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Advantages of Diindolylmethane over Indole-3-Carbinol

The cancer-preventive properties of certain phytonutrients found in cruciferous vegetables, such as broccoli, cabbage, cauliflower, Brussels sprouts and bok-choi, have raised considerable interest in recent years. Dietary studies have suggested that an increase in consumption of these compounds may decrease the incidence of tumors, in particular reducing the risk of prostate
 and breast cancer.
 In addition, supplemental use of active substances found in those cruciferous vegetables has been shown to cause the regression and disappearance of advanced cervical dysplasia.
,

Indole-3-Carbinol (I3C), the most abundant phytochemical in cruciferae, is enzymatically released when cruciferous vegetables are crushed during ingestion (e.g. chewing). As digestion proceeds, the parent I3C molecule dissapears quickly by exposure to gastric acid, and undergoes condensation leading to the formation of several active products. The most abundant of these active derivatives is the stable dimer, diindolylmethane. Diindolylmethane is formed through a spontaneous “condensation reaction” of 2 molecules of the unstable I3C. Another derivative is indolo[3,2-b]carbazole (ICZ), similar to dioxin in structure and action. 

Substantial evidence exists to demonstrate the beneficial effects of I3C and diindolylmethane on improving estrogenic metabolism. These compounds act by inducing the production of CY P450-1A1/2 liver enzymes which in turn increase 2-hydroxylation of estrogens to yield the weakly estrogenic, but cancer protective, 2-hydroxy estrogens (2-OH). This causes a healthy shift in the 2-OH:16-OH ratio of estrogen metabolites. The modulation of estradiol activity results from the estrogen-blocking effect of the 2-hydroxylated products from the enhanced 2-OH pathway, and from the reduction in estrone levels.
 This type of metabolism, favoring a shift in balance to 2-OH estrogen metabolites, has been associated with a lower risk status for the development of breast cancer.
 
Although I3C and diindolylmethane have both been shown to prevent the occurrence of breast cancer in animals, recent studies suggest that only diindolylmethane has the additional ability to effectively stop tumor growth in laboratory animals.
 In a recent study, breast cancer was induced with dimethylbenzanthracene (DMBA) until tumors were evident. Diindolylmethane supplementation given at the same dose now in use in human studies, effectively stopped tumor growth, while I3C supplementation given at a dose 50 times greater than the currently used for humans, showed no effect on tumor growth.
 The mechanism by which diindolylmethane prevents cancer in animals has subsequently been shown to involve a reduction in activity of the estrogen receptor system, promotion of beneficial estrogen metabolism,
 and support for selective apoptosis - or “programmed cell death”- which removes damaged cells.
 

Initially it was the greater availability of I3C, not its superiority, which made I3C utilized as a dietary supplement over diindolylmethane. However, better awareness of some facts has now made the use of I3C less desirable. For example, its high reactivity makes it undergo complicated reactions in the presence of water or stomach acid.
 Some of these reactions lead to the formation of beneficial derivatives such as diindolylmethane, but other derivatives are not so wholesome and their properties are yet to be determined. Furthermore, since these polymerization reactions are pH-dependent, the conversion to beneficial diindolylmethane is impaired in individuals with highly acid stomachs. Alternatively, individuals suffering from diminished acid production, such as the elderly or those taking antacid medication, allow some of the unreacted I3C to enter the upper intestine where other dangerous reaction products can be formed.
 

The use of diindolylmethane as a supplement has, on the other hand, gained popularity due to the product’s stability, predictable effect and low reactivity. A highly absorbable, stable, and fully active form of diindolylmethane was developed recently. This enhanced, bioavailable supplement was especially formulated with a vitamin E derivative into a patented delivery form of diindolylmethane.
 Diindolylmethane has been used as a dietary supplement in laboratory animals since 1987 to prevent chemically induced breast cancer.
 When ingested, diindolylmethane has been shown to be effective in improving estrogen metabolism and to result in a significant increase in the 2:16-OH estrogen ratio at one-tenth the dose of I3C.
 


