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Science Review: Indole-3-carbinol (13C) and 3,3"-diindolylmethane (DIM)

Introduction

Large-scale epidemiological analyses have found an inverse association
between intake of cruciferous vegetables (e.g., broccoli, cabbage, cauliflower
and Brussels sprouts) and risk of cardiovascular disease, some cancers, and
all-cause mortality.” Cruciferous vegetables are a rich source of a variety of
bioactive compounds, including sulfur-containing phytochemicals known as
glucosinolates.” Glucosinolates may have evolved as a form of defense; when
a glucosinolate-containing plant is mechanically damaged (e.g,, by chewing),
the molecule is exposed to and subsequently hydrolyzed by the enzyme
myrosinase. The resulting breakdown products include isothiocyanates,
thiocyanates, and epithionitriles, many of which have been evaluated for their
bioactivity. One particularly interesting hydrolyzed product is indole-3-carbinol
(130).? 13C has been found to have numerous biological activities, including
effects on cell division, angiogenesis, and hormone metabolism.®

13Cis an unstable compound in acidic conditions and undergoes rapid
oligomerization to form a mixture of acid condensation products, with
3,3-diindolylmethane (DIM) being the predominant compound.” However,
human feeding studies reveal that, after subjects ingest 13C, DIM is the only
detectable 13Gderived compound in plasma.’ Scientists believe that many of
the biological effects of I3C are attributable to DIM.

As a dietary ingredient, DIM is poorly absorbed from the gastrointestinal
tract due to its lipophilic property. However, certain technologies have been
applied to DIM to help improve its bioavailability.’ The absorption-enhanced
DIM has been evaluated for its effects in several human studies.”"”

Research Highlights

- Cruciferous vegetables are a rich source of glucosinolates, which are broken
down into bioactive metabolites by the plant enzyme myrosinase. One of
the metabolites with therapeutic interest is I3C.°

Human feeding studies demonstrate that 13C is rapidly converted to DIM,
the only detectable 13CGderived compound in plasma.’
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Both I3C and DIM exert various biological activities, such as:

o Modulating phase I and phase Il biotransformation such as increased
CYP1A2 activity

o Modulating estrogen metabolism toward production of
2-hydroxyestrone (20HET) at the expense of 16a-hydroxyestrone
(1600HED), resulting in a higher ratio of 20HE1 to 16aOHE1

o Affecting other signaling pathways that may contribute to
chemoprevention

Mechanisms of Action
Several molecular mechanisms of I3C and/or DIM have been proposed:

Modulation of biotransformation

Biotransformation enzymes play an important role in the metabolism

and elimination of not only numerous endogenous compounds but also
exogenous compounds including environmental carcinogens and toxins.”
13C and DIM have been demonstrated to bind to the transcription factor aryl
hydrocarbon receptor (AhR), allowing AhR to enter the nucleus to form a
complex with xenobiotic response elements (XREs) of target genes. This leads
to upregulation of genes that contain XREs, including genes of phase | (CYP)
and phase Il biotransformation enzymes.” 13C and DIM have also been shown
to bind to the nuclear factor erythroid 2-related factor 2 (Nrf2), resulting in
activation of the Nrf2 signaling pathway and upregulation of genes for phase Il
biotransformation enzymes and antioxidant enzymes.”

Modulation of estrogen metabolism

Via cytochrome P450-dependent pathways, endogenous estrogens such

as 17B-estradiol (E2) and estrone (E1) are irreversibly converted to two major
metabolites: 20HE1, which is believed to have anti-estrogenic effects,” and
16a0HE1, which has been shown to induce abnormal cell proliferation.”

13C and DIM upregulate genes for CYP enzymes that result in increases in
20HET at the expense of 16a0HE1." It has been proposed that a higher ratio
of 20HE1 to 16a0HET (2:16 ratio) indicates a shift in metabolic pathway toward
20HET from the 16a0HET and may be associated with reduced risks

of estrogen-sensitive cancers.”

Effects on signaling pathways
13C and DIM have also been demonstrated in vitro to target several other
signaling pathways that are involved in cancer pathophysiology. For example:

In several cancer cell lines, pretreatment with DIM has been shown to
inhibit NF-kB activity, leading to inhibition of cell growth and induction of
programmed cell death.”*

13C and particularly DIM inhibit angiogenesis via inactivation of ERK1/2
and/or Akt signaling in endothelial cells.”
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Human pharmacokinetic studies of I3C and DIM Clinical evidence of I3C and DIM

13C 13C

- Infemale subjects, single-dose oral administration of 13C (400-1200 mg) . Several human clinical studies have demonstrated that oral
yielded DIM as the circulating product, and no 13C was detected in plasma.’ supplementation with 13C (300-400 mg per day, ranging from 4

. Peak plasma concentration of DIM following ingestion of 400 mg 13C was weeks to 3 months) significantly increases urinary 20HE1 levels and/or
61 ng/mL. Peak concentration occurred at approximately 2 hours and was urinary 2:16 ratio in various (predominantly female) populations.”
no longer detectable after 24 hours.” - In a4-week study, the maximal increase in CYP1A2 enzyme activity was

- Multidose study indicated that neither extensive bioaccumulation nor seen with the 400 mg daily dose of 13C.
enhanced clearance due to enzyme induction occurred with 13C/ - In a prospective open-label study in patients with respiratory

DIM papillomatosis taking 200 mg of 13C daily, 63% of participants either

- In healthy subjects, single-dose oral administration of absorption-enhanced had remission of papillomatous growth that resulted in no surgery or
DIM (50-300 mg) demonstrated a linear increase of DIM in plasma. The less frequent surgery.”
single 200 mg produced a peak plasma DIM concentration of 104 ng/mL DIM
and was no longer detectable after 24 hours.” - Ina pilot study with postmenopausal women with a history of early-stage

- Multidose pharmacokinetic studies of absorption-enhanced DIM are lacking. breast cancer, oral supplementation with absorption-enhanced DIM
One small preliminary study noticed a drop in plasma DIM concentration (108 mg per day for 30 days) resulted in significant increases in urinary
after 4 weeks of consumption, although the investigators acknowledged levels of 20HE1 and cortisol and a borderline increase in 2:16 ratio.”
that the plasma DIM level might not reflect the tissue level.” - Inapilot study with subjects with thyroid proliferative disease, oral

- Ina study in which women received absorption-enhanced DIM (108 mg supplementation with absorption-enhanced DIM (300 mg per day for
daily for 30 days), urinary levels of DIM were significantly increased indicating 14 days) helped increase DIM concentration in thyroid tissues and enhanced
DIM could be excreted via urine.” However, the major route of DIM excretion estrogen metabolism as indicated by increased 2:16 ratio."
in humans remains to be investigated.” - Inarandomized controlled trial involving women taking tamoxifen for

breast cancer, daily supplementation of absorption-enhanced DIM (140 mg

13C _ twice daily for 12 months) significantly increased urinary 2:16 ratio and serum

levels of sex hormone-binding globulin (SHBG) compared with placebo.”

Source Formed :as d Formfed from I3C a.s Epidemiological evidence suggests that higher SHBG may be a protective
hydrolysis product an acid condensation factor of breast cancer in postmenopausal women.”
of glucobrassacin product in an acidic
(a glucosinolate environment (e.g,,
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