay, U., and Banerjee, R. K. (2004).
Turmeric and curcumin:  Biological actions and medicinal
applications. Current Science, 87(1); 44-53.

Chattopadhyay, 1., Bandyopadhyay, U., Biswas, K., Maity, P., and Banerjee, R.
K. (2006). Indomethacin inactivates gastric peroxidase to induce reactive-
oxygen-mediated gastric mucosal injury and curcumin protects it by
preventing peroxidase inactivation and scavenging reactive oxygen. Free
Radical Biology and Medicine, 40(8); 1397-1408.

Churchill, M., Chadburn, A., Bilinski, R. T., and Bertagnolli, M. M. (2000).
Inhibition of intestinal tumors by curcumin is associated with changes in
the intestinal immune cell profile. Journal of Surgical Research, 89(2);
169-175.

Carlsson, G., and Norrgren, L. (2004). Synthetic musk toxicity to early life
stages of zebrafish (Danio rerio). Archives of Environmental
Contamination and Toxicology,46(1); 102-105.

Chen, W. F., Deng, S. L., Zhou, B., Yang, L., and Liu, Z. L. (2006). Curcumin
and its analogues as potent inhibitors of low density lipoprotein oxidation:

123



H-atom abstraction from the phenolic groups and possible involvement of
the 4-hydroxy-3-methoxyphenyl groups. Free Radical Biology and
Medicine, 40(3); 526-535.

Choi, H., Chun, Y. S., Kim, S. W., Kim, M. S., and Park, J. W. (2006).
Curcumin inhibits hypoxia-inducible factor-1 by degrading aryl
hydrocarbon receptor nuclear translocator: a mechanism of tumor growth
inhibition. Molecular Pharmacology, 70(5); 1664-1671.

Choudhary, N., Sekhon, B. S. (2012). Potential therapeutic effect of curcumin -
an update. Journal of Pharmaceutical Education and Research, 3(2); 64 —
71.

Coleman MD, editor. 2005. Human Drug Metabolism: An Introduction.
England: John Wiley and Sons Ltd.

Cohly, H.H., Taylor, A., Angel, M.F., Salahudeen, A.K. (1998). Effect of
turmeric, turmerin and curcumin on H202-induced renal epithelial
(LLCPK?1) cell injury. Free Radical Biology and Medicine 24 (1); 49-54.

Crane, M., and Newman, M. C. (2000). What level of effect is a no observed
effect?. Environmental Toxicology and Chemistry, 19(2); 516-519.

Crane, M., Handy, R. D., Garrod, J., and Owen, R. (2008). Ecotoxicity test
methods and environmental hazard assessment for engineered
nanoparticles.Ecotoxicology, 17(5); 421-437.

Cruz—Correa, M., Shoskes, D. A., Sanchez, P., Zhao, R., Hylind, L. M., Wexner,
S. D., and Giardiello, F. M. (2006). Combination treatment with curcumin
and quercetin of adenomas in familial adenomatous polyposis. Clinical
Gastroenterology and Hepatology, 4(8); 1035-1038.

Dempe, J. S., Scheerle, R. K., Pfeiffer, E., and Metzler, M. (2013). Metabolism
and permeability of curcumin in cultured Caco-2 cells. Molecular Nutrition
and Food Research, 57(9); 1543-1549.

Deodhar, S. D., Sethi, R., Srimal, R. C. (1980). Preliminary study on
antirheumatic activity of curcumin (Diferuloyl methane). Indian Journal of
Medical Research, 71; 632-4.

Dikshit, M., Rastogi, L., Shukla, R., Srimal, R. C. (1995). Prevention of
ischaemia-induced biochemical Changes by curcumin & quinidine in the
cat heart. Indian Journal of Medical Research; 101; 31-5.

Dubey, S., Maity, S., Singh, M., Saraf, S. A., & Saha, S. (2013). Phytochemistry,
pharmacology and toxicology of Spilanthes acmella: a review. Advances in
Pharmacological Sciences, 2013; 1 - 9.

Eigner, D., and Scholz, D. (1999). Ferula asa-foetida and Curcuma longa in
traditional ~medical treatment and diet in Nepal. Journal of
Ethnopharmacology, 67(1); 1-6.

124



Eriksson, L. S., Broome, U., Kalin, M., Lindholm M. (1992). Hepatotoxicity due
to repeated intake of low doses of paracetamol. Journal of Internal
Medicine, 231(5); 567-570.

Frame, L. T., Ozawa, S., Nowell, S. A., Chou, H. C., De Longchamp, R. R. and
Doerge, D, R. (2000). A simple colorimetric assay for phenotyping the
major human thermostable phenol sulfotransferase (SULT1Al1) using
platelet cytosols. Drug Metabolism and Disposition, 28; 1063 - 8.

Fuchs, J. R., Pandit, B., Bhasin, D., Etter, J. P., Regan, N., Abdelhamid, D., and
Li, P. K. (2009). Structure—activity relationship studies of curcumin
analogues. Bioorganic and Medicinal Chemistry Letters, 19(7); 2065-2069.

Gan, L., von Moltke, L. L., Trepanier, L. A., Harmatz, J. S., and Greenblatt, D. J.
(2009). Role of NADPH-cytochrome P450 reductase and cytochrome-
b5/NADH-b5 reductase in variability of CYP3A activity in human liver
microsomes. Drug Metabolism and Disposition, 37(1); 90-96.

Ganiger, S., Malleshappa, H. N., Krishnappa, H., Rajashekhar, G., Ramakrishna
Rao, V., & Sullivan, F. (2007). A two generation reproductive toxicity
study with curcumin, turmeric yellow, in Wistar rats. Food and Chemical
Toxicology, 45(1); 64-69.

Garcea G., Berry D. P., Jones D. J., Singh R., Dennison A. R., Farmer P. B,
Sharma R. A., Steward W. P., Gescher A. J.(2005). Consumption of the
putative chemopreventive agent curcumin by cancer patients: assessment of
curcumin levels in the colorectum and their pharmacodynamic
consequences. Cancer Epidemiology, Biomarkers and Preview.14 (1); 120—
5.

