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INTRODUCTION 
Indole-3-carbinol (I3C) is a secondary metabolite of 3-indolyImelhyl glucosinolale, a 
naturally occuning indole in cmciferous vegetables. Several studies have reported the 
anticarcinogenic activity of I3C, which enhances the metabolic deactivation of carcinogens 
(reviewed in 1). Diindolylmethane (DIM) is tiie dimerization product of 13C that forms as 
an acid condensation product in the stomach (2). Bolh DIM and I3C bind to the aryl 
hydrocarbon receptor (AhR) (3) and exhibit AhR agonist and partial antagonist activity in 
vitro (4). Recenlly, DIM was shown to inhibit the growlh of eslablished lumors in the 
7,12-(Jimelhylbenz[a]antiiracene (DMBA)-induced rat mammary carcinoma model (5). In 
the currenl sludy, metiiyl- and metiioxy-subslilued analogs of DIM were tesled for their 
abilily lo inhibit mammary tumor growtii. 5,5'-DimetiioxydiindoIyImelhane (5,5'-
MeODIM) and Ll'-dimethyldiindolylmethane (Ll'-DDIM) were tested at 5.0 mg/kg/every 
other day in the DMBA-induced ral mammary carcinoma model Subsequently, 1,1'-
DDIM was retested concunent witii 2,2'-dimetiiyldiindolyImetiiane (2,2'-DDIM) and 
l,r,2,2'-lettamelhyldiindolylmethane (l,r,2,2'-TDIM) al 1.0 mg/kg/every olher day. 
Results indicate that both 5,5'-MeODIM and l.l'-DDIM are effective antittimorigenic 
agents in the ral mammary gland at 5 mg/kg, and that 2,2-DDIM and l,r,2,2'-TDIM retain 
activity at 1.0 mg/kg. DIM and ils sttuctural analogs represent a new class of nontoxic 
anliesttogens that work Ihrough the AhR and may have potential in the clinical tteatment of 
human breast cancer. 

MATERIALS and METHODS 

Chemicals. 7,12-DMBA was purchased from Sigma (Sl. Louis, MO). 5,5'-MeODIM, 
I,r-DD1M, 2,2'-DDIM and I,I',2,2'-TDIM were synthesized in this laboratory. 

Animals. At 50 days of age, virgin female Sprague-Dawley rats were treated with 20 
mg/rat of DMB A. After 30-60 days, mammary carcinomas were palpable in the ductual 
tubules, as previously descritwd (6). When the largesl tumor reached a small size (10 mm 
al ils longest axis), each animal was tteated every olher day for 3 weeks by gavage. In 
cases were two tumors of close size were present on the same animal, the tumor volumes 
were averaged. In the firsl experiment, animals were tteated wilh 5,5'-MeODIM or 1,1'-
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DDIM al 5.0 mg/kg, or with vehicle alone (1% elhanol in water). In the second 
experiment, rals were irealed with I.l'-DDIM, 2,2'-DDIM, or I,r,2,2'-TDIM at I.O 
mg/kg/every other day, or with vehicle. Tumor sizes were measured with calipers and 
volumes were calculated using tiie formula: (lengtii/2) x (widtii/2) \ (deplh/2) x (47i/3). 
Tumors were excised at tiie lime of euthanasia; organ wel weights were measured for the 
liver, utems, heart, spleen and kidneys, and the hepatic EROD activity was determined. 

Ethoxyresorufin-O-deethylase (EROD) Assay. Hepatic microsomal EROD 
activities were determined by fluorimetric procedure (530/590 excitation/emission) as 
previously descritied (7). This activity is a sensitive surrogate of potential AhR-mediated 
toxicity. 
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Figure 1: Structure of Methyl- and Methoxy-substituted DIM analogs. 

RESULTS and DISCUSSION 

1. Figure 2 summarizes an initial sludy testing the effects of 5,5'-MeODIM and Ll'-
DDIM on mammary tumor growlh. Botii compounds caused highly sig:iificani 
decreases in both tumor volume and tumor mass al time of euthanasia at a dose of 5 
mg/kg/every other day. 

