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PHARMACOKINETICS AND
PHARMACODYNAMICS OF CURCUMIN

Ricky A. Sharma, William P. Steward, and Andreas J. Gescher

Abstract: Curcuma spp. contain turmerin, essential oils, and curcumi-
noids, including curcumin. Curcumin [1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione] is regarded as the most biologically active constituent of the
spice turmeric and it comprises 2—8% of most turmeric preparations. Preclinical
data from animal models and phase I clinical studies performed with human vol-
unteers and patients with cancer have demonstrated low systemic bioavailability
following oral dosing. Efficient first-pass metabolism and some degree of intesti-
nal metabolism, particularly glucuronidation and sulfation of curcumin, might
explain its poor systemic availability when administered via the oral route. A
daily oral dose of 3.6 g of curcumin is compatible with detectable levels of the
parent compound in colorectal tissue from patients with cancer. The levels demon-
strated might be sufficient to exert pharmacological activity. There appears to be
negligible distribution of the parent drug to hepatic tissue or other tissues beyond
the gastrointestinal tract. Curcumin possesses wide-ranging anti-inflammatory and
anticancer properties. Many of these biological activities can be attributed to its
potent antioxidant capacity at neutral and acidic pH, its inhibition of cell signaling
pathways at multiple levels, its diverse effects on cellular enzymes, and its effects
on cell adhesion and angiogenesis. In particular, curcumin’s ability to alter gene
transcription and induce apoptosis in preclinical models advocates its potential
utility in cancer chemoprevention and chemotherapy. With regard to considerable
public and scientific interest in the use of phytochemicals derived from dietary
components to combat or prevent human diseases, curcumin is currently a leading
agent.

1. INTRODUCTION

There has been considerable public and scientific interest in the use of phyto-
chemicals derived from dietary components to combat or prevent human dis-
eases, especially the two commonest killers in the developed world: cardiovascu-
lar disease and cancer. The dried, ground rhizome of the perennial herb Curcuma
longa Linn. has been used in Asian medicine since the second millenium Bc.!
Its utility is referred to in the ancient Hindu scripture, the Ayurveda. In addition
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to its aromatic, stimulant, and coloring properties in the diet, turmeric is mixed
with other natural compounds such as slaked lime and has been used topically
as a treatment for wounds, inflammation, and tumors. In contrast to the high di-
etary consumption (up to 1.5 g curcumin per person per day) in certain Southeast
Asian communities, smaller quantities of turmeric tend to be used for medicinal
purposes.? The appeal of turmeric as a coloring, food preservative, and flavoring is
global; according to the Food and Agriculture Organization of the United Nations,
over 2400 metric tons of turmeric are imported annually into the United States for
consumer use.

Curcuma spp. contain turmerin (a water-soluble peptide), essential oils
(such as turmerones, atlantones, and zingiberene), and curcuminoids, includ-
ing curcumin [1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione].
Curcumin, which was first chemically characterized in 1910, is regarded as the
most biologically active constituent of turmeric and comprises 2-8% of most
turmeric preparations.’®* Curcumin has been the subject of hundreds of published
articles over the past three decades, studying its antioxidant, anti-inflammatory,
cancer chemopreventive, and potentially chemotherapeutic properties. The phar-
macology and putative anticancer properties of curcumin have been the subject
of several review articles,”’ publication of which predates a number of clinical
studies of curcumin that have been completed and reported within the last 2 years.
The purpose of this chapter is to appraise the current level of knowledge of the
fate of curcumin in mammalian organisms and its pharmacodynamic properties,
with particular reference to its potential use in the chemoprevention of human
cancer.

2. PHARMACOKINETICS AND METABOLISM

2.1. Pharmacokinetics and Metabolism in Rodents

The absorption, distribution, metabolism, and excretion of curcumin in rodents
have been described in at least 10 studies over the past three decades. Collectively,
these studies support the notion that curcumin undergoes a rapid and efficient
metabolism that severely curtails the availability of parent compound in the bio-
phase. In an early study in rats, a dietary dose (1 g/kg) administered to rats resulted
in about 75% of species related to curcumin being detected in feces, whereas negli-
gible amounts appeared in the urine.® In another early article, absorption of oral cur-
cumin was 60%; urinary agent-derived species were characterized as glucuronide
and sulfate conjugates.” When curcumin bioavailability was investigated using a
3H-radiolabeled agent, the vast majority of the oral dose was excreted in the feces
and one-third was excreted unchanged.'® Intravenous and intraperitoneal admin-
istration of curcumin in rats resulted in large quantities of curcumin and metabo-
lites in bile.!"'> The metabolites were characterized mainly as glucuronides of
tetrahydrocurcumin and hexahydrocurcumin. After intravenous dosing, more than
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Figure 1. Major metabolites of curcumin detected in rodents and humans.