Garg, S. N., Bansal, R. P., Gupta, M. M., & Kumar, S. (1999). Variation in the
rhizome essential oil and curcumin contents and oil quality in the land races
of turmeric Curcuma longa of North Indian plains. Flavour and Fragrance
Journal,14(5); 315-318.

Goldsmith, J. R., Cocchiaro, J. L., Rawls, J. F., and Jobin, C. (2013). Glafenine-
induced intestinal injury in zebrafish is ameliorated by p-opioid signaling
via enhancement of Atf6-dependent cellular stress responses. Disease
Models and Mechanisms, 6(1); 146-159.

Govindarajan, V. S., and Stahl, W. H. (1980). Turmeric—chemistry, technology,
and quality. Critical Reviews in Food Science and Nutrition, 12(3); 199-
301.

Girish, C., Koner, B. C., Jayanthi, S., Ramachandra Rao, K., Rajesh, B., and
Pradhan, S. C. (2009). Hepatoprotective activity of picroliv, curcumin and
ellagic acid compared to silymarin on paracetamol induced liver toxicity in
mice. Fundamental and Clinical Pharmacology, 23(6); 735-745.

Gibson, G.G., Skett, P., editors. (2001). Introduction to drug metabolism. 3rd ed.
New York: Chapman.

125



Grosch, S., Maier, T. J., Schiffmann, S., Geisslinger, G. (2006).
Cyclooxygenase-2 (COX-2)-independent anticarcinogenic effects of
selective COX-2 inhibitors. Journal of Natural Cancer Institute, 98; 736-
47,

Guengerich, F. P. (2001). Common and uncommon cytochrome P450 reactions
related to metabolism and chemical toxicity. Chemical Research in
Toxicology,14(6); 611-650.

Guillemette, C.  (2003).  Pharmacogenomics of human  UDP-
glucuronosyltransferase enzymes. The Pharmacogenomics Journal, 3(3);
136-158.

Guimardes, M. R., de Aquino, S. G., Coimbra, L. S., Spolidorio, L. C.,
Kirkwood, K. L., & Rossa, C. (2012). Curcumin modulates the immune
response associated with LPS-induced periodontal disease in rats. Innate
Immunity, 18(1); 155-163.

Gunaratna, C. (2000). Drug metabolism & pharmacokinetics in drug discovery: a
primer for bioanalytical chemists, part I. Current Separations, 19(1); 17-24.

Habig, W. H., Pabst, M. J., Jakoby W. N. 1974). Glutathione-s transferase: The
first enzyme step in Mercapturic acid formation. Journal of Biological
Chemistry, 249; 7130-7139.

Habuchi, O. (2000). Diversity and functions of glycosaminoglycan
sulfotransferases. Biochimica et Biophysica Acta (BBA)-General
Subjects,1474(2); 115-127.

Hallare, a. V., H. R. Kohler, and R. Triebskorn. (2004). Developmental Toxicity
and Stress Protein Responses in Zebrafish Embryos after Exposure to
Diclofenac and Its Solvent, DMSO. Chemosphere, 56; 659-66.
doi:10.1016/j.chemosphere.2004.04.007.

Han, S. S., Keum, Y. S., Seo, H. J., & Surh, Y. J. (2002). Curcumin suppresses
activation of NF-kappaB and AP-1 induced by phorbol ester in cultured
human promyelocytic leukemia cells. Journal of Biochemistry and
Molecular Biology, 35(3); 337-342.

Han, H. K. (2011). The effects of black pepper on the intestinal absorption and
hepatic metabolism of drugs. Expert Opinion on Drug Metabolism and
Toxicology, 7(6); 721-729.

Hanai, H., lida, T., Takeuchi, K., Watanabe, F., Maruyama, Y., Andoh, A., and
Koide, Y. (2006). Curcumin maintenance therapy for ulcerative colitis:
randomized, multicenter, double-blind, placebo-controlled trial. Clinical
Gastroenterology and Hepatology, 4(12); 1502-1506.

Hatcher, H., Planalp, R., Cho, J., Torti, F. M., and Torti, S. V. (2008). Curcumin:
from ancient medicine to current clinical trials. Cellular and Molecular Life
Sciences, 65(11); 1631-1652.

126



Hoehle, S. I., Pfeiffer, E., Solyom, A. M., and Metzler, M. (2006). Metabolism of
curcuminoids in tissue slices and subcellular fractions from rat
liver. Journal of Agricultural and Food Chemistry, 54(3); 756-764.

Hines, R. N., and McCarver, D. G. (2002). The ontogeny of human drug-
metabolizing enzymes: phase | oxidative enzymes. Journal of
Pharmacology and Experimental Therapeutics, 300(2); 355-360.

Holder, G. M., Plummer, J. L., and Ryan, A. J. (1978). The metabolism and
excretion of curcumin (1, 7-bis-(4-hydroxy-3-methoxyphenyl)-1, 6-
heptadiene-3, 5-dione) in the rat. Xenobiotica, 8(12); 761-768.

Hou, X.-L., Takahashi, K., Tanaka, K., Tougou, K., Qiu, F., Komatsu, K.,
Takahashi, K., Azuma, J. (2008). Curcuma drugs and curcumin regulate the
expression and function of P-gp in Caco-2 cells in completely opposite
ways. International Journal of Pharmacology, 358 (1-2); 224-229.

Howe, K., Clark, M. D., Torroja, C. F., Torrance, J., Berthelot, C., Muffato, M.,
and Plumb, B. (2013). The zebrafish reference genome sequence and its
relationship to the human genome. Nature, 496; 498 — 503.

Hubatsch, 1., Ragnarsson, E. G., Artursson, P. (2007). Determination of drug
permeability and prediction of drug absorption in Caco-2
monolayers. Nature Protocols, 2(9); 2111-2119.

Huang, T.-S., Lee, S.-C., and Lin, J.-K. (1991). Suppression of c-jun/ AP-1
activation by an inhibitor of tumor promotion in mouse fibroblast cells.
Proceeding of Natural Academic Sciences, USA, 88; 5292.

