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A Review of the Clinical Efficacy and Safety of Cruciferous
Vegetable Phytochemicals
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Supplementation with the crucifer-derived phyto-
chemicals indole-3-carbinol (I3C) and 3,3�-diindolyl-
methane (DIM) has been an area of active interest due
to their role in estrogen metabolism. This review
addresses the debate about which cruciferous com-
pound to use clinically by evaluating their efficacy and
safety. Significantly more clinical trials are available
for I3C than for DIM. I3C leads to beneficial shifts in
hormone markers, and limited evidence suggests that
DIM may result in a similar effect. More research in
humans is needed to further address whether DIM
poses any safety risk. Current data do not suggest that
DIM provides enhanced clinical benefits over I3C.
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WHAT IS INDOLE-3-CARBINOL?

Epidemiological and prospective clinical studies
have shown that populations that consume higher
amounts of cruciferous vegetables have lower incidences
of cancer and improved biochemical indices (e.g., de-
creased oxidative stress).1-3 In fact, the extent of evi-
dence supporting the benefits of fruit and vegetable
intake is rather convincing. In 1993, the US Food and
Drug Administration (FDA) permitted the use of two
health claims acknowledging the relationship between
increased fruit and vegetable consumption and decreased
cancer risk (an example of an allowable label statement:
“Low fat diets rich in fruits and vegetables may reduce
the risk of some types of cancer, a disease associated

with many factors.”). The health-promoting characteris-
tics of many fruits and vegetables have been attributed to
a number of nutritive components, including fiber, vita-
mins, and minerals. However, the substantial health ben-
efits of cruciferous vegetables such as broccoli, brussels
sprouts, cabbage, and cauliflower are believed to be
imparted by a class of sulfur-containing compounds
called glucosinolates, more specifically, indole-3-carbi-
nol (I3C) (Figure 1),4-7 a phytochemical formed by the
hydrolysis of the glucosinolate glucobrassinin and cata-
lyzed by the enzyme myrosinase. Myrosinase and glu-
cobrassinin, which are normally compartmentalized sep-
arately in intact plant cells, are brought together during
the processes of cutting, cooking, freezing, or pressuriz-
ing crucifers, thus facilitating the formation of I3C.8

INDOLE-3-CARBINOL LEADS TO THE
FORMATION OF MANY METABOLITES,
INCLUDING 3,3�-DIINDOLYLMETHANE

Once consumed, I3C enters the acidic environment
of the stomach, where it rapidly undergoes a condensa-
tion reaction leading to the formation of an estimated 15
or more other oligomeric compounds.9 Each of these
compounds has not been thoroughly investigated for its
bioactivity. However, the three main products of the
reaction appear to have distinctive biological action.10,11

For example, hexahydrocyclonona triindole binds to es-
trogen receptors and displays chemical structure similar-
ities to tamoxifen, indolo[3,2-b]carbazole exhibits anti-
estrogenic activity and supports phase I detoxification
activities, and 3,3�-diindolylmethane (DIM) (Figure 2)
has been shown to be anti-proliferative in various cancer
cell and animal models.12-17

To date, DIM has been researched more extensively
than other I3C metabolites. Indeed, some researchers
have proposed that I3C may simply serve as a precursor
compound for DIM, which, unlike I3C, is present in the
blood of subjects supplemented with I3C.18 Approxi-
mately 10% to 20% of I3C is metabolized to DIM.19-21

This number may fluctuate due to the possible variability
of conversion of I3C to DIM.

The clinically studied dose of supplemental I3C is
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often three to four times that of DIM. Since I3C is the
precursor, or “parent,” to a variety of compounds that
have differential actions, it is logical that a greater
amount of I3C may be required for maximum biological
activity relative to provision of just one of the I3C
metabolites for a select action. There is some indication
that these compounds may work in concert. Stresser et
al.22 fed I3C to rats and quantified tissue levels of I3C
metabolites. The findings revealed that individual levels
of metabolites, including indolo[3,2-b]carbazole and DIM,
were not alone sufficient for inducing hepatic enzymes such
as cytochrome P450IA or for inhibiting microsomal activa-
tion of aflatoxin B1. The authors concluded that “the total
hepatic mixture of I3C derivatives may be sufficient to
provide both modulatory responses in the rat.”22

As mentioned previously, each of the metabolites ap-
pears to have a targeted physiological effect. These individ-
ualized functions may coincide with the differential tissue
compartmentalization of I3C metabolites. Anderton et al.23

demonstrated that I3C appeared rather quickly in the
plasma of female mice after administration, and other me-
tabolites, including DIM, took longer to reach peak con-
centrations in plasma (2 hours) but persisted in tissues
longer than I3C. Indolo[3,2-b]carbazole was not detected in
plasma, lung, heart, kidney, or brain, whereas DIM and
another I3C metabolite, [2-(indol-3-ymethyl)-indol-3-yl]
indol-3-ylmethane, were found in all of these tissues.