50% of the dose was excreted in the bile within 5 h. This finding was interpreted
as evidence in support of the hypothesis that curcumin undergoes biotransfor-
mation during absorption in the intestinal tract and enterohepatic recirculation.'!
More recently, curcumin (0.1 g/kg) administered intraperitoneally to the mouse
was found to undergo metabolic reduction to dihydrocurcumin and tetrahydrocur-
cumin, which, in turn, were converted to monoglucuronide conjugates.!* High-
pressure liquid chromatography (HPLC) analysis of plasma from rats that had
received oral curcumin demonstrated substantial levels of curcumin glucuronide
and curcumin sulfate, small quantities of hexahydrocurcumin, hexahydrocurcum-
inol, and hexahydrocurcumin glucuronide and negligible amounts of curcumin
(see Figure 1).'* In suspensions of isolated human hepatocytes, or in microsomes
derived from liver or gut tissues of rats and humans, curcumin was rapidly reduced
to metabolites, as shown in Figure 1.'> In a separate study in rats, a high dose of
curcumin mixed into the diet (2%, equating to approximately 1.2 g/kg) for 14 days
yielded low-nanomolar levels of the parent compound in the plasma, with con-
centrations in the liver and colon mucosa ranging from 0.1 to 1.8 nmol/g tissue.'¢
It is also conceivable that other constituents of the dietary matrix might alter the
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bioavailability of curcumin. When oral curcumin (2 g/kg) is coadministered to
rats with I-piperoylpiperidine (piperine), a constituent of the fruit of the pepper
vine (piper nigrum) that induces glucuronyl transferase enzymes, the systemic
bioavailability of curcumin might be increased by as much as 154%.!7

2.2. Clinical Pharmacokinetics and Metabolism

In comparison to the preclinical work summarized above, comprehensive phar-
macokinetic data in humans do not exist. Healthy volunteers who ingested 2 g
pure curcumin powder after fasting showed less than 10 ng/mL curcumin in their
plasma 1 h postdose.'” In the same study, coingestion of curcumin with 20 mg
of piperine appeared to increase the bioavailability of curcumin by 2000%. In a
study of oral curcumin, patients with preinvasive malignant or high-risk prema-
lignant conditions of the bladder, skin, cervix, stomach, or oral mucosa received
0.5-8 g curcumin by mouth daily for 3 months.'® Plasma curcumin concentrations
were found to peak 1-2 h after intake and gradually declined within 12 hours. The
8-g/day dose resulted in a peak serum concentration of 1.75 £ 0.80 wM. When
curcumin in micronized form was administered orally with orange juice at doses
of 50-200 mg to 18 healthy volunteers, curcumin was not found in the plasma at
or above the limit of quantitation (approximately 0.63 ng/mL)."”

In a clinical phase I dose-escalation study using a standardized oral Curcuma
extract comprised mainly of curcumin, doses up to 180 mg of curcumin per day
were administered to patients with advanced colorectal cancer for up to 4 months
without toxicity or detectable systemic bioavailability.?’ In a follow-up study in
15 patients with advanced colorectal cancer refractory to standard chemotherapy,
curcumin in the form of “Curcuminoids C3” (Sabinsa Corp., 90% curcumin) was
consumed orally for up to 4 months at doses of curcumin between 0.45 and 3.6 g
daily.?! Oral consumption of 3.6 g of curcumin per day resulted in levels of drug and
glucuronide/sulfate conjugates in plasma near the limit of detection (5 pmol/mL).
Curcumin and its conjugates were also detected in 24-h urine collections. In the six
patients who had consumed 3.6 g curcumin, urinary levels (in M) varied between
0.1 and 1.3 for curcumin, between 0.019 and 0.045 for curcumin sulfate, and
between 0.21 and 0.51 for curcumin glucuronide. The presence of curcumin and
its conjugates in the urine of patients taking 3.6 g of curcumin daily suggests that
urinary curcumin/curcumin metabolites might serve as measures of compliance
with treatment.