Hung, M. W., Zhang, Z. J., Li, S., Lei, B., Yuan, S., Cui, G. Z,, and Lee, S. M.
Y. (2012). From omics to drug metabolism and high content screen of
natural product in zebrafish: a new model for discovery of neuroactive
compound.Evidence-Based Complementary and Alternative
Medicine, 2012; 1 — 20.

Ireson, C., Orr, S., Jones, D. J., Verschoyle, R., Lim, C. K., Luo, J. L., and
Gescher, A. (2001). Characterization of metabolites of the
chemopreventive agent curcumin in human and rat hepatocytes and in the
rat in vivo, and evaluation of their ability to inhibit phorbol ester-induced
prostaglandin E2 production. Cancer Research, 61(3); 1058-1064

Ishida, J., Ohtsu, H., Tachibana, Y., Nakanishi, Y., Bastow, K. F., Nagai, M., and
Lee, K. H. (2002). Antitumor agents. Part 214: synthesis and evaluation of
curcumin analogues as cytotoxic agents. Bioorganic and Medicinal
Chemistry,10(11); 3481-3487.

Iwata, H., Fujita, K. Kushida, L. H. Suzuki, A., Konno, Y., Nakamura, K. and
Kamataki, T. (1998). High catalytic activity of human cytochrome P450
co-expressed with human NADPH-cytochrome P450 reductase in
Escherichia coli. Biochemical Pharmacology, 55(8); 1315-1325.

127



Jagetia, G. C., and Aggarwal, B. B. (2007). Spicing up” of the immune system
by curcumin. Journal of Clinical Immunology, 27(1); 19-35.

Jason, R. G., Jordan, L. C., John, F. R. and Christian, J. (2013). Glafenine-
induced intestinal injury in zebrafish is ameliorated by p-opioid signaling
via enhancement of Atf6-dependent cellular stress responses. Disease
Models and Mechanism, 6; 146 — 159.

Jiwapornkupt, N., Niwattisaiwong, N., Phivthong-ngam, L., Piyachaturawat, P.,
Suksamran, A., Apipalakul, K., and Lawanprasert, S. (2010). Effects of
Curcuma comosa extracts on phase Il drug-metabolizing enzymes in rat
livers. Journal Health Research, 24(3); 113-116.

Joe, B., Lokesh, B. R. (1994). Role of capsaicin, curcumin and dietary n-3 fatty
acids in lowering the generation of reactive oxygen species in rat peritoneal
macrophages. Biochemical Biophysics Acta, 1224; 255-263.

Jurek, D., Fleckl, E., Marian, B. (2005). Bile acid induced gene expression in
LT97 colonic adenoma cells. Food Chemical Toxicology, 43; 87-93.

Kanwar, S. S., Yu, Y., Nautiyal, J., Patel, B. B., Padhye, S., Sarkar, F. H., and
Majumdar, A. P. (2011). Difluorinated-curcumin (CDF): a novel curcumin
analog is a potent inhibitor of colon cancer stem-like cells. Pharmaceutical
Research, 28(4); 827-838.

Kim, D. C., Kim, S. H., Choi, B. H., Baek, N. I., Kim, D., Kim, M. J., and Kim,
K. T. (2005). Curcuma longa extract protects against gastric ulcers by
blocking H2 histamine receptors. Biological and Pharmaceutical
Bulletin, 28(12); 2220-2224.

Kim, Y. S., Ahn, Y., Hong, M. H., Joo, S. Y., Kim, K. H., Sohn, I. S., and Kang,
J. C. (2007). Curcumin attenuates inflammatory responses of TNF-a-
stimulated human endothelial cells. Journal of Cardiovascular
Pharmacology, 50(1); 41-49.

Kiso Y. Suzuki Y. Watanabe N. Oshima Y. Hikino H. (1983). Antihepatotoxic
principles of Curcuma longa rhizomes. Planta Medica, 49 (3); 185-7.

Kittichanun, C., Phivthong-ngam, L., Niwattisaiwong, N., Piyachaturawat, P.,
Suksamran, A., Apipalakul, K., and Sotharak, W. (2010). Effects of
curcuma comosa extract on hepatic cytochrome P450 activities in rats.
Journal of Health Research, 24(1); 1-6.

Kovriznych J. A., Sotnikova R., Zeljenkova D., Rollerova, E., Szabova, E., and
Wimmerova, S. (2013). Acute toxicity of 31 different nanoparticles to
zebrafish (Danio rerio) tested in adulthood and in early life stages—
comparative study. Interdisciplinary Toxicology, 6(2); 67-73.

Lammer, E., Kamp, H. G., Hisgen, V., Koch, M., Reinhard, D., Salinas, E. R.,
and Braunbeck, T. (2009). Development of a flow-through system for the

128



fish embryo toxicity test (FET) with the zebrafish (Danio rerio). Toxicology
in vitro, 23(7); 1436-1442.

Lantz, R.C., Chen, G.J., Solyom, A.M., Jolad, S.D., Timmermann, B.N., (2005).
The effect of turmeric extracts on inflammatory mediator production.
Phytomedicine, 12; 445-452.

Lao C. D., Demierre M. F., Sondak V. K. (2006). Targeting events in melanoma
carcinogenesis for the prevention of melanoma. Expert Review. Anticancer
Therapy, 6 (11); 1559-68.

Lee, K. H., Ab Aziz, F. H., Syahida, A., Abas, F., Shaari, K., Israf, D. A., &
Lajis, N. H. (2009). Synthesis and biological evaluation of curcumin-like
diarylpentanoid analogues for anti-inflammatory, antioxidant and anti-
tyrosinase activities. European Journal of Medicinal Chemistry, 44(8);
3195-3200.

Lee, K.-H., Abas, F., Alitheen, N.B.M., Shaari, K., Lajis, N.H., Ahmad, S.
(2011).A  Curcumin Derivative, 2,6-Bis(2,5-dimethoxybenzylidene)-
cyclohexanone (BDMC33) Attenuates Prostaglandin E, Synthesis via
Selective Suppression of Cyclooxygenase-2 in IFN-g/LPS-Stimulated
Macrophages. Molecules, 16; 9728-9738.