Perhaps one of the most convincing reasons to choose absorbable diindolylmethane over I3C has to do with the fact that following an oral dose of I3C, only diindolylmethane - and not I3C - was found to be circulating in the bloodstream of human subjects.
 Since this experiment was done with a highly sensitive detection method, the finding confirms that I3C disappears after entry into the stomach, and therefore no direct benefits can be attributed to absorbed I3C. This study also showed that over 90% of an oral dose of I3C is converted into non-diindolylmethane “condensation products” of uncertain activity. Since only a maximum of 10% of I3C is converted to diindolylmethane following oral consumption, even under optimal pH conditions,11 much higher dosages of I3C are required to achieve the same effects as those of absorbable diindolylmethane.

Why is diindolylmethane safer than I3C?

Diindolylmethane is less reactive and has less enzyme-inducing capabilities than I3C. This difference accounts for a number of side effects seen with I3C which are not evidenced with diindolylmethane. Doubling the typical dose of I3C from 400 to 800 mg/day in human subjects causes dizziness and unsteady gait, both signs of nervous system toxicity.
 Similar side effects were observed during I3C use in animals. However, no side effects are seen in a study on human subjects with bioavailable diindolylmethane even when the typical dose of 150 mg/day is tripled to 450 mg/day.
 In another study, no side effects of any sort are seen when diindolylmethane is used in large doses in animals.14 


Safety concerns related to long-term use of I3C as a dietary supplement are described in the literature. These concerns refer to the activity of this compound as a non-specific inducer of powerful CYP450-dependent enzymes involved in Phase I detoxification pathways.
 An overactive Phase I activity may result in the accumulation of potential carcinogens, especially in the colon.
 As an example, a study has shown increased colon tumors in chemically treated rats given I3C as a dietary supplement.
 

Another safety concern relates to an unsafe derivative of I3C produced during digestion called indolocarbazole (ICZ), 
 a compound that resembles dioxin in structure and in enzyme-inducing activity. Although more quickly metabolized, ICZ shares many of dioxin’s toxicities. Like dioxin, ICZ has been shown to be damaging to the thymus gland, to the immune system,
 and to DNA; 
 ICZ has also been linked to the presence of unwanted estrogen metabolites.
 

When an I3C supplement is ingested along with vitamin C, or other supplements or foods rich in vitamin C, ascorbigen (ASG) is produced in the stomach. A portion of this compound is then converted to ICZ in the lower intestine.
 This makes ASG a source for much of the unwanted enzyme promotion attributed to ICZ. Several studies have demonstrated some highly undesirable effects of ASG, adding to the potential unsafe use of I3C on humans.
, 
,

By contrast, bioavailable diindolylmethane does not produce ICZ or any other unwanted I3C reaction products. Diindolylmethane promotes beneficial estrogen metabolism, and nutritionally supports a reduction in perimenopausal symptoms at a lower dose than I3C without generation of potentially unsafe by-products. Furthermore, since supplemental bioavailable diindolylmethane does not have the enzyme-induction properties of I3C, by using diindolylmethane there is less chance of interactions with other nutrients, hormones, or medications. 

Regarding safe use in young women, a pilot study that tested bioavailable diindolylmethane in combination with oral contraceptives, noted no problematic interference with the efficacy of the contraceptives.
 However, additional testing needs to be done before diindolylmethane can be recommended for use along with oral contraceptives, unless another method of contraception is used.  Although I3C has not been tested with oral contraceptives, its powerful enzyme inductive activities have the potential to alter the metabolism of oral contraceptives, of certain herbs, and of various prescription drugs and hormones other than estrogen. In several side-by-side tests of I3C and diindolylmethane, I3C has proven to be the most enzyme-inductive.
,


A number of recent studies, including one of 5,000 Italian women over a 4-year period, support the importance of nutritionally maintaining a healthy metabolism of estrogen in order to promote the highest 2/16-OH ratio of estrogen metabolites, thus minimizing the risk of breast cancer in women.5 A patented formulation of absorbable diindolylmethane has been shown to result in a significant increase in the 2:16-OH ratio of estrogen metabolites at one tenth of the dose of I3C.
 Supplemental I3C at 300 or 400 mg/day is required by women to significantly increase the ratio of 2:16-OH estrogen metabolites.
 

Maintaining Healthy Hormones in Peri-Menopause, PMS, and Male Aging.