Arguably, providing I3C in supplemental form more
closely approximates the whole food substance (i.e.,
cruciferous vegetables) than does reducing I3C to its
individual condensation products. After all, it is difficult
to say whether isolated I3C metabolites, compared with
whole food or I3C, may function differently or even
detrimentally if administered separately from the com-
plex matrix from which they originate.

CLINICAL TRIAL COMPARISON: INDOLE-3-
CARBINOL VS. 3,3�-DIINDOLYLMETHANE

Most of the clinical trials conducted to date have
used I3C rather than DIM. A search using the US
National Library of Medicine database without specific
search limits reveals a total of 452 references for “indole-
3-carbinol” and 82 for “3,3�-diindolylmethane.”24 These
references were subject to further scrutiny on an individ-
ual basis to identify clinical research publications. The
results of the refined search are in the sections below.

I3C supplementation has been investigated in 13
published human studies (Table 1) during the past 15
years, totaling 333 study subjects (an estimated 293
subjects on I3C).25-37 Since 1991, I3C has been studied
for its use in a number of conditions, including patients
with human papillomavirus-induced diseases such as
cervical cancer26 and respiratory papillomatosis,29-31 as
well as in those subjects with increased risk for breast
cancer,25,36 vulvar intraepithelial neoplasia,27 and sys-
temic lupus erythematosus.32 Favorable shifts in estro-
gen metabolism were observed in studies using these
metabolites as clinical end points. It has been docu-
mented that I3C supplements have been taken for as long
as 82 months (6.8 years) without reported side effects
due to I3C, thereby supporting long-term safety.

In contrast to the number of clinical trials with I3C,
there has been only one published human clinical trial
using DIM. In this study, 10 postmenopausal women
with a history of early-stage breast cancer took a DIM
supplement (108 mg) for 30 days.38 DIM supplementa-
tion led to a beneficial shift (although not statistically
significant) in the metabolism of estrogen.

EFFECT OF INDOLE-3-CARBINOL AND
3,3�-DIINDOLYLMETHANE ON ESTROGEN
METABOLISM BIOMARKERS IN HEALTHY
VOLUNTEERS

In most of the clinical trials with I3C and DIM, one
or more of the estrogen metabolites 2-hydroxyestrone
(2-OHE1), 4-hydroxyestrone (4-OHE1), and 16-alpha-
hydroxyestrone (16-OHE1) was measured. In hepato-
cytes, estrogen converts primarily to either 2-OHE1 or
16-�-OHE1, with some formation of 4-OHE1 also occur-
ring.39 It has been established that 2-OHE1 has anti-
estrogenic and anti-proliferative properties, while both
4-OHE1 and 16-�-OHE1 result in increased cell prolif-
eration in tumor cell lines.40,41 Some (although not all)
studies have observed a correlation between a low uri-
nary 2-OHE1 to 16-�-OHE1 ratio and increased breast
cancer risk42-45; therefore, this ratio is proposed as a
measure of a person’s risk for estrogen-dependent can-
cers. One of the key metabolites of estradiol, 4-OHE1, is
formed in estrogen-sensitive tissues such as mammary,

Figure 1. Structure of indole-3-carbinol.
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ovary, and uterus. Through reductive-oxidative cycling
to the semiquinone and quinone forms, 4-OHE1 gener-
ates potentially mutagenic free radicals that may play a
role in breast and endometrial carcinogenesis.46 Addi-
tionally, these quinone intermediates may lead to further
reaction with purine bases of DNA to form depurinating
adducts that produce highly toxic apurinic sites.47 There-
fore, physiological levels of 4-OHE1 have been given
significant clinical attention.