Exploratory studies have also been performed in patients undergoing opera-
tions for colorectal cancer who consented to have tissues analysed for research
purposes.?>?* Twelve patients with confirmed colorectal cancer received oral cur-
cumin at 0.45, 1.8, or 3.6 g/day for 7 days prior to surgery. Levels of agent-derived
species were determined in blood and colorectal tissue obtained at the time of
surgical resection. The mean concentrations of curcumin in normal and malignant
colorectal tissue of patients who had ingested 3.6 g curcumin daily were 12.7
and 7.7 nmol/g tissue, respectively.?? Curcumin sulfate and curcumin glucuronide
were also found in the intestinal tissue taken from these patients; trace levels of
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curcumin were detected in peripheral blood samples. Compatible with the pre-
clinical data presented earlier, these preliminary results in humans suggest that a
daily dose of 3.6 g curcumin achieves measurable levels in colorectal tissue with
negligible distribution of the parent drug outside of the gut. When 12 patients with
liver metastases from colorectal cancer received oral curcumin (0-3.6 g) daily for 7
days prior to hepatic surgery, curcumin was not found in liver tissue resected 67 h
after the last dose of curcumin, whereas trace levels of products of its metabolic
reduction were detected.”? Levels of curcumin and glucuronide and sulfate con-
jugates in the low-nanomolar range were found in blood samples taken 1 h after
the last dose. The results of this pilot study suggest that doses of oral curcumin
required to produce hepatic levels sufficient to exert pharmacological activity are
probably not feasible in humans.

To summarize the data from pilot and phase I clinical studies performed with
curcumin, it appears that low systemic bioavailability following oral dosing is con-
sistent with the findings in preclinical models presented earlier. Efficient first-pass
and some degree of intestinal metabolism of curcumin, particularly glucuronida-
tion and sulfation, might explain its poor systemic availability when administered
via the oral route. A daily oral dose of 3.6 g of curcumin results in detectable levels
in colorectal tissue, which might be sufficient to exert pharmacological activity,
with negligible distribution of the parent drug in hepatic tissue or other tissues
beyond the gastrointestinal tract.

3. PHARMACODYNAMICS AND SAFETY

3.1. Pharmacodynamics in Preclinical Models

Curcumin has been shown to exert a fascinating array of pharmacological effects
in cells in vitro at physiologically attainable and supraphysiological concentrations
(see Chapter 10). Table 1 lists some of these activities, many of which are highly
relevant to the cancer chemopreventive activity and pharmacodynamic properties
of curcumin. In the following subsections, evidence is reviewed pertaining to
the ability of curcumin to interfere with carcinogenesis, drug- and carcinogen-
metabolizing enzymes, and biological oxidative processes in rodents in vivo.

3.1.1. Inhibition of Carcinogenesis

Following oral administration, curcumin prevented cancer in the colon, skin, stom-
ach, liver, lung, duodenum, soft palate, and breasts of rodents.?*?> In particular, the
effects of dietary curcumin (0.05-2.0%) on colorectal carcinogenesis have been
demonstrated in both carcinogen-induced and genetic rodent models. Curcumin
inhibited carcinogenic initiation, as reflected by decreased levels of adducts in-
duced by benzo[a]pyrene or by aflatoxin B;.2%?” In intestinal cancer induced in
mice by azoxymethane, oral curcumin (2000 ppm) for 14 weeks produced a sig-
nificant increase in the apoptotic histological index when compared to controls.?
In the azoxymethane-induced rat colon cancer model, dietary curcumin (0.8%)
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Table 1. Molecular targets of curcumin in cells grown in vitro relevant to the
chemoprevention of cancer.