Lee, K.-H., Chow, Y.-L., Sharmili, V., Abas, F., Alitheen, N.B.M., Shaari, K.,
Israf, D.A., Lajis, N.H., Syahida, A. (2012). BDMC33, A Curcumin
Derivative Suppresses Inflammatory Responses in Macrophage-Like
Cellular System: Role of Inhibition in NF-kB and MAPK Signaling
Pathways. International Journal of Molecular Sciences, 13; 2985-3008.

Lennernés, H., Palm, K., Fagerholm, U., and Artursson, P. (1996). Comparison
between active and passive drug transport in human intestinal epithelial
(Caco-2) cells in vitro and human jejunum in vivo. International Journal of
Pharmaceutics, 127(1); 103-107.

Leu, T. H.,, and Maa, M. C. (2002). The molecular mechanisms for the
antitumorigenic effect of curcumin. Current Medicinal Chemistry-Anti-
Cancer Agents, 2(3); 357-370.

Levy G. and Miller K. E. (1965). Drug Absorption and Exsorption Kinetics in
Goldfish. Journal of Pharmaceutical Science, 54(9); 1319-1325.

Liang, G. L., Chen, L., Yang, S., Wu, X., Studer, E., Gurley, E., Hylemon, P. B.,
Ye, F., Li, Y., Zhou, H. (2008). Synthesis and anti-inflammatory activities
of mono-carbonyl analogues of curcumin. Bioorganic, Medicine, Chemistry
Letters, 18; 1525-1529.

Liang, G., Shao, L., Wang, Y., Zhao, C., Chu, Y., Xiao, J., and Yang, S. (2009).
Exploration and synthesis of curcumin analogues with improved structural
stability both in vitro and in vivo as cytotoxic agents. Bioorganic and
Medicinal Chemistry, 17(6); 2623-2631.

129



Li, L., Ahmed, B., Mehta, K., and Kurzrock, R. (2007). Liposomal curcumin
with and without oxaliplatin: effects on cell growth, apoptosis, and
angiogenesis in colorectal cancer. Molecular Cancer Therapeutics, 6(4);
1276-1282.

Li, Z. H., Alex, D., Siu, S. O., Chu, I. K., Renn, J., Winkler, C., and Lee, S. M.
Y. (2011). Combined in vivo imaging and omics approaches reveal
metabolism of icaritin and its glycosides in zebrafish larvae. Molecular
BioSystems, 7(7); 2128-2138.

Lipinski, C. A., Lombardo, F., Dominy, B. W., and Feeney, P. J. (2012).
Experimental and computational approaches to estimate solubility and
permeability in drug discovery and development settings. Advanced Drug
Delivery Reviews, 64, 4-17.

Luquita, M. G., Sanchez Pozzi, E, J., Catania, V. A. and Mottino, A. D. (1994).
Analysis of p-nitrophenol glucuronidation in hepatic microsomes from
lactating rats. Biochemical Pharmacology, 47, 1179 — 1185.

Ma, Z., Shayeganpour, A., Brocks, D. R., Lavasanifar, A., and Samuel, J. (2007).
High-performance liquid chromatography analysis of curcumin in rat
plasma: application to pharmacokinetics of polymeric micellar
formulation of curcumin.Biomedical Chromatography, 21(5); 546-552.

Madan, B., Ghosh, B. (2003). Diferuloylmethane inhibits neutrophil infiltration
and improves survival of mice in high-dose endotoxin shock. Shock,19;
91-96

Mahattanadul, S., Nakamura, T., Panichayupakaranant, P., Phdoongsombut, N.,
Tungsinmunkong, K., and Bouking, P. (2009). Comparative antiulcer
effect of bisdemethoxycurcumin and curcumin in a gastric ulcer model
system. Phytomedicine, 16(4); 342-351.

Maheshwari, R. K., Singh, A. K., Gaddipati, J., and Srimal, R. C. (2006).
Multiple biological activities of curcumin: a short review. Life Sciences,
78(18); 2081 -2087.

Maier, T. J., Schilling, K., Schmidt, R., Geisslinger, G., Grosch, S. (2004).
Cyclooxygenase-2 (COX- 2)-dependent  and  —independent
anticarcinogenic effects of celecoxib in human colon carcinoma cells.
Biochemical Pharmacology, 67, 1469-78. Maiti, K., Mukherjee, K.,
Gantait, A., Saha, B.P., Mukherjee, P.K. (2007). Curcumin-phospholipid
complex: Preparation, therapeutic evaluation and pharmacokinetic study
in rats. International Journal of Pharmacology, 330(1-2); 155-63.

Majumdar, A. P., Banerjee, S., Nautiyal, J., Patel, B. B., Patel, V., Du, J. and
Sarkar, F. H. (2009). Curcumin synergizes with resveratrol to inhibit
colon cancer. Nutrition and cancer, 61(4); 544-553.

Manikandan, P., Sumitra, M., Aishwarya, S., Manohar, B. M., Lokanadam, B.,
and Puvanakrishnan, R. (2004). Curcumin modulates free radical

130



guenching in myocardial ischaemia in rats. International Journal of
Biochemistry and Cell Biology, 36(10); 1967-1980.

Verschoyle, R. D., Cooke, D. N., Morazzoni, P., Steward, W. P., and Gescher, A.
J. (2007). Comparison of systemic availability of curcumin with that of
curcumin formulated with phosphatidylcholine. Cancer Chemotherapy
and Pharmacology, 60(2); 171-177.

Marczylo, T. H., Marczylo, T.H., Verschoyle, R.D., Cooke, D.N., Morazzoni, P.,
Steward, W.P., Gescher, A.J. (2007). Comparison of systemic availability
of curcumin with that of curcumin formulated with phosphatidylcholine.
Cancer Chemotherapetic Pharmacology, 60(2); 171-7.

Masuda, T., Maekawa, T., Hidaka, K., Bando, H., Takeda, Y., and Yamaguchi,
H. (2001). Chemical studies on antioxidant mechanism of curcumin:
analysis of oxidative coupling products from curcumin and
linoleate. Journal of Agricultural and Food Chemistry, 49(5); 2539-2547.