The effect of I3C supplementation on estrogen me-
tabolites has been measured in at least five clinical trials
with a total of 108 healthy subjects.28,33-35,37 As will be
discussed, these metabolites served as end points in
many of the cancer trials with I3C. For I3C, the overall
findings of all five published studies in relatively healthy
individuals (in one study, subjects were overweight yet
defined as “healthy”) have been consistently positive,
indicating that I3C is able to increase levels of 2-OHE1

and decrease levels of 16-�-OHE1, thereby resulting in a
more favorable 2-OHE1 to 16-�-OHE1 ratio. This result
is not surprising considering that several in vitro studies
have confirmed that I3C influences the activity of the
cytochrome P450 isoenzyme CYP1A2.9,48-51

The often-cited clinical trial conducted by Michno-
vicz et al.35 has garnered much attention and perhaps
even misinterpretation in the dietary supplementation
arena. This study has been the impetus for comments in
the lay press that oral I3C supplementation may lead to
the production of “dangerous” estrogens. This study
involved two groups of healthy research subjects com-
prising 7 men and 10 women. In the first part of the
study, a group of men received I3C orally at a daily dose
of 500 mg for 7 consecutive days. Urine samples col-
lected before ingestion of I3C and after the last daily

dose of I3C were analyzed in a “blinded fashion.” In the
second part of the study, women took 400 mg of I3C
orally and had urine samples collected between day 3
and day 8 of the follicular phase of their menstrual cycle,
before I3C ingestion and 2 months after I3C ingestion.
These authors reported a wider range of estrogen metab-
olites than found in similar studies of this nature. The
overall findings, as stated by the authors, were: “In both
men and women, I3C significantly increased the urinary
excretion of C-2 estrogens [i.e., 2-OHE1, 2-OHE2]. The
urinary concentrations of nearly all other estrogen me-
tabolites, including levels of estradiol, estrone, estriol,
and 16�-hydroxyestrone, were lower after 13C treat-
ment.”

As part of their section called “Implications,” it was
stated that “I3C may have chemopreventive activity
against breast cancer in humans. . . .” Despite these pos-
itive findings, the clinical application of I3C has been
questioned by a few researchers, since it has been sug-
gested that levels of the “dangerous” estrogen metabolite
4-OHE1 were increased in these subjects. Though the
data suggest that there was a rise in 4-OHE1 from
0.156 � 0.079 to 0.211 � 0.147 in men and from
0.339 � 0.226 to 0.430 �0.260 in women, these modest
changes in both groups were not statistically significant
(P � 0.25 and P � 0.16, respectively).

EFFECT OF INDOLE-3-CARBINOL ON
ESTROGEN METABOLISM BIOMARKERS IN
SUBJECTS WITH RISK FACTORS OR
DISEASES

The majority of clinical work on I3C is in the area of
human papillomavirus-induced disease (including cervi-
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cal cancer and respiratory papillomatosis), with four
published studies consisting of 79 total subjects. In these
studies, 200 to 400 mg of oral I3C was administered
daily for 12 weeks (shortest) to 82 months (6.8 years)
(longest). In these studies, 30% to 100% of subjects
experienced remission or regression of their symptoms.
Two studies explored the use of oral I3C in women with
increased risk factors for breast cancer25,36: approxi-
mately 67 women were studied for 4 weeks to 3 months
with an oral I3C dose of 50 to 400 mg. Similar to the
studies on human papillomavirus-induced diseases, the
results were positive, with a beneficial shift in the ratio of
estrogen metabolites. Recently, Naik et al.27 published
the results of oral I3C at either 200 or 400 mg/d in 12
women with vulvar intraepithelial neoplasia. I3C supple-
mentation led to a significant reduction in symptoms as
well as significant improvement in estrogen metabolites.
Finally, a positive effect of I3C for systemic lupus
erythematosus on hormone metabolism, specifically an
improvement in the 2-OHE1 to 16-�-OHE1 ratio, was
reported by McAlindon et al.32 in 17 subjects on a daily
dose of 375 mg I3C for 3 months. The symptoms
assessment (SLEDAI) did not change for these subjects.