2. Figure 2 summarizes tiie antitumorigenic effects of I,r-DD1M, 2,2'-DDlM, and 
I.r,2,2'-TDlM at a dose of 1.0 mg/kg/every olher day. 2.2'-DDIM significantiy 
inhibited tumor growtii (p <0.05) using ANOVA witii Duncan's New Multiple Range 
Test. The effects of l,r,2,2'-TDIM on the inhibition of tumor growth were significant 
(p <0.05) when compared against conttols using student's t test, although nol by 
ANOVA. 
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3. No significanl changes were observed for hepatic EROD activity, a surrogate for AhR 
mediated toxicity. These results arc consistent witii in vitro studies showing that high 
doses of DIM were required to induce EROD activity (4) and in vivo sudies in which 
EROD induction was nol observed al doses which completely inhibited tumor growth 
(5). 

4. None of the stmctural analogs affected whole body weight, or organ wet weights for 
the liver, utems, heart, spleen, and kidneys. Histological examination of the liver 
revealed no differences between animals tested witii DIM analogs and vehicle Irealed 
animals. 

5. DIM and its stmctural analogs represent a new class of nontoxic antiesttogens that 
work through the AhR and may have potential in the clinical treatment of human breast 
cancer. 

ACKNOWLEDGEMENTS 
The financial assistance ofthe Texas Agricultural Experiment Station and the State ofTexas 
Advanced Technology Program are gratefully acknowledged. 

REFERENCES 
1. Safe S, Chen I, Porter W. "Dietary indoles with antiesttogenic activity in common 

vegetables and their implications." Esttogens, Progestins, and their Antagonists, vol 
L Ed. PavlikE. 1996, pp 73-97. 

2. Kmif C, Marsman J, Venekamp J, Falke H, Noordhoek J, Blaauboer B, Wortelboer 
H. Stmcture elucidation of acid reaction products of indole-3-carbinol: detection in 
vivo and enzyme induction in vitro. Chem-BioL Interactions 1991, 80:303-315. 

3. Bjeldanes L, Kim J, Grose K, Bartholomew J, Brafield C. Aromatic hydrocarbon 
responsiveness-receptor agonists generated fitjm indole 3 carbinol in vitto and in vivo: 
comparisons wilh 2,3,7,8-tettachlorodibenzo-p-dioxin. Proc. NatiL Acad. ScL USA 
1991, 88:9543-7. 

4. Chen I, Safe S, Bjeldanes L. IndoIe-3-carbinoI and diindolylmetiiane as aryl 
hydrocarbon (Ah) receptor agonists and antagonists in T47D human breasl cancer cells. 
Biochem. Pharmacol.. 1996, 51:1069-76. 

5. Chen I, McDougal A, Wang F, Safe S. Aryl hydrocarbon receptor-mediated 
antiesttogenic and antitumorigenic activity of diindolylmetiiane. Carinogenesis. 
submitted. 

6. Huggins C, Grand L, Brillantes F. Mammary cancer induced by a single feeding of 
polynuclear hydrocarbons and its suppression. Nature 1961, 189:204-7. 

7. Yao C, Safe S. 2,3,7,8-Tettachlorodibenzo-p-dioxin-induced porphyria in genetically 
inbred mice: parilal antagonism and mechanistic studies.Taxjco/. AppL PharmacoL 
1989. 100:208-16. 

ORGANOHALOGEN COMPOUNDS 
Vol. 37 (1998) 255 



ISOO 

ro 
E 
E 

o 

DAY 

Figure 2: Effects of 5,5'-MeODlM and Ll'-dimethyl-DIM (5.0 mg/kg/every olher day) 
on mammary tumor growth in the DMBA-induced tumor model. Both 5,5'-MeODIM and 
Ll'-DDIM significantly inhibited tumor growth compared lo control lumors. 
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Figure 3: Effectsof 1,1'-DDIM, 2,2'-DDIM and I,r,2,2'-TD1M (1.0 mg/kg/every 
olher day) on manunary tumor growth in the DMBA-induced tumor model. 2,2'-DDIM 
significantly inhibited tumor growth (p <0.05) using ANOVA with Duncan's New Multiple 
Range Tesl. The effects of 1, r,2,2'-TDIM on the inhibition of tumor growth were 
significant (p <0.05) when compared against conttols using student's l lesl, although not 
by ANOVA. 

256 
ORGANOHALOGEN COMPOUNDS 
Vol. 37(1998) 