Protein kinases (MAPK, JNK, PKA, Inhibition, downregulation 67
PKC, src tyrosine kinase, IkBa
kinase, growth factor receptor
protein tyrosine kinases)
Antiapoptotic proteins Induction of cytochrome-c release, 68-71
Bid cleavrage, activation of
caspase-3 and caspase-9,
downregulation of Bcl-2 and
BcelX2
Proinflammatory proteins Downregulation of COX-2, 5-LOX,
and iNOS
Cytokines/growth factors Downregulation of TNF, IL-6, IL-8, 7274
IL-12, and fibroblast growth
factor-2
Transcription factors Suppression of NF-kB, STAT3, 59, 60, 75
Egr-1, AP-1, and PPAR-vy,
activation of (3-catenin
Oxidant systems Upregulation of heme oxygenase, 76,77
glutathione transferases,
downregulation of xanthine
oxidase, scavenging reactive

oxygen/superoxide
Phase I and Phase 11 Inhibition of CYP1A1 78,79
drug/carcinogen-
metabolizing enzymes
Metalloproteinases MMP-9 expression 80

Abbreviations: AP, activator protein; JNK, c-Jun NH;-terminal kinases; PK, protein kinase; COX,
cyclooxygenase; LOX, lipooxygenase; NOS, nitric oxide synthase; NF, nuclear factor; TNF, tumor
necrosis factor; IL, interleukin; PPAR, peroxisome proliferators-activated factor; CYP, cytochromes
p450; MMP, matrix metalloproteinase; STAT, signal transducer and activator of transcription; EGR,
early growth response; CYP, cytochromes p450.

halved the number of aberrant crypt foci compared with control.”” Genetic mod-
els, such as the multiple intestinal neoplasia (e.g. Apc¥™) mouse, permit the study
of the inhibition of the promotion phase of carcinogenesis. Curcumin interfered
with adenoma formation in the Apc”™ mouse, which harbors an adenomatous
polyposis coli (APC) gene mutation and is a model of the human disease familial
adenomatous polyposis.® When administered in the diet at 0.1% and 0.2 % for the
animals’ lifetimes, a significant decrease in adenoma number was observed com-
pared to control animals.>3' The decrease after the latter dose was accompanied by
downregulation of the expression of the enzyme cyclooxygenase-2 (COX-2) and
attenuation of tissue oxidative status, as reflected by levels of the oxidative DNA
adduct pyrimido-[1,2a]purin-10(3H)-one-2'-deoxyguanosine (M;dG).>? The di-
etary dose of 0.2%, which equates to approximately 300 mg/kg per day, furnished
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only trace levels of curcumin and metabolites in the plasma, but concentrations of
curcumin in the 100-nmol/g tissue range in the gastrointestinal mucosa.’' This re-
sult might provide a tentative “target concentration,” although reliable strategies to
extrapolate these levels to the equivalent levels in human gastrointestinal mucosa
do not currently exist.

Topical application of curcumin (3 or 10 pmol curcumin, 5 min prior to the ap-
plication of carcinogen) has been shown to inhibit chemical carcinogenesis of the
skin. In this series of studies, tumor initiation was induced by benzo[a]pyrene or
7,12-dimethylbenz[a]antracene (DMBA) and tumor promotion was induced by 12-
O-tetradecanoylphorbol-13-acetate. Potential mechanisms of these effects were
considered to involve inhibition of arachidonic acid-induced inflammation, inhi-
bition of hydrogen peroxide formation, and inhibition of ornithine decarboxylase
activity/transcription, which is a rate-limiting step in polyamine biosynthesis.*?
Topical application of curcumin (10 mmol) three times weekly to the buccal pouch
of Syrian golden hamsters has also demonstrated inhibition of DMBA-induced
oral carcinogenesis.** In this early example of “combinatorial chemoprevention,”
the effect of topical curcumin appeared to be enhanced by the concomitant con-
sumption of green tea (6 mg tea solids/mL) for 18 weeks.** Subsequent studies
combining curcumin with other chemopreventive agents have also shown aug-
mented growth inhibitory effects. It should also be noted that studies have also
been performed that have demonstrated no attenuation of chemically induced
carcinogenesis by curcumin. For example, dietary curcumin (500 ppm) did not
affect prostate carcinogenesis in rats exposed to 3,2’-dimethyl-4-aminobiphenol
(DMAB)- or 2-amino-1-methylimidazo[4,5-b]pyridine (PhIP).3> Although there
are numerous reports in the published literature to suggest that curcumin aug-
ments the cytotoxicity of anticancer drugs such as paclitaxel in cells in vitro,*¢->’
observations that confirm this notion in vivo are lacking at present. In a human
breast cancer xenograft model, nude mice bearing the human-derived MDA-MB-
435 breast tumor received dietary curcumin (2%) after excision of the primary
tumor: Curcumin consumption decreased the load of breast cancer metastases and
concomitantly suppressed the expression of nuclear factor (NF)-«kB, COX-2, and
matrix metalloproteinase-9 (MMP-9) in the lung metastases that did form. Inter-
estingly, certain rodent studies have suggested a potential for curcumin to confound
unwanted detrimental effects of cytotoxic anticancer drugs. For example, curcumin
administered to rats by gavage (100 or 200 mg/kg daily for 7 days) ameliorated
chromosomal mutations induced by cyclophosphamide in the bone marrow.® The
diversity of the biological actions of curcumin in mammalian species was recently
emphasized by a noteworthy study demonstrating its beneficial effects in mice
homozygous for a complete knockout of a gene linked with cystic fibrosis.*