In the single clinical trial on DIM supplementation,
10 postmenopausal women with a history of early-stage
breast cancer ingested 108 mg of DIM (BioResponse-
DIM®) daily for 30 days (Table 1).38 The authors re-
ported that DIM treatment showed a statistically signif-
icant increase in 2-OHE1 relative to placebo (P � 0.02),
and, in contrast to the studies on I3C, a non-significant
increase in the clinically relevant 2-OHE1 to 16-�-OHE1

ratio (P � 0.059). In order to examine the influence of
DIM on CYP3A activity, cortisol and 6�-hydroxycorti-
sol levels were measured (cortisol converts to 6�-hy-
droxycortisol by CYP3A). The authors reported a signif-
icant increase in cortisol, suggesting that DIM stimulates
the adrenal gland. The implications of this effect are
unknown and require further exploration. Reed et al.33

investigated cortisol levels in women supplemented with
I3C as a measure of CYP3A activity. Although individ-
ual levels of cortisol were not reported, there was no
statistically significant change in the ratio of 6�-hy-
droxycortisol to cortisol.

SAFETY OF INDOLE-3-CARBINOL AND 3,3�-
DIINDOLYLMETHANE SUPPLEMENTATION

Clinical data were reviewed for reported adverse
reactions to I3C or DIM supplementation with special
attention to study investigator’s comments on whether
these adverse reactions were possibly due to the supple-
ment. Four out of 13 studies on I3C (31%) did not make
any reference to safety or tolerance to the dose of
I3C.28,31,34,35 In 3 out of 13 (23%) studies, either no

adverse effects were noted or I3C was well toler-
ated.26,29,37 Adverse reactions were reported in 6 of the
13 studies (46%), including: skin rash in one subject with
systemic lupus erythematosus32; small increases in the
liver enzyme SGPT in two female subjects with in-
creased risk for breast cancer25; a slight increase in
gastrointestinal motility and a decrease in complaints of
constipation in a few female subjects (unspecified num-
ber in article, but counted as two subjects in the percent-
age tally of adverse reactions)36; “mild bowel upset” in a
patient with vulvar intraepithelial neoplasia27; disequi-
librium in three subjects with respiratory papillomatosis
due to deliberate or accidental increased dosages of
I3C30; and an episode of bronchospasm in a woman with
a previous history of asthma (subject denied at time of
enrollment).33 Therefore, of the total number of subjects
in all studies on some dose of I3C (N � 293), about 10
(3%) experienced some degree of a reaction that was
most likely due to I3C supplementation within a period
of days to years, as reported by the study authors.

In the single DIM study, 4 subjects of the original 23
recruited discontinued participation due to various rea-
sons.38 One of the 4 participants was taking DIM and
developed a rash and arthralgias. The subject decided to
stop the supplement and the authors noted that “the rash
resolved with discontinuation of the supplements and
taking antihistamines. The arthralgias improved with
time.”

Of the 10 DIM-treated subjects who completed the
study, two noted an increase in hot flashes, but they did
not stop the capsules as a result, and one noted some
nausea when taking the capsules without food. There-
fore, a total of 3 out of 10 (30%) DIM-treated individuals
had some reaction possibly related to the DIM supple-
ment. Due to the limited number of published clinical
studies and small subject number, it is not clear if
supplementation solely with DIM results in greater side
effects or not.

CONCLUSIONS

The available clinical data support the efficacy of
I3C as an oral supplement for human papillomavirus-
induced diseases such as cervical cancer and respiratory
papillomatosis, individuals at increased risk for breast
cancer, patients with vulvar intraepithelial neoplasia, and
patients with systemic lupus erythematosus. In clinical
studies, supplementation with I3C increases the 2-OHE1

to 16-�-OHE1 ratio, a marker associated with reduced
risk of breast cancer. In the single clinical trial available
for DIM, DIM supplementation led to a favorable (al-
though not statistically significant) shift in the 2-OHE1 to
16-�-OHE1 ratio. DIM’s effects on cortisol need further
investigation.
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A review of the safety data indicates that there is
more clinical data on I3C than on DIM. Therefore, more
study subjects have taken I3C compared with DIM. At
least 13 clinical studies on I3C have been published, of
which a total of approximately 300 participants took oral
supplements of I3C. The longest duration that a study
subject took I3C was 82 months (6.8 years). Only 3% of
research subjects experienced adverse events possibly
related to I3C. On the other hand, there is only one
published clinical trial on DIM, in which 10 postmeno-
pausal women took DIM for 30 days. In contrast to I3C,
30% of clinical trial subjects receiving DIM reported
adverse events that may have been due to the DIM
supplement. Further studies with DIM will be able to
elucidate whether the increased number of adverse
events are due to the small sample size of this study and
overall limited clinical trial experience.
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