Maubon, N., Le Vee, N. M., Fossati, L., et al (2007) Analysis of drug transporter
expression in human intestinal Caco-2 cells by real-time PCR.
Fundamental Clinical Pharmacology, 21(6); 659-663.

Maurel, P. (1998). Drug metabolizing enzymes. Current Opinion in Critical
Care, 4(4); 213-218.

McGrath, P., and Li, C. (2008). Zebrafish: A predictive model for assessing
drug-induced toxicity. Drug Discovery Today, 13(9); 394-401.

Menke, A. L., Spitsbergen, J. M., Wolterbeek, A. P., and Woutersen, R. A.
(2011). Normal anatomy and histology of the adult zebrafish. Toxicologic
Pathology, 39(5); 759-775.

Metzler, M., Pfeiffer, E., Schulz, S. I., and Dempe, J. S. (2013). Curcumin uptake
and metabolism. Biofactors, 39(1); 14-20.

Moore, T. W., Zhu, S., Randolph, R., Shoji, M., & Snyder, J. P. (2014). Liver S9
Fraction-Derived Metabolites of Curcumin Analogue UBS109. ACS
Medicinal Chemistry Letters, 5(4); 288-292.

Mukhopadhyay, A., Basu, N., Ghatak, N., & Gujral, P. K. (1982). Anti-
inflammatory and irritant activities of curcumin analogues in rats. Agents
and Actions, 12(4); 508-515.

Mullaicharam, A. R., and Maheswaran, A. (2012). Pharmacological effects of
curcumin. International  Journal  of  Nutrition,  Pharmacology,
Neurological Diseases, 2(2); 92 — 99.

Munro, A. W., Noble, M. A., Robledo, L., Daff, S. N., & Chapman, S. K. (2001).
Determination of the redox properties of human NADPH-cytochrome
P450 reductase. Biochemistry, 40(7), 1956-1963.

131



Naik, R. S., Mujumdar, A. M., and Ghaskadbi, S. (2004). Protection of liver cells
from ethanol cytotoxicity by curcumin in liver slice culture in
vitro. Journal of Ethnopharmacology, 95(1); 31-37.

Nanji, A. A., Jokelainen, K., Tipoe, G. L., Rahemtulla, A., Thomas, P., &
Dannenberg, A. J. (2003). Curcumin prevents alcohol-induced liver
disease in rats by inhibiting the expression of NF-kB-dependent
genes. American Journal of Physiology-Gastrointestinal and Liver
Physiology, 284(2); G321-G327.

Nirmala, C., Anand, S., and Puvanakrishnan, R. (1999). Curcumin treatment
modulates collagen metabolism in isoprot3erenol induced myoxardial
necrosis in rats. Molecular and Cellular Biochemistry, 197(1-2); 31-37.

OECD 1998 Head of Publications Service, OECD, 2 rue André-Pascal, 75775
Paris Cedex 16, France.

OECD. (2006). OECD draft proposal for a new guideline, 1* version. Guideline
for the testing of chemicals. Fish Embryo Toxicity, FET Test.

OECD (2011). Education at a Glance 2011: OECD Indicators,OECD
Publishing.

http://dx.doi.org/10.1787/eag-2011-en

OECD (2013). Health at a Glance 2013: OECD Indicators, OECD Publishing.

http://dx.doi.org/10.1787/health glance-2013-en

Odenthal, J., van Heumen, B. W., Roelofs, H. M., te Morsche, R. H., Marian, B.,
Nagengast, F. M., and Peters, W. H. (2012). The influence of curcumin,
quercetin, and eicosapentaenoic acid on the expression of phase Il
detoxification enzymes in the intestinal cell lines HT-29, Caco-2, HuTu
80, and LT97. Nutrition and Cancer, 64(6); 856-863.

Ohori, H., Yamakoshi, H., Tomizawa, M., Shibuya, M., Kakudo, Y., Takahashi,
A., and Shibata, H. (2006). Synthesis and biological analysis of new
curcumin analogues bearing an enhanced potential for the medicinal
treatment of cancer.Molecular Cancer Therapeutics, 5(10); 2563-2571.

Olivera, A., Moore, T. W., Hu, F., Brown, A. P, Sun, A,, Liotta, D. C., and Pace,
T. W. (2012). Inhibition of the NF-«B signaling pathway by the curcumin
analog, 3, 5-Bis (2-pyridinylmethylidene)-4-piperidone (EF31): Anti-
inflammatory and anti-cancer properties. International
Immunopharmacology, 12(2); 368-377.

Pan, M. H., Huang, T. M., and Lin, J. K. (1999). Biotransformation of curcumin
through reduction and glucuronidation in mice. Drug Metabolism and
Disposition, 27(4); 486-494.

Patel, M. I., Subbaramaiah, K., Du, B., Chang, M., Yang, P., Newman, R. A.,
Cordon-Cardo, C., Thaler, H. T., Dannenberg, A. J. (2005). Celecoxib

132


http://dx.doi.org/10.1787/eag-2011-en
http://dx.doi.org/10.1787/health_glance-2013-en

inhibits prostate cancer growth: evidence of a cyclooxygenase-2-
independent mechanism. Clinical Cancer of Research, 11; 1999-2007.

Patro, B. S., Rele, S., Chintalwar, G. J., Chattopadhyay, S., Adhikari, S., and
Mukherjee, T. (2002). Protective Activities of Some Phenolic 1, 3-
Diketones against Lipid Peroxidation: Possible Involvement of the 1, 3-
Diketone Moiety.Chembiochem, 3(4); 364-370.

Payton, F., Sandusky, P., and Alworth, W. L. (2007). NMR study of the solution
structure of curcumin. Journal of Natural Products, 70(2); 143-146.

Postlethwait, J. H., Woods, I. G., Ngo-Hazelett, P., Yan, Y. L., Kelly, P. D., Chu,
F., and Talbot, W. S. (2000). Zebrafish comparative genomics and the
origins of vertebrate chromosomes. Genome Research, 10(12), 1890-
1902,

Powell, D.W. (1987) Physiology of the Gastrointestinal Tract (L.R. Johnson,
Ed.), 2nd Edition, pp. 1267-1305. Raven Press, New York.