For both women and men, there is a significant advantage in supplementing with bioavailable diindolylmethane, rather than I3C, in order to maintain healthy estrogen and testosterone balance. Studies in animals have shown that I3C promotes a rapid metabolism and inactivation of testosterone.
 In separate safety tests in animals, a recent comparison of I3C and bioavailable diindolylmethane showed that at the typical human dose, only I3C and not diindolylmethane, promoted increased liver enzyme activity responsible for testosterone metabolism
. At higher doses for both I3C and bioavailable diindolylmethane, a dramatic increase in these and other enzyme activities was seen with I3C supplementation but not with bioavailable diindolylmethane. The cytochrome enzyme subtypes induced by I3C and some of the substances whose activity may be influenced include: CYP2B1 (testosterone metabolism), CYP3A4 (oral contraceptives, testosterone), CYP2C9 (anti-seizure medications), CYP2D6 and CYP2E1 (a variety of pharmaceutical agents).


Perimenopause is a time in women’s lives often characterized by higher than normal estrogen production, especially around the second half or “luteal” phase of the menstrual cycle.
 Absorbable diindolylmethane helps convert excess estrogen into non-estrogenic 2-hydroxy metabolites. In women suffering from premenstrual syndrome (PMS), severity of symptoms may be associated with the degree of estrogen elevation.
 Also notable in peri-menopausal women is a deficiency of “free” or unbound testosterone during the middle of the menstrual cycle.
 2-hydroxy estrogen metabolites help maintain testosterone in its free state.
 Deficiency of testosterone is known to be associated with depressed mood, loss of libido, and weight gain. Resolution of symptoms with testosterone replacement in perimenopausal women confirms the importance of the delicate testosterone balance during middle-age.


Since free testosterone levels in women are 25 times lower than in men, even small changes can be associated with presence of symptoms. As a supplement that helps preserve free testosterone levels, bioavailable diindolylmethane is the preferred cruciferous indole for perimenopausal nutrition support. As a more effective and predictable promoter of beneficial 2-hydroxy estrogen metabolism than I3C, bioavailable diindolylmethane is more desirable for increasing 2-hydroxyestrogen metabolites. These unique metabolites stimulate progesterone production and compete with testosterone for protein binding. This helps maintain testosterone in its active free form, specifically shown to be required for healthy mood and libido in women with PMS.


In addition to improved symptoms of PMS, improved cervical health (as documented by normalized Pap smears) and reduced menstrual pain have been associated with diindolylmethane supplementation. 


The same dynamics for maintaining higher total and free testosterone levels apply to healthy ageing in men. Estrogen metabolism slows down as men age, especially in association with obesity and regular alcohol use.
 Avoiding overactive testosterone metabolism due to obesity and reducing the conversion of testosterone into estrogen are desirable goals of nutritional support in middle aged and older men. It is well documented that estrogen accumulates in the prostate gland starting at age 50 
 and that estrogen is associated with the degree of prostate enlargement.
 Again, based on animal and human testing, diindolylmethane is preferable as a dietary supplement to I3C for the support of men’s health. Only diindolylmethane avoids accelerating testosterone metabolism. Supplementation with diindolylmethane has resulted in reports of improved prostate function based on reduced nighttime urination in symptomatic older men.

In conclusion, the advantages of diindolylmethane over I3C are numerous and far-reaching. The following table compares the activity and safety profiles of diindolylmethane and I3C.

Comparative Properties of Diindolylmethane vs. I3C

	Property
	 Diindolylmethane 
	I3C

	Activity
	Fully active
	Precursor

	Absorption
	Predictable
	Unpredictable

	Stability
	High
	Low

	Toxicity
	None-reported
	Dose-related, includes dizziness and gastritis

	Tumor Promotion
	None-reported
	Positive in rats, promoting colon cancer: relates to excess enzyme induction

	Anti-oxidant Action
	Purely antioxidant
	Some reaction products like indolocarbazole (ICZ) are known to cause oxidative damage

	Relative Dose Needed
	3 times dietary intake
	30 times dietary intake

	Efficacy
	Consistent
	Inconsistent

	Estrogen Regulation
	More Complete
	Dose limited, due to observed toxicity above 400 mg/day

	PMS Benefits
	Demonstrated
	Untested

	Breast Pain Resolution
	Demonstrated
	Untested

	Cervical Health
	Demonstrated
	Demonstrated

	Weight Loss Promotion
	Demonstrated
	Untested

	Drug and Nutrient Interaction Potential
	Limited
	Greater

	Enzyme Induction
	Limited and specific
	Greater and non-specific
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