Design of Heteroarotinoids

Our subsequent strategy to reducing the toxicity of arotinoids was to block metabolic
oxidation of the compounds by incorporation of oxygen or sulfur heteroatoms to replace
one of the gem-dimethyl groups in the tetrahydronaphthalene ring (heteroarotinoids [6A

and 6B, respectively]). Both of these heteroarotinoids exhibited the retinoid activities in
TOC and ODC assays (1, 2).

O COOH COOH
X xCOOH O

O RN W M

X s ‘

6a, X = O, MTD = 9.4 mg/kg/day 7a, X = O, MTD = 32 mg/kg/day
6b, X=S§ 7b, X =8, MTD = 34 mg/kg/day 8, ED5p= 5.0 mmoltkg

Therapeutic ratios of heteroarotinoids in animal models.

The therapeutic ratios of TTNPB [5] and the oxygen and sulfur heteroarotinoid
derivatives [6a and 6b, respectively] were compared in animal models of
chemoprevention and toxicity (1). In the chemoprevention model, CD-1 mice were
treated with DMBA and TPA to initiate and promote tumor formation, respectively. At
concentrations of 17 and 170 nM, the heteroarotinoids [6a, 6b] significantly inhibited
tumor formation without toxic symptoms, while TTNPB [5] caused animal death due to
hypervitaminosis A. At the lower dose of 1.7 nM of TTNPB [5], hypervitaminosis A
was observed without animal death, and tumor formation was significantly inhibited. In
a toxicity animal model, female Swiss mice were given intraperitoneal injections of a
range of concentrations of these compounds over a period of two weeks, and the number
of animal deaths was monitored. The results of this model demonstrated that, TTNPB [5]
was far more toxic than all-frans-RA [1], and killed all of the animals at concentrations as
low as 3.3 puM pM/kg/day, while all-trans-RA [1] did not kill the animals at
concentrations as high as 100 uM/kg/day. In contrast, the heteroarotinoids [6a and 6b]
were actually less toxic than all-zrans-RA [1]. At a concentration of 200 uM/kg/day, all-
trans-RA [1], the oxygen heteroarotinoid [6a] and the sulfur heteroarotinoid [6b] killed
37%, 10% and 20% of the mice, respectively.

In a detailed study of toxicity, 5, 6a, 7a and 7b were administered to groups of 16
animals each by gavage over a range of concentrations for 65 days (3). Mortalities, body
weight, bone fracture incidence, signs of hypervitaminosis, hematologic parameters and
pathology were documented. The maximum tolerated doses (MTD’s) for each compound
were calculated as the doses required to induce 10% weight loss in the treated animals.
The MTD for TTNPB [5] was 0.001 mg/kg/day, which is 10,000-fold more toxic than the
10 mg/kg/day MTD of all-trans-RA [1]. In contrast, the MTD for the diaryl oxygen
heteroarotinoid [6a] was 9.4 mg/kg/day, which is comparable to all-trans-RA [1]. The
10,000-fold difference in the MTD’s for 5 and 6a demonstrate that the heteroatom greatly
decreases the toxicity of the arotinoid structure. The MTDs of 32 and 34 mg/kg/day of
the monoaryl heteroarotinoids with oxygen 7a and sulfur 7b heteroatoms, respectively,
revealed a 3-fold decrease in the toxicity of the monoaryl compounds in comparison to
all-trans-RA [1]. One heteroarotinoid, 8, was evaluated for teratogenicity in a fetal
hamster model (4). The EDsj of 8 in this model was 5.0 umol/kg, which is significantly
less teratogenic than the EDsg of 0.085 pumol/kg for TTNPB [5] (4). Thus, inclusion of



the heteroatom in the arotinoid structure was shown to greatly improve the therapeutic
ratio (efficacy/toxicity) in animal models.

Clinical Use of a Heteroarotinoid

The clinical application of a heteroarotinoid Tazarotene [9] produced by Allergan, has
confirmed the improved therapeutic ratio predicted for
compounds with heteroatoms (5). The ethyl ester form of
the drug, which does not bind retinoid receptors, is used as
prodrug that is readily metabolized to the receptor-active
tazarotenic acid. A nicotinic acid moiety is utilized as the S 9, Tazarotene
terminal aryl group to ensure the rapid metabolism to the

acid form. The sulfur heteroatom of circulating tazarotenic acid is metabolically
deactivated by oxidation, thereby producing the inactive sulfoxide and sulfone
metabolites that are excreted in the urine (6). In addition, a triple bond between the two
aromatic rings conformationally restricts this compound. Tazarotene is being
investigated as a single agent for the treatment of acne vulgaris and in combination with
corticosteroids for the treatment of psoriasis (20, 21). The mechanism of action in
psoriasis is thought to occur through direct regulation of genes involved in differentiation
and inflammation (7). Tazarotene is administered topically, and its good safety profile is
most likely due to the low penetration through the skin to the blood system, rapid
metabolism and elimination from the body (8). Tazarotene does not cause contact
sensitization, and induces only mild to moderate reversible skin irritation. Since the toxic
effects of retinoids in skin are associated with specific activation of RARy, the RARB/
RARy selectivity of Tazarotene, could explain its decreased toxicity in contrast to the
severe skin irritation caused by other RARy-selective compounds. This finding supports
the theory that targeting individual receptors in retinoid drug design may not be as
effective as targeting subsets of receptors or biological activities in the natural
environment of the target cells.
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