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Abstract Indole-3-carbinol (I3C) is a natural agent found in high amounts in cruciferous vegetables and is also
available as dietary supplements. It is considered as a promising agent for the ongoing medical research due to its
possible antioxidant, anti-inflammatory, anti-tumor, antiapoptotic and anti-atherogenic properties. Recent studies are
directed towards assessment of the possible effects of I13C on various body organs including the heart, liver, kidney
and the endocrine system. This mini-review sheds light on the different properties of I3C that make it a promising
therapeutic agent for a wide variety of human diseases including cancer.
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1. Introduction

Chemotherapy side effects depend mainly on the drugs
and the doses the patient receives. The use of the traditional
anticancer agents such as doxorubicin, S-fluorouracil,
methotrexate and cisplation was faced by their dangerous
adverse effects [1]. To decrease the dose and toxicity and
increase the efficacy of chemotherapy regimens, various
approaches were investigated. One of them was the search
for natural agents with anticancer properties that can be
used in combination with the traditional anticancer agents
[2].

The anticancer properties of plants have been
recognized for centuries. Isolation of podophyllotoxin and
several other compounds from the common mayapple
(Podophyllumpeltatum) ultimately led to the development
of drugs used to treat testicular and small cell lung cancer
[3]. Many studies have focused on the chemoprotective
properties of plants such as the effect of Anacardiumocci
dentale in hepatoma, Asparagus racemosa in human
epidermoid carcinoma, Boswellia serrata in human
epidermal carcinoma of the nasopharynx, Erthyrinasuberosa
in sarcoma, Euphorbia hirta in Freund virus leukemia,
Nigella sativa in lung carcinoma and Peaderiafoetida in
human epidermoid carcinoma of the nasopharynx [1].
Their anticancer effects were attributed to antioxidant and
anti-inflammatory properties together with affection of the
cell cycle and induction of the expression of tumor
suppressor genes such as p53. They have the advantage of
being nearly devoid of adverse effect which gives them a
crucial role in cancer therapy [4]. This article throws light
on the different properties of indole-3-carbinol (I3C) that

make it a promising therapeutic agent for a wide variety of
human diseases.

2. Derivatives of Cruciferous Vegetables
and Their Effects

Cruciferous vegetables had been of specific interest
for years in cancer therapy due to their high content
of glucosinolates, whose major breakdown products
(isothiocyanates and indoles) have anticarcinogenic
properties in vitro and in vivo [5]. Most of the
isothiocyanates are metabolized in vivo through the
mercapturic acid pathway. Indole compounds can react
with ascorbic acid producing ascorbigen and, at the low
pH of the stomach, a series of condensed products that
may act as further bioactive compounds [6]. They were
suggested to inhibit cancer cell growth by interfering with
the production of proteins involved in abnormal cellular
reproduction and by promoting the production of tumour
suppressor proteins. Also, they were reported to affect cell
proliferation, signal transduction and induce apoptosis in
cancer cells by interfering with the production of
compounds that cancer ordinarily produces to resist
apoptosis [7].

Indole-3-carbinol (I3C) is produced by breakdown of
the glucosinolate glucobrassicin, which can be found at
high levels in cruciferous vegetables such as broccoli,
cabbage, cauliflower, collard greens and kale. I3C is also
available in a dietary supplement [8]. I3C is the subject of
ongoing biomedical research into its possible anticarcinogenic,
antioxidant and cardioprotective effects. Research on I3C
has been conducted primarily using laboratory animals
and cultured cells. Recent studies found that there is an
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inverse association between cruciferous vegetable intake
and the incidence of breast or prostate cancer [9].

3. Pharmacokinetics of I3C

After oral administration of I3C, the compound is
rapidly absorbed and had already reached an apparent
peak concentration 15 min after dose [8]. However,
plasma concentrations fall below the limit of detection
within the first hour after dosing, indicating rapid
distribution. I3C is rapidly and extensively distributed
into all tissues, with highest concentrations in the liver.
13C is rapidly metabolized to active metabolites including
diindolymethane (DIM) and indole carbazole (ICZ) which
are responsible for most of its beneficial effects [10].

4. Actions and Medical Uses of I3C

Recent studies have reported that I3C and its metabolites
have potent anticancer effects. The mechanisms of these
effects were attributed to its ability to alter estrogen
metabolism and other cellular effects. Estrogen receptors
are present on the surface of every type of tissue in the
bodies of the men and women and are associated with
several hormone-dependent cancers [11].

I3C was reported to induce cell cycle arrest at the G1
phase in human reproductive cancer cells. This leads to
prevention and treatment of cancer, as the Gl phase
occurs early in the cell cycle, and, for most cells, is the
major period of cell cycle during its lifespan. The Gl
phase is marked by synthesis of various enzymes that are
required in the next "S" phase, including those needed for
DNA replication [10].

I3C can shift estrogen metabolism towards less estrogenic
metabolites. Systemic lupus erythematosus is associated
with estrogen. In a study using mice bred to develop lupus,
the group fed with 13C diet lived longer and had fewer
signs of disease [12]. Another study of lupus attributed the
mechanism for this improvement to the sequential block
of the development of B and T cells of these mice. This
resulted in a fall in autoantibody production, thought to be
a crucial component of lupus pathogenesis. In addition,
I3C of the disease prone mice led to a normalization of
their T cell function [13].

Recent studies showed that I3C has beneficial effects
on lipid metabolism that could be of great value for
prevention of cardiotoxicity [14]. Moreover, other studies
reported that I3C might prevent cardiac remodeling via
activation of AMP kinase enzyme leading to improvement
of the myocardial functions and modulation of the expression
of the genes that are responsible for the production of the
hypertrophic and fibrotic markers with regeneration of the
damaged myocardial tissues which significantly decreases
the activity of the cardiac enzymes such as lactate
dehydrogenase and creatine phosphokinase [15,16].

5. Adverse Effects of I3C

I3C is likely safe for most people when used in the right
amounts. Overuse of I3C supplements to prevent cancer

may be unwise as the hormonal balance may be affected.
Such caution is advised due to its effect on estrogen levels
[17]. Also, it may promote development of liver cancer
and enhance metastasis [18]. It was suggested that 13C
enhances oxidative stress responses resulting in the
induction of preneoplastic liver cell lesions in partially
hepatectomized rats initiated with diethylnitrosamine [19].

6. Conclusion

I3C may represent a promising therapeutic agent for
management of a wide variety of diseases including
cancer, diabetes mellitus, endocrine disorders and
cardiotoxicity. This may be attributed to its antioxidant,
anti-inflammatory and anti-apoptotic properties together
with its ability to restore the normal functions of the
endocrine system of the human body. Further studies are
needed to explore the molecular mechanisms that underlie
these potential effects.
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