3.1.2. Effects on Carcinogen-Metabolizing Enzymes and Oxidant Systems

Phase II drug- and carcinogen metabolizing enzymes such as glutathione-S-
transferases (GST) render xenobiotics more water soluble, thus facilitating their
excretion. Because induction of phase Il enzymes stimulates carcinogen excretion,
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it is generally thought to confer a protective effect. Epoxide hydrolase and vari-
ous hepatic GST isoenzymes were significantly increased upon curcumin feeding
in mice*’; in other studies, total GST activity was induced by dietary curcumin
in both mice and rats.*'~*A structure—activity study of the potency of curcumin
analogues suggested that their ability to induce phase II enzymes might be linked
to the presence of the phenolic hydroxy and B-diketone groups.** Although in-
duction of GST activity might be desirable in the prevention of the early stages
of carcinogenesis, in patients with advanced malignancy GST isozymes might be
aberrantly overexpressed and linked with resistance to chemotherapy.*> Paradoxi-
cally, curcumin also appears capable of inhibiting GST isoenzyme expression. An
example is provided by a study of GSTP1 expression in leukemia cells, in which
an association was observed between the level of inhibition by curcumin and the
induction of apoptosis.*®

Nitric oxide (NO) is a short-lived, lipophilic molecule generated from L-arginine
by various NADPH-dependent enzymes called NO synthases (NOS).#’ NO is in-
volved physiologically in vasorelaxation, neurotransmission, inhibition of platelet
aggregation, immune defense, and intracellular signaling. NO has an unpaired
electron and is therefore a free-radical species; its bioactivity is related to the pro-
duction of many reactive intermediates and many of these reactive nitrogen species
are capable of damaging DNA or hindering DNA repair.*34° Peak inducible NOS
(iNOS) activity might relate to the transition of colonic adenomas to carcinomas.*®
Upregulation of COX-2 via NF-kB or activator protein (AP)-1 pathways, or in-
creasing intracellular concentrations of reduced glutathione, appears to confer
resistance to NO-induced apoptosis in malignant cells in vitro.”'->? Ex vivo studies
have suggested that the inducibility of macrophage NOS activity is inhibited by
1-20 wM concentrations of curcumin.> In mice that received curcumin at a dose
of as little as 92 ng/g body weight in aqueous alkaline solution with the drinking
water, hepatic lipopolysaccharide-induced iNOS gene expression was significantly
inhibited.>* Because inhibition of iNOS activity might represent a mechanism of
intervention during carcinogenesis, the activity of curcumin at such low concen-
trations has considerable implications for cancer chemoprevention. Nevertheless,
this effect needs to be reproduced in other experiments.

3.2. Clinical Pharmacodynamics
3.2.1. Dose-Effect Relationships

Substantial data supporting a dose-response relationship for any biomarker of
the pharmacological efficacy of curcumin in humans are currently lacking.
Nevertheless, several observations in volunteers and patients suggest that curcumin
might possess systemic biological activity at low oral doses. A single oral dose of
20 mg of curcumin appeared to induce contraction of the gallbladder as adjudged
by ultrasound scanning in human volunteers, compared to an amylum placebo.>
Two potential surrogate biomarkers of the efficacy of curcumin were evaluated in
the blood of patients with advanced colorectal cancer who received up to 180 mg
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of curcumin per day for up to 4 months.’® In three patients on 36 mg of cur-
cumin daily, lymphocytic activity of GST was decreased with time to reach 41%
of control (untreated) on day 29 of treatment. This decline was not observed at the
higher dose levels and was not reproduced in a subsequent study of higher doses in
the patients with the same disease.?! Similarly, consumption of curcumin did not
affect blood leukocyte levels of the oxidative DNA adduct, pyrimido-[1,2a]purin-
10(3H)-one-2'-deoxyguanosine (M;dG), although interesting observations were
made regarding GST isoenzyme genotypes and baseline leukocytic M;dG adduct
levels.

In contrast to leukocyte M;dG and GST, the inducibility of prostaglandin (PG)
E, production in whole blood ex vivo might represent a surrogate biomarker for
assessing the pharmacological activity of curcumin at a systemic level. COX-2
is an important target for chemoprevention, and its pharmacological modulation
mght hold implications for cancer treatment. At least part of the effect of curcumin
on inducible PGE, production in human blood can be attributed to inhibition of
COX2 transcription, which might be due to the inhibition of the NF-kB-activating
enzymes IKK-a/B.57-38 The effect of curcumin described in an ex vivo assay de-
veloped using blood from healthy volunteers®® was associated with a daily oral
dose which furnished plasma levels in the 10~® M range in patients with advanced
colorectal cancer.!® This concentration of curcumin is less than a hundredth of
that shown in vitro to elicit an effect in blood or colon cells.'*>” Blood was taken
immediately predose or 1 h postdose on days 1, 2, 8, and 29 of treatment with
3.6 g of curcumin daily.?! Following the addition of acetylsalicylic acid (200 wM)
to eliminate COX-1 activity, whole blood was incubated for 24 h in the presence
of lipopolysaccharide (LPS, 10 pg/mL).% In the same trial, oral administration of
curcumin did not impact on nonstimulated PGE; levels in leukocytes, nor did doses
of 0.45-1.8 g daily alter LPS-induced PGE,. In contrast, consumption of 3.6 g of
curcumin daily affected LPS-induced PGE; levels.?! When values obtained im-
mediately predose or 1 h postdose on days 1, 2, 8, and 29 were pooled for the
six patients consuming this dose, PGE, levels observed postdose were 46% lower
than those measured immediately predosing. The difference reached significance
on days 1 and 29 of treatment but not on day 2 or day 8; this discrepancy could
not be explained scientifically by the study investigators.?! Although these results
tentatively suggest that consumption of 3.6 g of curcumin daily was linked with
inhibition of PGE, induction in blood taken postdose compared to blood taken
predose, overall time-dependent trends were not identified and dose-response was
not demonstrated for this biomarker. Although the ex vivo assay described using
human blood is limited in its clinical application by the high interindividual and
high intraindividual variability,’® the results suggest the feasibility and potential
utility of measurement of PGE, levels in target tissue as a biomarker to reflect
potential anticancer activity of curcumin. It should also be noted that curcumin
sulfate and products of metabolic reduction of curcumin also inhibit PGE, pro-
duction in colon cells grown in vitro, although their inhibitory potency appeared
lower than that of parent curcumin in colon cancer cells.'* Similarly, the activity
of curcumin metabolites, relative to the parent compound, on levels of enzymes
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involved in glucose and lipid metabolism has been demonstrated in other preclin-
ical models.”

In parallel with studies in which potential changes in blood taken from patients
with advanced colorectal cancer were analyzed, exploratory clinical investiga-
tions have also been performed in patients undergoing operations for resectable
colorectal cancer in whom colorectal and hepatic tissues have been analyzed to
study potential pharmacodynamic effects.?>?* Twelve patients with confirmed col-
orectal carcinoma received oral curcumin at 0.45, 1.8, or 3.6 g/day for 7 days prior
to surgery. Whereas ingestion of 3.6 g of curcumin daily for 1 week affected
M;dG levels in patients’ colorectal tissue, it did not decrease COX-2 protein ex-
pression in this tissue.?? Interestingly, M;dG adduct levels were 2.5-fold higher
in malignant colorectal tissue than normal colorectal mucosa. Whereas adminis-
tration of curcumin did not affect M;dG levels in normal colorectal mucosa, it
caused a 58% decrease in adduct levels in malignant colorectal tissue. The ef-
fect was only observed at the highest dose level; it requires replication in a larger
study before definite conclusions can be made. As in the above-presented results,
a dose—response relationship was not established. A similar study of hepatic tissue
with the same oral dosing regime suggested that the levels of curcumin attained in
normal and malignant liver tissues were insufficient to exert biological activity.??

3.2.2. Anti-inflammation

Data from preclinical models would suggest that suppression by curcumin of the
inflammatory response might involve inhibition of the induction of COX-2 and
iNOS and the production of cytokines such as interferon-y, at least in part due to
its suppression of the Janus kinase (JAK)—STAT signaling cascade via its effect on
the Src homology 2 domain-containing protein tyrosine phosphatases (SHP)-2.%
Compatible with these immunological effects, data from an experiment involving
chemical-induced inflammatory bowel disease in mice suggested that curcumin
might be of value in the treatment of this disease.®

A number of studies have addressed the effect of oral curcumin on inflammatory
diseases in humans. Curcumin at 400 mg three times daily for 5 days caused a
significant anti-inflammatory effect measured objectively and subjectively in post-
operative patients.®' In a double blind study, 300 mg curcumin was administered
four times daily to 18 patients with rheumatoid arthritis for 2 weeks.®> The au-
thors reported a significant improvement in their inflammatory symptoms without
apparent toxicity.®>Ten patients with inflammatory bowel disease received pure
curcumin at doses between 0.55 and 1.65 g daily for up to 2 months; all patients
showed encouraging clinical improvement.%?

One research team has studied the effects of oral curcumin on ophthalmological
conditions. In their first study, 375 mg of curcumin was administered three times
daily to patients with chronic anterior uveitis for 12 weeks, resulting in a sugges-
tion of improvement in the condition.®* In their second study, the same dose of
curcumin was administered to eight patients with idiopathic inflammatory orbital
pseudotumors for 622 months.®> Complete responses were observed in half of
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the patients up to 2 years of follow-up. Although histopathological details were not
presented in this report, inflammatory orbital pseudotumor is currently regarded
as low-grade non-Hodgkin’s lymphoma in most cases; hence, this result hints at
potential anticancer activity.

3.2.3. Anticarcinogenesis

Induction of apoptosis by curcumin in cancer cells is mediated via a variety of
mechanisms (see Chapter 11). Such findings suggest that curcumin might have
some potential for chemotherapeutic activity in the treatment of cancer. In this
regard, there are published anecdotes of the activity of curcumin as a topical
treatment for cancer. One example is the use of turmeric as a treatment for oral
cancers and leukoplakia, in which the authors report a significant reduction in the
size of the lesions in 10% of the 62 patients treated.®® Unfortunately, there was
no control group, no assessment of anti-inflammatory activity and no chemical
analysis of the preparation applied in this study.

In a pilot trial performed in the United Kingdom, low doses (36—180 mg) of
curcumin were administered daily for up to 4 months to patients with progressive
advanced colorectal cancer, refractory to standard chemotherapies.?’ Five out of 15
patients treated in this study experienced radiologically stable disease for 3 months
or longer. In one patient, venous levels of the tumor marker carcinoembryonic
antigen (CEA) decreased during treatment. In a subsequent study in patients with
progressive advanced colorectal cancer, doses of 0.45-3.6 g of curcumin were
administered daily. Radiologically stable disease was observed in 2 out of 15
patients for up to 4 months of treatment.?!

Considering both of these studies together, although there were perhaps hints
of cytostatic activity using macroscopic measures in these patients, the variable
natural history of colorectal cancer renders the results difficult to interpret.

In a study performed in Taiwan, the potential anticancer activity of 1-8 g of
curcumin (500 mg of curcumin per capsule, 99% pure) daily for 3 months was
studied in patients with preinvasive malignant or high-risk premalignant conditions
of the bladder, skin, cervix, stomach, or oral mucosa.!® Doses above 8 g per day
were not tolerated by patients because of the excessive number of capsules that
had to be consumed daily. Histological improvement was noted in one of two
patients with presumed bladder carcinoma in situ, two of seven patients with oral
leukoplakia, one of six patients with stomach metaplasia, one of four patients
with cervical intraepithelial neoplasia (CIN), and two of six patients with Bowen’s
disease of the skin. Conversely, in one of four patients with CIN and one of seven
patients with oral leukoplakia, the treatment failed to prevent the development
of invasive malignancy during the 3-month study period. The small numbers of
patients with each condition, the variable natural history of premalignant lesions,
and the lack of blinding of the interpreting pathologists make it difficult to draw
definite conclusions. Nevertheless, the histological representations of treatment
effects presented in this report reemphasise the biological activity that curcumin
might possess in a range of human tissues.
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3.3. Safety