Press, B. and Di Grandi, D. (2008). Permeability for intestinal absorption: Caco-
2 assay and related issues. Current Drug Metabolism, 9; 893 — 900.

Qureshi S, Shah A. H., and Ageel A. M. (1992). Toxicity studies on Alpinia
galanga and Curcuma longa. Planta Medica, 58 (2); 124-7.

Rabindranath V.,and Chandrasekhara N. (1980). Absorption and tissue
distribution of curcumin in rats. Toxicology, 16 (3); 259-65.

Rai, B., Kaur, J., Jacobs, R., and Singh, J. (2010). Possible action mechanism for
curcumin in pre-cancerous lesions based on serum and salivary markers
of oxidative stress. Journal of Oral Science, 52(2); 251-256.

Ramsewak, R.S., DeWitt, D. L., Nair, M.G. (2000). Cytotoxicity, antioxidant,
anti-inflammatory activities of curcumin I-Ill from Curcuma longa.
Phytomedicine, 7; 303-308.

Raza, H., John, A., and Benedict, S. (2011). Acetylsalicylic acid-induced
oxidative stress, cell cycle arrest, apoptosis and mitochondrial
dysfunction in human hepatoma HepG2 cells. European Journal of
Pharmacology, 668(1); 15-24.

Reddy, A. C. P., and Lokesh, B. R. (1994). Studies on the inhibitory effects of
curcumin and eugenol on the formation of reactive oxygen species and
the oxidation of ferrous iron. Molecular and Cellular Biochemistry,
137(1); 1-8.

Rushmore, T. H., and Tony Kong, A. (2002). Pharmacogenomics, regulation and

signaling pathways of phase | and Il drug metabolizing enzymes. Current
Drug Metabolism, 3(5); 481-490.

133



Sajithlal, G. B., Chithra, P., and Chandrakasan, G. (1998). Effect of curcumin on
the advanced glycation and cross-linking of collagen in diabetic rats.
Biochemical Pharmacology, 56(12); 1607-1614.

Semeon, O. A. (2010). Haematological Characteristics of Clarias gariepinus
(Buchell, 1822) Juveniles Fed on Poultry Hatchery Waste. American-
Eurasian Journal of Toxicological Sciences, 2; 190 — 195.

Schoene, B., Fleischmann, R. A., Remmer, H., and Oldershausen, H. V. (1972).
Determination of drug metabolizing enzymes in needle biopsies of human
liver. European Journal of Clinical Pharmacology, 4(2); 65-73.

Schooten, F. J., Van, Boots, A. W., Knaapen, A. M., Godschalk, R. W. L., Borm,
P. J., Jacobs, J. (2004). Myeloperoxidase (MPO)-463G —A Reduces
MPO Activity and DNA Adduct Levels in Bronchoalveolar Lavages of
Smokers, 13 (May), 828 — 833.

Schmiedlin-Ren, P., Thummel, K. E., Fisher, J. M., et al (1997) Expression of
enzymatically active CYP3A4 by Caco-2 cells grown on extracellular
matrix-coated permeable supports in the presence of la, 25-
dihydroxyvitamin D3.Molecular Pharmacology. 51(5); 741 - 754.

Selvam, C., Jachak, S. M., Thilagavathi, R., and Chakraborti, A. K. (2005).
Design, synthesis, biological evaluation and molecular docking of
curcumin analogues as antioxidant, cyclooxygenase inhibitory and anti-
inflammatory ~ agents. Bioorganic  and Medicinal ~ Chemistry
Letters, 15(7); 1793-1797.

Shankar T. N., Shantha N. V., Ramesh H. P., Murthy I. A., Murthy V. S. (1980).
Toxicity studies on turmeric (Curcuma longa): acute toxicity studies in
rats, guineapigs and monkeys. Indian Journal of Experimental Biology,
18 (1); 73-5.

Sharma, R. A., Gescher, A. J., and Steward, W. P. (2005). Curcumin: the story so
far. European Journal of Cancer, 41(13); 1955-1968.

Sharma, R. A., Steward, W. P., and Gescher, A. J. (2007). Pharmacokinetics and
pharmacodynamics of curcumin. InThe Molecular Targets and
Therapeutic Uses of Curcumin in Health and Disease (pp. 453-470).
Springer US.

Shao, J., Sheng, H., Inoue, H., Morrow, J.D.,DuBois, R. N. (2000). Regulation
of constitutivecyclooxygenase-2 expression in coloncarcinoma cells.
Journal Biological Chemistry, 275;33951-6.

Shea, R., Masters T. M., and Kim, J. J. P. (1997). Three-dimensional structure of
NADPH-cytochrome P450 reductase: prototype for FMN-and FAD-
containing enzymes. Proceedings of the National Academy of
Sciences, 94(16); 8411-8416.

134



Shehzad, A., Khan, S., Shehzad, O., and Lee, Y. S. (2010). Curcumin therapeutic
promises and bioavailability in colorectal cancer. Drugs of Today,46(7);
523 - 532.

Shen, L., and Ji, H. F. (2007). Theoretical study on physicochemical properties
of curcumin. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 67(3); 619-623.

Shen, S. Q., Zhang, Y., Xiang, J. J., and Xiong, C. L. (2007). Protective effect of
curcumin against liver warm ischemia/reperfusion injury in rat model is
associated with regulation of heat shock protein and antioxidant enzymes.
World Journal of Gastroenterology, 13(13); 1953 — 1961.

Shin, D. H., Seo, E. Y., Pang, B., Nam, J. H., Kim, H. S., Kim, W. K., & Kim, S.
J. (2011). Inhibition of Ca2+-release-activated Ca2+ channel (CRAC)
and K+ channels by curcumin in Jurkat-T cells. Journal of
Pharmacological Sciences, 115(2) 144-154.

Shi, X,, Du, Y., Lam, P. K. S.,, Wu, R. S. S., and Zhou, B (2008). Developmental
Toxicity and Alteration of Gene Expression in Zebrafish Embryos
Exposed to PFOS. Toxicology and Applied Pharmacology, 230; 23-32.