Although the experience of using curcumin in the diet for many centuries inspires
confidence in its safety, one cannot assume a priori that diet-derived agents are
innocuous when administered as pharmaceutical formulations at doses that gen-
erally exceed those consumed in the dietary matrix. Anecdotal reports suggest
that dietary consumption of turmeric up to 1.5 g per person per day, equating to a
probable maximum of 150 mg of curcumin daily, are not associated with adverse
effects in humans.? Studies of curcumin in animals have confirmed a lack of sig-
nificant toxicity. In an early investigation, doses up to 5 g/kg were administered
orally to Sprague-Dawley rats, resulting in no demonstrable toxicity.® Systematic
preclinical safety studies orchestrated by the US National Cancer Institute (NCI)
did not discover any adverse effects in rats, dogs, or monkeys at doses of up to 3.5
g/kg administered up to 3 months in duration.?* One early report suggested a po-
tentially ulcerogenic effect of dietary curcumin in the stomach of the albino rat,®’
but this finding has not been replicated in subsequent rodent studies. In more recent
preclinical investigations of dietary curcumin, toxicity has not been observed at
2% of the diet in rats'® (approximately 1.2 g/kg) or at 0.2% of the diet in mice’!
(approximately 300 mg/kg).

Only a few clinical studies of oral curcumin and curcuminoids have reported
discernible adverse effects. Unfortunately, many investigators have not stated in
their reports which methods or scales have been used to assess potential toxicity.
Administration of 1.2-2.1 g of oral curcumin daily to patients with rheumatoid
arthritis for 2-6 weeks did not result in any adverse effects.> Similarly, 10 patients
with inflammatory bowel disease received pure curcumin daily at between 0.55
and 1.65 g for up to 2 months without clinical manifestations of toxicity.> No
significant adverse events were observed in a study of up to 8 g of oral curcumin
daily for 3 months in patients with preinvasive malignant or high-risk premalig-
nant conditions.'® In patients with advanced colorectal cancer, curcumin was well
tolerated at all dose levels up to 3.6 g daily for up to 4 months.?! Two types of
gastrointestinal adverse event were reported by patients in this study, which were
probably related to curcumin consumption: Two patients (on 0.45 and 3.6 g cur-
cumin daily) developed diarrhea (NCI grades 1 and 2) 1 month and 4 months into
treatment, respectively. One patient, who was receiving 0.9 g of curcumin daily,
experienced nausea (NCI toxicity grade 2), which resolved spontaneously despite
continuation of treatment. Two abnormalities were detected in blood tests, both of
which might have been related either to curcumin treatment or malignant disease
progression: Increases in serum alkaline phosphatase levels were observed in four
patients and in serum lactate dehydrogenase in three patients.

Overall, the comprehensive preclinical data and the phase I clinical data cur-
rently available inspire cautious confidence that curcumin possesses a safety spec-
trum suitable for a chemopreventive agent. In the planning of future studies using
curcumin in any patient group, special attention must to be paid to the systematic
documentation of potential toxicities that ultimately might influence the feasibility
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of administering curcumin to healthy individuals over prolonged periods in the set-
ting of clinical chemoprevention.

4. CONCLUSIONS

Curcumin possesses anti-inflammatory and anticarcinogenic properties in rodent
models and there are suggestions of related pharmacodynamic effects in a few
clinical pilot studies. Many of these activities can be attributed to its potent an-
tioxidant capacity, its inhibition of cell signaling pathways at multiple levels, and
its diverse effects on cellular enzymes, angiogenesis, and cell adhesion. In par-
ticular, the ability of curcumin to affect gene transcription and induce apoptosis
in malignant cells advocates its potential utility in cancer chemoprevention and
perhaps chemotherapy. Phase I clinical data have confirmed that the low systemic
bioavailability of curcumin following oral dosing limits the tissues that the par-
ent compound can reach at efficacious concentrations to exert beneficial effects.
Nevertheless, the attainment of physiologically active levels of curcumin in the
gastrointestinal tract, particularly the colon and rectum, has been demonstrated
in animals and humans. In view of the pharmacological properties of curcumin
presented here, its phase II clinical evaluation in individuals at risk of developing
cancers of the gastrointestinal tract appears opportune.
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