Shoba, G., Joy, D., Joseph, T., Majeed, M., Rajendran, R., and Srinivas, P. S. S.
R. (1998). Influence of piperine on the pharmacokinetics of curcumin in
animals and human volunteers. Planta Medica, 64(04); 353-356.

Sifeng, W., Kechun, L., Ximing, W., Qiuxia, H., Chen, X. (2010 Toxic effects of
celastrol on embryonic development of zebrafish (Danio rerio). Drug,
Chemistry. Toxicology, 34(1) 61-65.

Siissalo, S. (2009). The Caco-2 cell line in studies of drug metabolism and
efflux. Dissertation, 3-51.

Singh, M. P., Mishra, M., Sharma, A., Shukla, A. K., Mudiam, M. K. R., Patel,
D. K., ... & Chowdhuri, D. K. (2011). Genotoxicity and apoptosis in
Drosophila melanogaster exposed to benzene, toluene and xylene:
Attenuation by quercetin and curcumin. Toxicology and Applied
Pharmacology,253(1); 14-30.

Sivori, J. L., Casabe, N., Zerba, E. N., and Wood, E. J. (1997). Induction of
glutathione S-transferase activity in Triatoma infestans. Memdrias do
Instituto Oswaldo Cruz, 92(6); 797-802.

Song, E. K., Cho, H., Kim, J. S., Kim, N. Y., An, N. H., Kim, J. A., and Kim, Y.
C. (2001). Diarylheptanoids with Free Radical Scavenging and
Hepatoprotective Activity of Ememtype. Planta medica, 67(09); 876-
877.

Steward, W. P., and Gescher, A. J. (2008). Curcumin in cancer management:

recent results of analogue design and clinical studies and desirable future
research. Molecular Nutrition and Food Research, 52(9); 1005-1009.

135



Stenberg, P., Norinder, U., Luthman, K., Artursson, P. (2001). Experimental and
computational screening methods for the prediction of intestinal drug
absorption. Journal of Medicinal Chemistry, 44; 1927-1937.

Subramaniam, D., May, R., Sureban, S. M., Lee, K. B., George, R., Kuppusamy,
P., and Anant, S. (2008). Diphenyl difluoroketone: a curcumin derivative
with potent in vivo anticancer activity. Cancer Research, 68(6); 1962-
1969.

Sugimoto, K., Hanai, H., Tozawa, K., Aoshi, T., Uchijima, M., et al. (2002)
Curcumin prevents and ameliorates trinitrobenzene sulfonic acid-induced
colitis in mice. Gastroenterology, 123; 1912-1922.

Sumanasekera WK, Ilvanova MM, et al (2007a) Rapid effects of diesel exhaust
particulate extracts on intracellular signaling in human endothelial cells.
Toxicological Letters, 174(1-3); 61-73.

Suresh, D., and Srinivasan, K. (2007). Studies on the in vitro absorption of spice
principles—Curcumin, capsaicin and piperine in rat intestines. Food and
Chemical Toxicology, 45(8); 1437-1442.

Surh, Y. J. (2002). Anti-tumor promoting potential of selected spice ingredients
with antioxidative and anti-inflammatory activities: a short review. Food
Chemical Toxicology, 40; 1091-1097.

Suthikrai, A. P. N. P. W. and Binwihok, A. (2011). Toxicity Test of Kameng
(Eclipta prostrate Linn.) and Kradhuawean (Spilanthes acmella (Linn.) to
Early Life Stage of Zebrafish (Danio rerio). Thailand Journal of
Veterinary Medicine, 41(4); 523-527.

Tabrett, C. A., and Coughtrie, M. W. (2003). Phenol sulfotransferase 1Al
activity in human liver: kinetic properties, interindividual variation and
re-evaluation of the suitability of 4-nitrophenol as a probe
substrate. Biochemical Pharmacology,66(11); 2089-2097.

Talalay, P. (2000). Chemoprotection against cancer by induction of phase 2
enzymes. Biofactors, 12; 5-11.

Thomas, S. L., Zhong, D., Zhou, W., Malik, S., Liotta, D., Snyder, J. P., and
Giannakakou, P. (2008). EF24, a novel curcumin analog, disrupts the
microtubule cytoskeleton and inhibits HIF-1. Cell Cycle, 7(15); 2409-
2417.

Tiyaboonchai, W., Tungpradit, W., and Plianbangchang, P. (2007). Formulation
and  characterization of  curcuminoids loaded solid lipid
nanoparticles.International Journal of Pharmaceutics, 337(1); 299-306.

Tukey, R. H., Strassburg, C. P. (2000). Human UDPglucuronosyltransferases:
metabolism, expression, and disease. Annual Review of Pharmacology
and Toxicology, 40; 581-616.

136



Tukozkan, N., and Erdamar, H. (2006) Measurement of Total Malondialdehyde
in Plasma and Tissues by High-performance Liquid Chromatography and
Thiobarbituric Acids Assay. Firat Medical Journal, 11(2); 88 — 92.

Van der Logt, E. M. J., Bergevoet, S. M., Roelofs. H. M. J., van Hooijdonk, Z.,
te Morsche, R. H. M. (2004). Genetic polymorphisms in
UDPglucuronosyltransferases and glutathione Anticarcinogens and
detoxification in intestinal tumor cell lines S-transferases and colorectal
cancer risk. Carcinogenesis, 25; 2407-2415.

Van Bladeren, P. J. (2000). Glutathione conjugation as a bioactivation
reaction.Chemico-biological interaction, 129(1); 61-76.

Venkatesan N. Punithavathi D. Arumugam V. (2000). Curcumin prevents
Adriamycin nephrotoxicity in rats. British Journal of Pharmacology, 129
(2) 231-4.

Voelker, D., Vess, C., Tillmann, M., Nagel, R., Otto, G.W., Geisler, R.,
Schirmer, K., Scholz, S. (2007). Differential gene expression as a
toxicant sensitive endpoint in zebrafish embryos and larvae. Aquatic
Toxicology, 81; 355-364.

Volak, L. P., Ghirmai, S., and Cashman, J. R. (2008). Curcuminoids inhibit
multiple human cytochromes P450, UDP-glucuronosyltransferase, and
sulfotransferase enzymes, whereas piperine is a relatively selective
CYP3A4 inhibitor. Drug Metabolism and Disposition, 36(8); 1594-1605.

Wabhlstrom B, and Blennow G. (1978). A study on the fate of curcumin in the rat.
Acta Pharmacology and Toxicology(Copenhagen), 43 (2); 86-92.

Wahlang, B., Pawar, Y. B., and Bansal, A. K. (2011). Identification of
permeability-related hurdles in oral delivery of curcumin using the
Caco-2 cell model. European Journal of Pharmaceutics and
Biopharmaceutics, 77(2); 275-282.

Wang, M., Roberts, D. L., Paschke Zhong, W. Z., Zhan, J., Kang, P., and
Yamazaki, S. (2010). Gender specific drug metabolism of PF-02341066
in rats—role of sulfoconjugation. Current Drug Metabolism, 11(4); 296-
306.

Wang, Z., Hasegawa, J., Wang, X., Matsuda, A., Tokuda, T., Miura, N., and
Watanabe, T. (2011). Protective effects of ginger against aspirin-induced
gastric ulcers in rats. Yonago Acta Medica, 54(1); 11 — 19.

Wang, L., Wang, L., Song, R., Shen, Y., Sun, Y., Gu, Y., and Xu, Q. (2011).
Targeting sarcoplasmic/endoplasmic reticulum Ca2+-ATPase 2 by
curcumin induces ER stress-associated apoptosis for treating human
liposarcoma. Molecular Cancer Therapeutics, 10(3); 461-471.

Warne, M. S. J., and van Dam, R. (2008). NOEC and LOEC data should no
longer be  generated or  used. Australasian  Journal  of
Ecotoxicology, 14(1); 1 - 5.

137



Westerfield, M. (2007). The Zebrafish Book, 5" Edition; A guide for the
laboratory use of zebrafish (Danio rerio), Eugene, University of Oregon.
6-12.

Wolfe, J. D., Metzger, A. L., and Goldstein, R. C. (1974). Aspirin hepatitis.
Annals of Internal Medicine, 80(1); 74-76.

Wu, J. Y., Lin, C. Y., Lin, T. W., Ken, C. F., and Wen, Y. D. (2007). Curcumin
affects development of zebrafish embryo. Biological and Pharmaceutical
Bulletin,30(7); 1336-1339.

Yakubu, N., Oboh, G., and Olalekan, A. A. (2013). Antioxidant and
Hepatoprotective Properties of Tofu (Curdle Soymilk) against
Acetaminophen-Induced Liver Damage in Rats. Biotechnology Research
International, 2013;1 — 7.

Yamazaki, H., Ueng, Y. F., Shimada, T., and Guengerich, F. P. (1995). Roles of
divalent metal ions in oxidations catalyzed by recombinant cytochrome
P450 3A4 and replacement of NADPH-cytochrome P450 reductase with
other flavoproteins, ferredoxin, and oxygen
surrogates. Biochemistry, 34(26); 8380-8389.

Yang, K.Y., Lin, L.C., Tseng, T.Y., Wang, S.C., Tsai, T. H. (2007). Oral
bioavailability of curcumin in rat and the herbal analysis from Curcuma
longa by LC-MS/MS. Journal of Chromatography,
Analytical, Technological and Biomedical Life Sciences, 853(1-2); 183-9.

Ye, J., and Zhang, Y. (2012). Curcumin protects against intracellular amyloid
toxicity in rat primary neurons. International Journal of Clinical and
Experimental Medicine, 5(1); 44 — 49.

Youssef, K. M., EI-Sherbeny, M. A., El-Shafie, F. S., Farag, H. A., Al-Deeb, O.
A., and Awadalla, S. A. A. (2004). Synthesis of curcumin analogues as
potential antioxidant, cancer chemopreventive agents. Archiv der
Pharmazie, 337(1); 42-54.

Yu, H., and Huang, Q. (2011). Investigation of the absorption mechanism of
solubilized curcumin wusing Caco-2 cell monolayers. Journal of
Agricultural and Food Chemistry, 59(17); 9120-9126.

Zhao, B., Li, X., He, R., Cheng, S., and Wenjuan, X. (1989). Scavenging effect
of extracts of green tea and natural antioxidants on active oxygen
radicals. Cell Biophysics, 14(2); 175-185.

Zhang, F., Altorki, N. K., Mestre, J. R., Subbaramaiah, K., and Dannenberg, A.
J. (1999). Curcumin inhibits cyclooxygenase-2 transcription in bile acid-
and phorbol ester-treated human gastrointestinal epithelial cells.
Carcinogenesis,20; 445 - 451.

Zhang, Y., Yang, L., Zu, Y., Chen, X., Wang, F., and Liu, F. (2010). Oxidative
stability of sunflower oil supplemented with carnosic acid compared with

138



synthetic antioxidants during accelerated storage. Food
Chemistry, 118(3); 656-662.

Zon, L. 1., Peterson, R. T. (2005). In vivo drug discovery in the zebrafish. Nature
Reviews Drug Discovery, 4(1); 35-44.

Zhong, W. Z., Zhan, J., Kang, P., and Yamazaki, S. (2010). Gender specific drug
metabolism of PF-02341066 in rats—role of sulfoconjugation. Current
Drug Metabolism, 11(4); 296-306.

Zhong, F., Chen, H., Han, L., Jin, Y., and Wang, W. (2011). Curcumin attenuates
lipopolysaccharide-induced  renal  inflammation. Biological  and
Pharmaceutical Bulletin, 34(2); 226-232.

Zimmerman, H. J. (1981). Effects of aspirin and acetaminophen on the liver.
Archives of Internal Medicine, 141(3); 333-342.

139



	FBSB 2015 4IR.pdf
	TOXICITY, PERMEABILITY AND DRUG-METABOLIZING ENZYMEACTIVITIES OF CURCUMIN ANALOGUES
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES




