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LOCALLY BIOAVAILABLE DRUGS

GOVERNMENT LICENSE RIGHTS

[0001] This invention was made with government support under GM070737 awarded by

National Institutes of Health. The government has certain rights in the invention.
FIELD

[0002] The present disclosure relates to compositions and methods to target certain organs for
therapeutic treatment. More specifically, the present disclosure pertains to targeting certain
organs for therapeutic treatment with high concentrations of therapeutic drugs while avoiding the
targeting of the same or similar therapeutic drugs in organs that may be harmed or not in need of

treatment by therapeutic drugs.
BACKGROUND

[0003] Most drugs, especially those of the orally administered drugs, are systemically
bioavailable, and as such have broad distribution throughout the body. This is often necessary
since site of drug administration is different from site of action, and broad distribution allows
drugs to gain access to distant target sites. Because of this need to gain broad distribution,
medicinal chemists are often rewarded to make drugs that are highly bioavailable systemically so

the drugs may be used to treat multiple diseases in different organs.

[0004] To make the drugs broadly bioavailable, medicinal chemists often design their orally
administered drugs to avoid first-pass metabolism. Separately, medicinal chemists also avoid
including structures that will make drugs susceptible to rapid phase II drug metabolism or
enterohepatic recycling, both of which will limit their systemic distribution. Avoidance of first-
pass metabolism and enterohepatic recycling is rather challenging since both are normal
physiological processes. Therefore, making small molecular drugs bioavailable is often a major

milestone during the development of a drug.

[0005] The need to make drugs highly bioavailable systemically creates a toxicity problem for
many drugs. Both “on-target” and “off target” toxicities may occur, which could limit a drug’s

potential market or lead to its withdrawal from the market. It is quite common that a drug’s
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therapeutic targets and toxicity targets reside in different organs. However, because most of
these drugs are highly bioavailable systemically, they are often present at the same or even
higher concentrations in the organs that are adversely affected by the toxicities than those organs

that are targets for the therapeutic effects.

[0006] Orally bioavailable COX-2 inhibitors are a subclass of nonsteroidal anti-inflammatory
drugs (NSAIDs) that selectively block the COX-2 enzyme and not the COX-1 enzyme. Blocking
the COX-2 enzyme impedes the production of proinflammatory prostaglandins which is often the
cause of the pain and swelling. Proinflammatory prostaglandins are also signal molecules that
promote tumor growth and cancer development. Because the COX-2 inhibitors selectively block
the COX-2 enzyme and not the COX-1 enzyme, these drugs are uniquely different from
traditional NSAIDs, which usually block both COX-1 and COX-2 enzymes and can cause major
gastrointestinal bleeding in certain patients. Therefore, COX-2 inhibitors initially enjoyed

tremendous commercial success with sales in the billions of dollars.

[0007] Unfortunately, it was found that these COX-2 inhibitors have serious side effects that
can lead to higher incidence of death due to cardiac toxicity. One of such COX-2 inhibitors
Vioxx was withdrawn from the market because of this risk, and it is likely to cost more than
$4.85 billion in litigation costs for the company Merck [8]. Because of this huge liability, several
COX-2 inhibitors were voluntarily withdrawn from the market and many more were not further
developed [9]. A recent patent search found that many of the patents on COX-2 inhibitors were
abandoned by their owners prior to their expiration dates. No new COX-2 inhibitors are

currently on the development pipeline.

[0008] Even though clinical application of COX-2 inhibitors is severely limited by their
reported cardiac toxicity risks, the only COX-2 inhibitor on the US market celecoxib
(“Celebrex”) still had annual sales exceeding 2 billion dollars in 2014, the last year with full
patent protection. Hence, COX-2 inhibitors represent an important class of drugs that can meet
the needs of certain patients. Importantly, the regular NSAIDs are still among the top 5 most

popular drugs used by humans.

[0009] Millions of patients each year are prevented from receiving the benefit from using

COX-2 inhibitors because of reported cardiac toxicities. In addition, tens of thousands of patients
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suffering from pain will ingest higher than the recommended doses of acetaminophen, leading to
hundreds of deaths per year in United Stated alone, according to the Poison Control Centers [10].
Hence, there is a medical need to design additional COX-2 inhibitors that do not have cardiac

toxicity but are effective at their target organs.

[0010] Previously, in large trials using Celebrex and Vioxx, it was shown that both drugs were
highly effective in preventing the reoccurrence of sporadic adenomas, a precancerous lesion
highly indicative of future colon cancer development. Celebrex was also approved for treating
familial adenomatous polyposis (FAP), a genetic disorder that will lead to colon cancer and early
death if not treated. However, FAP indication was withdrawn and colon cancer

chemoprevention was not approved because of the previously described cardiac toxicity.

[0011] Cardiac toxicity of current COX-2 inhibitors is related to its broad distribution.
Celecoxib has displayed a plasma concentration of 5 uM in humans, at least 5000 times higher
than its ICsp values against COX-2 enzyme [6, 7]. As a consequence, celecoxib or other NSAIDs
cannot be used in colon cancer chemoprevention or in the management of chronic pain (i.e., they
cannot be used for long periods of time) for the vast majority of the patients. Therefore, the need
to design COX-2 inhibitors with local bioavailability in colon but no systemic bioavailability is

apparent.

[0012] Towards fulfilling this need, building a drug such as a locally bioavailable COX-2
inhibitor with a structural motif that will subject the compound to rapid first-pass metabolism
before reaching the systemic circulation will limit its exposure to non-therapeutically targeted
organs affected by toxicity. Such a drug tailored to have bioavailability only in a specific organ
will be of great benefit in the alleviation of pain in the colon and using such drugs as

chemotherapeutic and/or chemopreventive agents in certain targeted organs (e.g., colon).

SUMMARY

[0013] An embodiment of the disclosure is a composition comprising a therapeutic compound
designed with a designated structural motif; wherein the designated structural motif allows
therapeutic effects at the targeted organ; wherein the designated structural motif causes increased

metabolism of the therapeutic compound; and wherein the toxic effects of the therapeutic
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compound are decreased or virtually eliminated outside of the target organ. In an embodiment,
the therapeutic compound is a COX-2 inhibitor. In an embodiment, the therapeutic compound is
selected from the group consisting of a glucose transporter (SGLT?2) inhibitors, Niemann-Pick
Cl-like 1 protein inhibitors, TNFa inhibitors, FXR agonists, anti-inflammatory cytokines, and
steroidal anti-inflammatory drugs. In an embodiment, the structural motif is a phenolic, an
amine, an aliphatic alcohol, a carboxylic acid, or a sulthydryl. In an embodiment, the target
organ is intestine. In an embodiment, the toxic effects affect a patient’s heart. In an embodiment,
the therapeutic compound is selected from the group consisting of 6al, 6¢l, and 7al (Fig. 1). In
an embodiment, the therapeutic compound is metabolized by an enzyme selected from the group
consisting of UDP-glucuronosyltransferases (UGTs), sulfotransferases (SULTSs), esterases,
glutathione transferases (GT), cytochrome P450 enzymes, and hydrolases. In an embodiment, at
least one of the therapeutic compounds and metabolites of the therapeutic compounds are
substrates of hepatic uptake transporters selected from the group consisting of organic anion
transporting polypeptides (OATPs), organic anion transporters (OATs), and other uptake
transporters capable of the same function. In an embodiment, at least one of the therapeutic
compounds and metabolites of the therapeutic compounds are substrates of hepatic efflux
transporters selected from the group consisting of multidrug-resistance related protein 2 (MRP2),
breast cancer resistance protein (BCRP), bile salt efflux protein (BSEP), and other efflux

transporter capable of the same function.

[0014] An embodiment of the disclosure is a method of drug design comprising modifying a
therapeutic compound with a structural motif; and increasing metabolism of the therapeutic
compound; wherein the concentration outside of the therapeutic target organ is decreased in
comparison to the therapeutic compound without the added structural motif. In an embodiment,
the therapeutic compound is a COX-2 inhibitor. In an embodiment, the therapeutic compound is
selected from the group consisting of a glucose transporter (SGLT?2) inhibitors, Niemann-Pick
Cl-like 1 protein inhibitors, TNFo inhibitors, FXR agonists, anti-inflammatory cytokines, and
steroidal anti-inflammatory drugs. In an embodiment, the structural motif is a phenolic, an
amine, an aliphatic alcohol, a carboxylic acid, or a sulthydryl. In an embodiment, the target
organ is intestine. In an embodiment, toxic effects of the therapeutic compound are decreased

outside of a target organ. In an embodiment, the therapeutic compound is selected from the
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group consisting of 6al, 6¢l, and 7al (Fig. 1). In an embodiment, the therapeutic compound is
metabolized by an enzyme selected from the group consisting of UDP-glucuronosyltransferases
(UGTs), sulfotransferases (SULTSs) esterases, glutathione transferases (GT), cytochrome P450
enzymes, and hydrolases. In an embodiment, at least one of the therapeutic compounds and
metabolites of the therapeutic compounds are substrates of hepatic uptake transporters selected
from the group consisting of organic anion transporting polypeptides (OATPs), organic anion
transporters (OATs), and other uptake transporters capable of the same function. In an
embodiment, at least one of the therapeutic compounds and metabolites of the therapeutic
compounds are substrates of hepatic efflux transporters selected from the group consisting of
multidrug-resistance related protein 2 (MRP2), breast cancer resistance protein (BCRP), bile salt

efflux protein (BSEP), and other efflux transporter capable of the same function.

[0015] Other objects, features, and advantages of the present disclosure will become apparent
from the following detailed description. It should be understood, however, that the detailed
description and the specific examples, while indicating embodiments of the disclosure, are given
by way of illustration only, since various changes and modifications within the spirit and scope

of the disclosure will become apparent to those skilled in the art from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In order that the manner in which the above-recited and other enhancements and objects
of the disclosure are obtained, a more particular description of the disclosure briefly described
above will be rendered by reference to specific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings depict only typical embodiments of the
disclosure and are therefore not to be considered limiting of its scope, the disclosure will be
described with additional specificity and detail through the use of the accompanying drawings in

which:

[0017] Fig. 1 is an illustration of the chemical structures of the locally bioavailable COX-2
inhibitors and a representative synthesis scheme. The locally bioavailable COX-2 inhibitors were
prepared by several steps with the agents and conditions indicated in this scheme. All the
compounds were purified by silica gel chromatography, probed using LC-MS/MS, and certified

(or verified) with nuclear magnetic resonance (NMR).
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[0018] Fig. 2A is an illustration of the absorption, metabolism, excretion, hydrolysis and

reabsorption of the locally bioavailable COX-2 inhibitors in the colonic epithelium and liver.

[0019] Fig. 2B is a comparison of the pharmacokinetic properties between celecoxib and the
locally bioavailable COX-2 inhibitors in the human body after administration. The distribution of
the locally bioavailable COX-2 inhibitors and their metabolites are limited to the gut and liver
due to the extensive first-pass metabolism and enterohepatic circulation. The high concentration

of celecoxib in the systemic circulation increases the risk of cardiovascular events in patients.

[0020] Fig. 3A is a bar graph illustration of PGE2 production by recombinant human COX-2
enzyme in the presence of the new compounds. Less PGE2 production means inhibition of
COX-2 enzyme. More potent inhibitors are able to inhibit PGE2 production at lower inhibitor
concentration. This figures showed that 6al, 6a2, and 6a3 were effective inhibitors of COX-2

enzyme.

[0021] Fig. 3B is a bar graph illustration of PGE2 production by recombinant human COX-2
enzyme in the presence of the metabolites of the new compounds. Less PGE2 production means
inhibition of COX-2 enzyme. This figure shows that phase II conjugates of 6al were not

inhibitors of COX-2 enzyme.

[0022] Fig. 4A is a bar graph illustration of the metabolism of the phenolics by Raw264.7 cells.
Raw264.7 cells were incubated with 0.1pg/mL LPS and 1uM 6al, 6a2 or 6a3, respectively. 14
hours later the concentrations of PGD2, the phenolics (i.e., aglycones, solid bars), and their phase
II metabolites (open bars for glucuronides and shade bars for sulfates) were determined in the
medium. Less PGD2 production means inhibition of COX-2 enzyme. This figure shows 6al and
6a2 were less effective than 6a3 because of phase II metabolism differences (i.e., more phase II

metabolism means less activities in Raw264.7 cells).

[0023] Fig. 4B is a bar graph illustration of the metabolism of the phenolics by Raw264.7 cells.
Raw?264.7 cells were incubated with different concentrations of 6al and LPS. 14 hours later the
concentrations of PGD2, 6al, and its metabolites were determined in the medium. Less PGD2
production means inhibition of COX-2 enzyme. This figure shows that higher concentration of

6al was more effective than lower concentration of 6al.
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[0024] Fig. 4C is a bar graph illustration of the metabolism of the phenolics by Raw264.7 cells.
Raw264.7 cells were incubated with 1uM 6al and/or 200 units/mL B-glucuronidase. LPS
(0.1pg/mL) was also incorporated to induce COX-2 expression. 14 hours later the concentrations
of PGD2, 6al, and its metabolites were determined in the medium. Less PGD2 production means
inhibition of COX-2 enzyme. This figure shows that in the presence of B-glucuronidase, which
reconverted inactive 6al glucuronide to 6al, increased aglycone concentration and resulted in

more inhibition of the COX-2 enzyme.

[0025] Fig. 5A is a bar graph illustrating in vitro metabolism of phenolics via glucuronidation
pathway. Glucuronidation rates of all the new locally bioavailable COX-2 inhibitors by rat liver
microsomes. Additional metabolic rates of various locally bioavailable COX-2 inhibitors are in
Table 3. The in vitro metabolism rates were determined with a substrate concentration of 10uM.
Raloxifene and genistein are two compounds whose systemic bioavailability is less than 10%
due to extensive glucuronidation and significant sulfonation. The incubation systems were: for
glucuronidation, 0.88mM magnesium chloride (MgCl2), 4.4mM saccharolactone, 0.022 mg/mL
alamethicin, 3.5mM uridine 5'-diphospho-glucuronic acid (UDPGA), 10uM substrates and
different concentrations of microsomes in 50 mM potassium phosphate buffer (pH 7.4); for
sulfation, 10mM dithiothreitol (DTT), 5SmM MgCl2, 100uM 3'-phosphoadenosine-5'-
phosphosulfate (PAPS),10uM substrate and different concentrations of S9 fractions in 50mM
potassium phosphate buffer (pH 7.4). This figure shows that 6al, 6a2 and 6a4 were rapidly

glucuronidated.

[0026] Fig. 5B is a bar graph illustrating in vitro glucuronidation of phenolics in liver and
colon microsomes of rats. Glucuronidation rates of 6al-6a4 by rat liver and colon microsomes
were measured. Additional metabolic rates of various locally bioavailable COX-2 inhibitors are
in Table 3. The in vitro metabolism rates were determined with a substrate concentration of
10uM. Raloxifene and genistein are two compounds whose systemic bioavailability is less than
10% due to extensive glucuronidation and significant sulfonation. The incubation systems were:
for glucuronidation, 0.88mM magnesium chloride (MgCl2), 4.4mM saccharolactone, 0.022
mg/mL alamethicin, 3.5mM uridine 5'-diphospho-glucuronic acid (UDPGA), 10uM substrates
and different concentrations of microsomes in 50 mM potassium phosphate buffer (pH 7.4); for

sulfation, 10mM dithiothreitol (DTT), SmM MgCl2, 100uM 3'-phosphoadenosine-5'-
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phosphosulfate (PAPS),10uM substrate and different concentrations of S9 fractions in 50mM
potassium phosphate buffer (pH 7.4). This figure shows that 6al, 6a2 and 6a4 were much more
rapidly glucuronidated in liver microsomes than colon microsomes, a desirable metabolic
characteristic for locally bioavailable COX-2 inhibitors that will be effective in colon but not

bioavailable systemically.

[0027] Fig. 5C is a bar graph illustrating in vitro metabolism of phenolics via sulfonation
pathway. Sulfation rates of 6al-6a4 by rat liver and colon S9 fractions. Additional metabolic
rates of various locally bioavailable COX-2 inhibitors are in Table 3. The in vitro metabolism
rates were determined with a substrate concentration of 10uM. Raloxifene and genistein are two
compounds whose systemic bioavailability is less than 10% due to extensive glucuronidation and
significant sulfonation. The incubation systems were: for glucuronidation, 0.88mM magnesium
chloride (MgCl2), 4.4mM saccharolactone, 0.022 mg/mL alamethicin, 3.5mM uridine 5'-
diphospho-glucuronic acid (UDPGA), 10uM substrates and different concentrations of
microsomes in 50 mM potassium phosphate buffer (pH 7.4); for sulfation, 10mM dithiothreitol
(DTT), SmM MgCl2, 100uM 3'-phosphoadenosine-5'-phosphosulfate (PAPS),10uM substrate
and different concentrations of S9 fractions in 50mM potassium phosphate buffer (pH 7.4).
This figure shows that 6al, 6a2 and 6a4 were much more rapidly sulfonated in liver S9 fraction
than colon S9 fraction, a desirable metabolic characteristic for locally bioavailable COX-2

inhibitors that will be effective in colon but not bioavailable systemically.

[0028] Fig. 5D is a bar graph illustrating in vitro metabolism of phenolics. Glucuronidation
rates of 6al-6a4 by human liver and intestinal microsomes. Additional metabolic rates of various
locally bioavailable COX-2 inhibitors are in Table 4. The in vitro metabolism rates were
determined with a substrate concentration of 10uM. Raloxifene and genistein are two compounds
whose systemic bioavailability is less than 10% due to extensive glucuronidation and significant
sulfonation. The incubation systems were: for glucuronidation, 0.88mM magnesium chloride
(MgCl12), 44mM saccharolactone, 0.022 mg/mL alamethicin, 3.5mM uridine 5'-diphospho-
glucuronic acid (UDPGA), 10uM substrates and different concentrations of microsomes in 50
mM potassium phosphate buffer (pH 7.4); for sulfation, 10mM dithiothreitol (DTT), SmM
MgCl12, 100uM 3'-phosphoadenosine-5'-phosphosulfate (PAPS),10uM substrate and different
concentrations of S9 fractions in 50mM potassium phosphate buffer (pH 7.4). This figure
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shows that 6al was much more rapidly glucuronidated in liver microsomes than intestinal
microsomes, a desirable metabolic characteristic for locally bioavailable COX-2 inhibitors that
will be effective in colon but not bioavailable systemically. Compounds 6a2 and 6a4 did not

share this property with 6al, a reason why 6al was chosen for many later studies.

[0029] Fig. 6A is a graphical illustration of metabolism and transport of 6al in the Caco-2 cell
monolayer model. 10uM 6al (solid triangles) was applied to the apical side of the Caco-2 cell
monolayer model, and the concentrations of 6al and its metabolites (glucuronides, squares;
sulfates, circles) were determined from 0-8 hours. This figure shows the concentrations of

various species at the apical side (A to B: A).

[0030] Fig. 6B is a graphical illustration of metabolism and transport of 6al in the Caco-2 cell
monolayer model. 10uM 6al (solid triangles) was applied to the apical side of the Caco-2 cell
monolayer model, and the concentrations of 6al and its metabolites (glucuronides, squares;
sulfates, circles) were determined from 0-8 hours. This figure shows the concentrations of

various species at the basolateral side (A to B: B).

[0031] Fig. 6C is a graphical illustration of metabolism and transport of 6al in the Caco-2 cell
monolayer model. 10uM 6al was applied to the basolateral side of the Caco-2 cell monolayer
model, and the concentrations of 6al and its metabolites (glucuronides, squares; sulfates, circles)
were determined from 0-8 hours. This figure shows the concentrations of various species at the

apical side (B to A: A).

[0032] Fig. 6D is a graphical illustration of metabolism and transport of 6al in the Caco-2 cell
monolayer model. 10uM 6al was applied to the basolateral side of the Caco-2 cell monolayer
model, and the concentrations of 6al and its metabolites (glucuronides, squares; sulfates, circles)
were determined from 0-8 hours. This figure shows the concentrations of various species at the

basolateral side (B to A: B).

[0033] Fig. 7A is a graphical illustration of the blood concentrations of celecoxib in
pharmacokinetics studies (n=5-6 in each experiment). The blood concentrations of celecoxib

after an oral dose of 20mg/kg in SD rats.
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[0034] Fig. 7B is a graphical illustration of the blood concentrations of the locally bioavailable
COX-2 inhibitors in pharmacokinetics studies (n=5-6 in each experiment). The blood
concentrations of 6al and its two phase II metabolites after an oral dose of 20mg/kg in SD rats.

Please note that the concentration of 6al is about 1000 fold less than celecoxib shown in Fig.7A.

[0035] Fig. 7C is a graphical illustration of the blood concentrations of the locally bioavailable
COX-2 inhibitors in pharmacokinetics studies (n=5-6 in each experiment). The blood
concentrations of 6a3 and its two phase II metabolites after an oral dose of 20mg/kg in SD rats.

Please note that the concentration of 6al is about 100 fold less than celecoxib shown in Fig.7A.

[0036] Fig. 7D is a graphical illustration of the blood concentrations of the locally bioavailable
COX-2 inhibitors in pharmacokinetics studies (n=5-6 in each experiment). The blood
concentrations of 6al and its two phase II metabolites after a dose of 20mg/kg administrated to
colon from the anus in SD rats. Please note that the concentration of 6al is about 300 fold less

than celecoxib shown in Fig.7A.

[0037] Fig. 8A is an illustration of a diagrammatic sketch of the colon perfusion system, which

utilizes TNBS to create acute colitis.

[0038] Fig. 8B is a representative mass spectrometry chromatograph for the analysis of

prostaglandin concentrations in the perfusate.

[0039] Fig. 9A is a graphical illustration of the attenuation of PGE2 concentrations in the
perfusate from the inflamed rat colon. The decreasing of PGE2 concentrations in the perfusate
can be described as a first order process and the rate constants were obtained by fitting the

kt

experimental results to the equation C=C60minxe™. 1 and 10uM celecoxib significantly

accelerated the PGE?2 attenuation in the perfusate, while 0.1uM was found to be ineffective.

[0040] Fig. 9B is a graphical illustration of the attenuation of PGE2 concentrations in the
perfusate from the inflamed rat colon. The influences of the locally bioavailable COX-2
inhibitors on the PGE2 attenuation. Perfusion with B-CD-formulated 70uM 6al or mixture 2
(6al-3, 6b2-3, and 6¢2-3, 10uM for each) significantly accelerated the PGE2 attenuation, while

all the other attempts failed to show effectiveness.
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[0041] Fig. 9C is a graphical illustration of the attenuation of PGE2 concentrations in the
perfusate from the inflamed rat colon. The comparison of the half-lives of PGE2 attenuation in
each group. The half-lives were derived from the rate constants and the P values are shown in the

figure for the statistical analysis (T-test).

[0042] Fig. 10A is an illustration of the absorption, metabolism and excretion of 6al in the rat
colon and liver. Fig. 10A illustrates UPLC-UV analysis of the bile samples collected from rats
before (upper, Blank Bile) and during (middle, 6al glucuronide in bile) the perfusion of B-CD-
formulated 70uM 6al in HBSS. The large peak eluted between 2.8 and 2.9 minutes was
identified as the glucuronide of 6al, because it was shown to be converted to 6al by f-

glucuronidase (lower, 6al in bile).

[0043] Fig. 10B is an illustration of the absorption, metabolism and excretion of 6al in the rat
colon and liver. Fig. 10B illustrates the amounts of 6al absorbed in colon and excreted as

glucuronide in bile each hour during the perfusion period.

[0044] Fig. 11A is a graphical illustration of the concentrations of celecoxib in the blood
samples collected from the rat tails during the perfusion periods. Fig. 11A shows the blood
concentrations of celecoxib at different time points when the rat colon was perfused with

different concentrations of celecoxib.

[0045] Fig. 11B is a graphical illustration of the concentrations of 6al in the blood samples
collected from the rat tails during the perfusion periods. Fig. 11B shows blood concentrations of
6al at different time points when the rat colon was perfused with 10uM 6al in HBSS or B-CD-
formulated 70uM 6al in HBSS. The contents of the phase II metabolites of 6al were below

quantitation limit and therefore negligible in all the blood samples.

[0046] Fig. 12 is a depiction of the pharmacokinetic properties between systemically
bioavailable COX-2 inhibitors and the locally bioavailable COX-2 inhibitors in the human body
after administration. The distribution of the locally bioavailable COX-2 inhibitors and their
metabolites are limited to the gut and liver due to the extensive first-pass metabolism and
enterohepatic circulation. The high concentration of systemically bioavailable COX-2 inhibitors

(e.g., celecoxib) in the systemic circulation increases the risk of cardiovascular events in patients.
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DETAILED DESCRIPTION

[0047] The particulars shown herein are by way of example and for purposes of illustrative
discussion of the certain embodiments of the present disclosure only and are presented in the
cause of providing what is believed to be the most useful and readily understood description of
the principles and conceptual aspects of various embodiments of the disclosure. In this regard, no
attempt 1s made to show structural details of the disclosure in greater detail than is necessary for
the fundamental understanding of the disclosure, the description should be taken with the
drawings making apparent to those skilled in the art how the several forms of the disclosure can

be embodied in practice.

[0048] The following definitions and explanations are meant and intended to be controlling in
any future construction unless clearly and unambiguously modified in the following examples or
when application of the meaning renders any construction meaningless or essentially
meaningless. In cases where the construction of the term would render it meaningless or

essentially meaningless, the definition should be taken from Webster's Dictionary 3rd Edition.

[0049] As used herein, the term "mammal" is known in the art, and exemplary mammals
include humans, primates, bovines, porcines, ovines, equines, caprines, canines, felines, and

rodents (e.g., mice and rats).

[0050] As used herein, the term "patient,” means and refers to either a human or non-human

mammal.

[0051] The "Central Theme" is to develop methods, approaches, and evaluation systems to
develop drugs with narrow distribution and high local bioavailability by harnessing the power of
the body's own physiological processes. Each of these processes may include at least enzymes,
transporters, and biological rhythm that humans already possess. The key is to design drug
molecules that can take advantage of these physiological processes for the development of safe

and effective drugs.

[0052] In an embodiment, this "Central Theme" is demonstrated by locally bioavailable
cyclooxygenase-2 (COX-2) inhibitors for treating colonic diseases that are mediated by COX-2.

This "Central Theme" can be used to design other classes of drugs to treat colonic diseases using
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methods, approaches and evaluation systems described here. The “Central Theme” can also be

used to design drugs to treat other diseases of the gastrointestinal tract.

[0053] Many drugs' therapeutic targets and toxicity targets are in different organs. However,
most of these drugs are systemically bioavailable, and as such have broad distribution throughout
the body, i.e., they are often present at the same or even higher concentrations at the organs
responsible for the toxicity than that for the therapeutic effects. Disclosed herein are the design
and development of drugs that have local bioavailability in the target organ but are not broadly
distributed at high-enough concentration to illicit toxic side effects in non-targeted organs. The
approach used is to build in a structural motif that subjects the compound to be rapidly
metabolized by phase I or phase II enzymes presented in humans before reaching the non-
targeted organs responsible for toxicity. Locally bioavailable COX-2 inhibitors for colonic
diseases disclosed in detail here demonstrate the principle by using a class of phase II enzymes
called UGTs. The power of first-pass metabolism and enterohepatic recycling, two normal

physiological processes, can be harnessed to achieve these goals.

[0054] A series of locally bioavailable COX-2 inhibitors for colonic diseases were
purposefully designed and obtained to be locally active but lack the systemic bioavailability.
Such an approach would decrease or eliminate the cardiovascular toxicity associated with current
systemically available COX-2 inhibitors. COX-2 inhibitors have been shown repeatedly in
animal and human studies to be active against colorectal cancer (CRC) [1-3], and precancerous

lesions in colon (e.g., familial adenomatous polyposis or FAP).

[0055] Disclosed herein are locally active COX-2 inhibitors that are not systemically
bioavailable, and therefore will not cause cardiovascular toxicity, and methods of preparation of
the locally active COX-2 inhibitors. Locally bioavailable COX-2 inhibitors can be used for colon
cancer prevention, precancerous lesions, and intestinal inflammation-related diseases-. This
concept can be applied to additional therapeutic classes whose therapeutic target is in the
intestinal lumen but whose toxic side effect targets are not. In various embodiments, the drug
can be glucose transporter (SGLT2) inhibitors that treat diabetes, for cholesterol absorption
(Niemann-Pick Cl-like 1, NPCIL1 protein) inhibitors that treat hyperlipidemia, and for steroidal

anti-inflammatory drugs that treat colonic diseases.
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[0056] Systemically available COX-2 inhibitors are toxic to the cardiovascular system [4, 5].
Building certain structural motifs into COX-2 inhibitors makes them excellent substrates for
hepatic UDP-glucuronosyltransferases (UGTs) and sulfotransferases (SULTs). These structural
motifs will make the compounds unavailable to the systemic circulation, thereby eliminating any
toxicity associated with the systemic exposure (such as cardiovascular toxicities). Disclosed

herein are lead compounds with the above stated structural motifs.

[0057] The present disclosure relates to building structural motifs into drugs to create new
therapeutic compounds that will be rapidly metabolized before reaching the non-targeted organs
responsible for toxicity. In various embodiments, other structural motifs that can be used to
modify the therapeutic compounds that include but are not limited to phenolic rings, aromatic
alcohols, flavonoids, coumarins, stilbenoids, ligands, amino acids, choline and so on. In certain
embodiments, the target organs can include but are not limited to the stomach, small intestine,

colon, liver, and joints.

[0058] In certain embodiments of the disclosure, structural motifs are incorporated into
therapeutic drugs to make the now new compound a substrate for hepatic UDP-
glucuronosyltransferases (UGTs) and sulfotransferases (SULTs). In various embodiments,
incorporating structural motifs into a therapeutic drug can make the new compound a substrate
for other mammalian, and more specifically, human enzymes including but not limited to
catechol-O-methyl transferase (COMT), glutathione S-transferases (GSTs), N-acetyltransferases,
bile acid-CoA:amino acid N-acyltransferase, choline acetyltransferase (ChAT), glycine-N-
acyltransferase (GLYAT), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
phenylalanine hydroxylase, cerebrosidase, J-hexosaminidase A, a-iduronidase, and iduronate

sulfatase, cytochrome P-450 enzymes (CYPs), esterases, and other hydrolases.

[0059] In certain further embodiments, the introduced structural motifs result in the compounds
being generally unavailable to systemic circulation. In such embodiments, the unavailability
eliminates or reduces toxicities associated with systemic exposure. In various embodiments, the
toxicities reduced include but are not limited to cardiovascular toxicity, neurotoxicity,

hepatotoxicity, immunotoxicity, nephrotoxicity, pulmonary toxicity, ototoxicity, ocular toxicity,
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muscle toxicity, skin toxicity, skeletal toxicity, hematotoxicity, splenic toxicity, pancreatic

toxicity, reproductive toxicity, endocrine toxicity, and fetal toxicity.

[0060] In an embodiment, delivery routes that can be utilized include but are not limited to
enteral (or oral), parenteral, sublingual, respiratory, ophthalmic, otologic, nasal, urogenital,
dermal, and injection (including but not limited to intradermal, subcutaneous, transdermal,
intramuscular, intracavernous, intravitreal, intra-articular, transscleral, intracerebral, intrthecal,

epidural, intravenous, intracardiac, intramuscular, interosseous, and intraperitoneal).

[0061] The first class of compounds useful in treating cyclooxygenase-2 mediated diseases is

defined by Formula I.

(D
R, N,
Rz

wherein R is selected from sulfamyl, substituted sulfamyl, halo, alkyl, alkoxy, hydroxyl, and
haloalkyl.

wherein R3 is selected from hydrido, halo, haloalkyl, cyano, nitro, formyl, carboxyl,
alkoxycarbonyl, carboxyalkyl, alkoxycarbonylalkyl, amidino, cyanoamidino, arnido, alkoxy,
amidoalkyl, N-monoalkylamido, N-monoarylamido, N,N-dialkyla- mido, N-alkyl-N-arylamido,
alkylcarbonyl, alkylcarbo- nylalkyl, hydroxyalkyl, alkylthio, alkylsulfinyl, alkyl- sulfonyl, N-
alkylsulfamyl, N-arylsulfamyl, arylsulfonyl, N,N-dialkylsulfamyl, N-alkyl-N-arylsulfamyl, and
heterocyclic when R3 is selected from any aromatic moiety, such as phenyl, pyridyl, thienyl,
oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s)

or with one or more amine(s) that can be conjugated with glucuronic acid or sulphonic acid.

wherein R3 is selected from hydrido, halo, haloalkyl, cyano, nitro, formyl, carboxyl,
alkoxycarbonyl, carboxyalkyl, alkoxycarbonylalkyl, amidino, cyanoamidino, arnido, alkoxy,
amidoalkyl, N-monoalkylamido, N-monoary larnido, N,N-dialkyla- mido, N-alkyl-N-arylarnido,
alkylcarbonyl, alkylcarbo- nylalkyl, hydroxyalkyl, alkylthio, alkylsulfinyl, alkyl- sulfonyl, N-
alkylsulfamyl, N-arylsulfamyl, arylsulfonyl, N,N-dialkylsulfamyl, N-alkyl-N-arylsul- famyl,
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heterocyclic, heterocycloalkyl, and aralkyl when Rz is selected from any aromatic moiety, such
as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl, quinolinol, pyridinol,
with one or more hydroxyl(s) or with one or more amine(s) that can be conjugated with

glucuronic acid or sulphonic acid.

wherein R4 is selected from aryl, cycloalkyl, cycloalkenyl and heterocyclic; wherein R4 is
optionally substituted at a substitutable position with one or more radicals selected from halo,
alkylthio, alkylsulfinyl, alkyl, alkylsulfonyl, cyano, carboxyl, alkoxycarbonyl, amido, N-
monoalkylamido, N-monoarylamido, N,N- dialkylamido, N-alkyl-N-arylamido, haloalkyl,
hydroxyl, alkoxy hydroxyalkyl haloalkoxy, sulfamyl, N-alkylsulfamyl, amino, methylthio, N-

alkylarnino, N,N-dialkylamino, heterocyclic, nitro and acylarnino;

Or wherein R3 and R4 together form nosulfonyl]phenyl)-5-phenylpyrazole-3-carboxylic acid
has been prepared from the above described 4-[3-methyl-5- 65 phenyl-1H-pyrazol-1-

yl]benzenesulfonamide compound

wherein Rs is one or more radicals selected from halo, alkylthio, alkylsulfinyl, alkylsulfonyl,
cyano, carboxyl, alkoxycarbonyl, amido, N-monoalkylarnido, N-monoarylamido, alkyl, N,N-
dialkylamido, N-alkyl- N-arylarnido, haloalkyl, hydrido, hydroxyl, alkoxy, hydroxyalkyl,
haloalkoxy, sulfamyl, N-alkylsulfamyl, amino, alkylamino, heterocyclic, nitro and acylarnino;
provided Rz and R3 are not identical radicals selected from hydrido, carboxyl and
ethoxycarbonyl; further provided that R> cannot be carboxyl when R3 is hydrido and when R4 is
phenyl; and further provided that R4 is sulfamyl or N-alkylsulfamyl when R} is halo; or a
pharmaceutically-acceptable salt thereof when Rz or R3 is selected from any aromatic moiety,
such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl, quinolinol,
pyridinol, with one or more hydroxyl(s) or with one or more amine(s) that can be conjugated

with glucuronic acid or sulphonic acid.
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[0062] The phrase "further provided", as used in the above description, is intended to mean that

the denoted proviso is not to be considered conjunctive with any of the other provisos.

[0063] A preferred class of compounds consists of those compounds of Formula 1 wherein R1
is sulfamyl or substituted sulfamyl, wherein R2 is selected from phenyl with one or more
hydroxyl, alkylphenyl with one or more hydroxyl, wherein R3 is from hydrido, halo, wherein R4
is selected from aryl with substitute of methyl, methoxyl, halo, hydrido, or methylthio and

pharmaceutically acceptable salts thereof.

[0064] Example structures are listed below.
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[0065] A typical synthesis scheme is listed in Fig. 1.

[0066] The second class of compounds is defined by formula 2.

R1

=—0

€3

wherein R is selected from hydroxyl, amino, alkyl, carboxyalkyl, alkoxycarbon yl, aminocarbon
yl, aminocarbonylalkyl, alkoxycarbonylalkyl, carboxyl, alkoxy, haloalkoxy, aralkoxy,
heteroaralkoxy, cycloalkylalkoxy, alkylthio, aralkylthio, heteroaralkylthio, cycloalkylalkylthio,
alkoxyalkyl, aralkoxyalkyl, alkylthioalkyl, aralkylthioalkyl, alkylaminoalkyl, aryloxyalkyl,
arylthioalkyl, hydroxyalkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, heterocyclo,
heterocycloalkyl, aryl, aralkyl, halo, alkylamino, aralkylamino, N-alkyl-N-aralkylamino,
heteroaralkylamino, N-alkyl-N-heteroaralkylamino, N-alkyl-N-cycloalkylalkylamino,
arylcarbonylthio, alkylaminocarbonylthioalkyl, arylcarbonyloxyalkyl, alkoxycarbon yloxyalkyl,
alkylaminocarbonyloxyalkyl, alkoxycarbonylthioalkyl, and alkylaminocarbonylthioalkyl when
R: is selected from any aromatic moiety, such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl,
benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s) or with one or more

amine(s) that can be conjugated with glucuronic acid or sulphonic acid.

wherein Rz is selected from cycloalkyl, cycloalkenyl, aryl and heterocyclo; wherein R3 is
optionally substituted at a substitutable position with one or more radicals independently selected
from alkyl, cyano, carboxyl, alkoxycarbonyl, haloalkyl, hydroxyl, hydroxyalkyl, haloalkoxy,
amino, aminoalkyl, alkylamino, arylamino, nitro, alkoxyalkyl, alkylsulfinyl, aminosulfonyl, halo,
alkoxy and alkylthio when R is selected from any aromatic moiety, such as phenyl, pyridyl,
thienyl, oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more
hydroxyl(s) or with one or more amine(s) that can be conjugated with glucuronic acid or

sulphonic acid.
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wherein R3 is one or more radicals independently selected from alkyl, cyano, carboxyl,
alkoxycarbonyl, haloalkyl, hydroxyl, hydroxyalkyl, haloalkoxy, amino, aminoalkyl,
alkylamino, arylamino, nitro, alkoxyalkyl, alkylsulfinyl, halo, hydroxysulfonyl, alkylsulfonyl,
aminosulfonyl, haloalkylsulfonyl, alkoxy and alkylthio; or a pharmaceutically-acceptable salt

thereof.

[0067] A preferred class of compounds consists of those compounds of Formula 3 wherein R4
is sulfamyl or substituted sulfamyl, wherein R1 is from hydrido, halo, wherein R2 is selected
from aryl with substitute of methyl, methoxyl, halo, hydrido, or methylthio and pharmaceutically

acceptable salts thereof as follows:

R1
]
R4—S \ 3)
J N
O Ro

wherein R is selected from alkyl, carboxyalkyl, alkoxycarbonyl, aminocarbonyl,
aminocarbonylalkyl, alkoxycarbonylalkyl, carboxyl, alkoxy, haloalkoxy, aralkoxy,
heteroaralkoxy, cycloalkylalkoxy, alkylthio, aralkylthio, heteroaralkylthio, cycloalkylalkylthio,
alkoxyalkyl, aralkoxyalkyl, alkylthioalkyl, aralkylthioalkyl, alkylaminoalkyl, aryloxyalkyl,
arylthioalkyl, hydroxyl, amino, hydroxyalkyl, haloalkyl, cycloalkyl, cycloalkylalkyl,
heterocyclo, heterocycloalkyl, aralkyl, halo, alkylamino, aralkylamino, N-alkyl-N-aralkylamino,
heteroaralkylamino N-alkyl-N-hetero aralkylamino, N-alkyl-N-cycloalkylalkylamino,
arylcarbonyloxy alkyl, arylcarbonylthio, alkoxyc arbonyloxyalkyl ,
alkylaminocarbonyloxyalkyl, alkoxycarbonylthioalkyl, and alkylaminocarbonylthioalkyl, when
R: is selected from any aromatic moiety, such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl,
benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s) or with one or more

amine(s) that can be conjugated with glucuronic acid or sulphonic acid.

wherein R4 is selected from alkyl, hydroxyl, and amino; peptides, or a pharmaceutically-

acceptable salt thereof.
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[0068] Within Formula 3, there is a subclass of compounds of high interest represented by

Formula 4.

R1
Q 0
- \
HN—5 N @)
0
Ro

wherein R is selected from hydroxyl, alkyl, carboxyalkyl, aminocarbonylalkyl,
alkoxycarbonylalkyl, carboxyl. alkoxy, haloalkoxy, aralkoxy, heteroaralkoxy, cycloalkylalkoxy,
alkylthio, heteroaralkylthio, cycloalkylalkylthio, alkoxyalkyl, aralkoxyalkyl, alkylthioalkyl,
aralkylthioalkyl, alkylaminoalkyl, aryloxyalkyl, arylthioalkyl, hydroxyalkyl, haloalkyl,
cycloalkyl, cycloalkylalkyl, heterocyclo, heterocycloalkyl, aralkyl, halo, alkylamino,
aralkylamino, N-alkyl-N- aralkylamino, heteroaralkylamino, N-alkyl-N- heteroaralkylamino,
alkyl-N-cycloalkylalkylamino, arylcarbonyloxy alkyl, arylcarbonylthio, alkoxycarbonyloxyalkyl,
alkylaminocarbonyloxyalkyl, alkoxycarbonylthioalkyl, and alkylaminocarbonylthioalkyl when
R: is selected from any aromatic moiety, such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl,
benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s) or with one or more

amine(s) that can be conjugated with glucuronic acid or sulphonic acid.

Or wherein Ra is selected from hydroxyl, alkyl, carboxyalkyl, aminocarbonylalkyl,
alkoxycarbonylalkyl, carboxyl. alkoxy, haloalkoxy, aralkoxy, heteroaralkoxy, cycloalkylalkoxy,
alkylthio, heteroaralkylthio, cycloalkylalkylthio, alkoxyalkyl, aralkoxyalkyl, alkylthioalkyl,
aralkylthioalkyl, alkylaminoalkyl, aryloxyalkyl, arylthioalkyl, hydroxyalkyl, haloalkyl,
cycloalkyl, cycloalkylalkyl, heterocyclo, heterocycloalkyl, aralkyl, halo, alkylamino,
aralkylamino, N-alkyl-N- aralkylamino, heteroaralkylamino, N-alkyl-N- heteroaralkylamino,
alkyl-N-cycloalkylalkylamino, arylcarbonyloxy alkyl, arylcarbonylthio, alkoxycarbonyloxyalkyl,
alkylaminocarbonyloxyalkyl, alkoxycarbonylthioalkyl, and alkylaminocarbonylthioalkyl when
R is selected from any aromatic moiety, such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl,
benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s) or with one or more

amine(s) that can be conjugated with glucuronic acid or sulphonic acid.
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[0069] A preferred class of compounds (backbone in Formula 5) consists of those compounds
of Formula (4) wherein R1 is selected from hydroxyl, lower alkyl, carboxyl, lower carboxyalkyl,
lower aminocarbonylalkyl, lower alkoxycarbonylalkyl, lower aralkyl, lower alkoxyalkyl, lower
aralkoxyalkyl, lower alkylthioalkyl, lower aralkylthioalkyl, lower alkylaminoalkyl, lower
aryloxyalkyl, lower arylthioalkyl, lower haloalkyl, lower hydroxylalkyl, lower cycloalkyl,
lower cycloalkylalkyl, and aralkyl when R2 is selected from any aromatic moiety, such as
phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl, quinolinol, pyridinol, with
one or more hydroxyl(s) or with one or more amine(s) that can be conjugated with glucuronic

acid or sulphonic acid.

Or wherein R is optionally substituted at a substitutable position with one or more radicals
independently selected from lower alkylsulfinyl, aminosulfonyl, lower alkyl, cyano, carboxyl,
lower alkoxycarbonyl. lower haloalkyl, hydroxyl, lower hydroxyalkyl, lower haloalkoxy, amino,
lower alkylamino, lower arylamino, lower aminoalkyl, nitro, halo, lower alkoxy and lower
alkylthio; when R is selected from any aromatic moiety, such as phenyl, pyridyl, thienyl,
oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s)
or with one or more amine(s) that can be conjugated with glucuronic acid or sulphonic acid, or a

pharmaceutically-acceptable salt thereof or a pharmaceutically-acceptable salt thereof.

&)
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[0070] The third class of compounds are defined by Formula 6 or any pharmaceutically

acceptable salts thereof.

R;

4_,>r\ C (6)

Wherein X-Y-Z is selected from the group consisting of

(a) -CH2CH2CH2>-

(b) -C(O)CH2CH:2-

(¢) CH2CH2C(O)-

(d) -CR (R )-O-C(O)-

(e) -C(O )-O-CRs(R5)

(f) -CH -NR3-CH-

(g) -CR5(R5)-NR3-C(O)-,

(h) -CR4=CR4-S-,

(1) -S-CR4=CRy

(j) -S-N=CH-

(k) - CH=N-S-

(1) -N=CR4-O-

(m)-O-CR4=N-

(n) -N=CR4-NH-

(0) -N=CR4-S-,

(p) -S-CR4-N-

(q) -C(O)-NR -CR (R )-

(r) -R3N-CH=CH- provided R is not -S
(s) -R3N-CH=CH- provided R; is not -S(O) Me )
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With any Rx replaced in any place in above moiety. Wherein Rx is selected from any aromatic
moiety, such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl,
quinolinol, pyridinol, with one or more hydroxyl(s) or with one or more amine(s) that can be

conjugated with glucuronic acid or sulphonic acid, or a pharmaceutically-acceptable salt thereof.

When side b is a double bond, and sides a and c are single bonds; and X-Y-Z-is selected from the

group consisting of:

(a) =CH-O-CH=, and
(b) =CH-NR;3-CH-
(c) N-S-CH=

(d) =CH-S-N=

(e) N-O-CH=

(f) =CH-O-N=

(g) N-S-N=,

(h) -N-O-N=,

With any Rx replaced in any place in above moiety. Wherein Rx is selected from any aromatic
moiety, such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl, benzoxazolyl, thiazolyl,
quinolinol, pyridinol, with one or more hydroxyl(s) or with one or more amine(s) that can be

conjugated with glucuronic acid or sulphonic acid, or a pharmaceutically-acceptable salt thereof.

When sides a and ¢ are double bonds and side b is a single bond R is selected from the group

consisting of

(a) S(O)2CH3

(b) S(O)2NH>

(¢) S(O)2NHC(O)CF,

(d) S(O)(NH)CH3

() S(O)NH)NH

() S(O)(INH)NHC(O)CF3
(g) P(O)(CH3)OH, and

(h) P(O)(CH3)NH
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R: is selected from the group consisting of

(a) Ciealkyl
(b) Cs, C4, Cs, Ce, and C7 cycloalkyl

(c) mono-, di- or tri-substituted phenyl or naphthyl wherein the substituent is selected

from the group consisting of

(1) hydrogen

(2) halo

(3) Ci¢ alkoxy

(4) Ci6 alkylthio

(5) CN

(6) CF3

(7) Crealkyl

(8) N3

(9) -CO:H

(10) -CO2-Ciaalkyl
(11)  C(Rs)(Re)-OH,
(12)  -C(R5)(Re)-O-Ci4alkyl,
(13)  -Ciealkyl-CO2-Rs

(d) mono-, di- or tri-substituted heteroaryl wherein the heteroaryl is a monocyclic
aromatic ting of 5 atoms, said ting having one hetero atom which is S, O, or N and
optionally 1, 2, or 3 additionally N atoms; or the heteroaryl is a monocyclic ting of 6
atoms, said ring having one hetero atom which is N, and optionally 1, 2, 3, or 4

additional N atoms; said substituents are selected from the group of
(1)  hydrogen
2) halo, including fiuoro, chloro, bromo and iodo,

(3)  C_alkyl
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4 C, calkoxy

(5)  C, qalkylthio

(6) CN
N CF3
(8) N3

(9 -C(Rs)(Re)-OH, and
(10) -C(Rs5)(Re)-O-C, jalkyl
R3 is selected from the group consisting of
(a) Hydrogen

(b) CF;

(c) OCN

(d)  Ciealkyl,

()  hydroxy Ciealkyl

() -C(O)- Ci6 alkyl

(a) optionally substituted

(1)  Cl-salkyl-Q

(2)  -Cisalkyl-O-Cisalkyl-Q
(3)  -Cisalkyl-S-Ci3alkyl-Q
(4)  -Cisalkyl-O-Q

(5)  -Cursalkyl-S-Q

8-
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R4 and R4 are each independently selected from the group consisting of
wherein the substituent resides on the alkyl and the substituent is Ci3alky
(a) Hydrogen

(b) CF;

(c) OCN

(d)  Crealkyl

(e) -Q
) -0-Q
@ -S-Q

() Optionally substituted
(1)-Ci-salkyl-Q,
(2)-0-Csalkyl-Q,

(3)(3) -S-Cisalkyl-Q,

(4)(4) -C13alkyl-O-C3alkyl-Q,
(5)(5) -Ci-3alkyl-S-C3alkyl-Q,
(6)-Ci-salkyl-O-Q,

(7)-C1.s alkyl-S-Q

wherein the substituent resides on the alkyl and the substituent is Ci3alkyl, and Rs, Rs:, Re, R7

and Rg are each independently selected from the group consisting of

(a) Hydrogen
) C16 alkyl
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Or Rs and R¢ and R7 and Rg together with the carbon to which they are attached from a

saturate monocyclinc carbon ring of 3, 4, 5, 6, or 7 atoms;

Q is COOH, COO-Cj4alkyl, tetrazoly-5-yl, C(R7)(Rg)(OH) or C(R7)(Rg)(O-Ci-salkyl)
provided that when X-Y-Z is S-CR4=CR4, then R4 and R4 are other than CFs-

[0071] A preferred class of compounds (In formula 7) consists of those compounds of Formula
6wherein R1 is sulfamyl or substituted sulfamyl, wherein R2 is selected from from hydroxyl,
alkyl, carboxyalkyl, aminocarbonylalkyl, alkoxycarbonylalkyl, carboxyl. alkoxy, haloalkoxy,
aralkoxy, heteroaralkoxy, cycloalkylalkoxy, alkylthio, heteroaralkylthio, cycloalkylalkylthio,
alkoxyalkyl, aralkoxyalkyl, alkylthioalkyl, aralkylthioalkyl, alkylaminoalkyl, aryloxyalkyl,
arylthioalkyl, = hydroxyalkyl,  haloalkyl,  cycloalkyl, cycloalkylalkyl,  heterocyclo,
heterocycloalkyl, aralkyl, halo, alkylamino, aralkylamino, N-alkyl-N- aralkylamino,
heteroaralkylamino, N-alkyl-N- heteroaralkylamino, alkyl-N-cycloalkylalkylamino,
arylcarbonyloxy alkyl, arylcarbonylthio, alkoxycarbonyloxyalkyl, alkylaminocarbonyloxyalkyl,
alkoxycarbonylthioalkyl, and alkylaminocarbonylthioalkyl.

wherein R3 is from any aromatic moiety, such as phenyl, pyridyl, thienyl, oxazolyl, isoxazolyl,
benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s) or with one or more
amine(s) that can be conjugated with glucuronic acid or sulphonic acid, or a pharmaceutically-

acceptable salt thereof.

Ry (7)
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[0072] The fourth class of compounds are defined by Formula 8 or any pharmaceutically

X
®)
R Rs

wherein R is selected from methyl, ethyl, or any other alkyl

acceptable salts thereof.

wherein Rz is selected from halo, hydrogen, methoxyl, methyl, ethyl, trifluoromethyl when R3 is
hydroxyl (exclude position-4).

Wherein X is selected from N, O, C.

[0073] The fifth class of compounds are defined by Formula 9 or any pharmaceutically

acceptable salts thereof.

Zs >ﬂR3 9

Wherein R is selected from sulfamyl, substituted sulfamyl, halo, alkyl, alkoxy, hydroxyl, and
haloalkyl.

wherein R3 is selected from hydrido, halo, haloalkyl, cyano, nitro, formyl, carboxyl,
alkoxycarbonyl, carboxyalkyl, alkoxycarbonylalkyl, amidino, cyanoamidino, arnido, alkoxy,
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amidoalkyl, N-monoalkylamido, N-monoarylamido, N,N-dialkyla- mido, N-alkyl-N-arylamido,
alkylcarbonyl, alkylcarbo- nylalkyl, hydroxyalkyl, alkylthio, alkylsulfinyl, alkyl- sulfonyl, N-
alkylsulfamyl, N-arylsulfamyl, arylsulfonyl, N,N-dialkylsulfamyl, N-alkyl-N-arylsulfamyl, and
heterocyclic

wherein R3 is selected from any aromatic moiety, such as phenyl, pyridyl, thienyl, oxazolyl,
isoxazolyl, benzoxazolyl, thiazolyl, quinolinol, pyridinol, with one or more hydroxyl(s) or with
one or more amine(s) that can be conjugated with glucuronic acid or sulphonic acid.

Wherein X, Y, Z is selected from N and C.

[0074] By integrating all of the results disclosed herein with respect to the activities,
absorption, metabolism, excretion and systemic bioavailability of 6al in rats, only less than 1%
of 6al absorbed in the colon escaped the first-pass metabolism in the liver. Thus, when 6al or
other locally bioavailable COX-2 inhibitors are developed as novel agents to treat colonic
inflammatory diseases or prevent CRC in patients, a much higher safety index for the

cardiovascular system can be expected than that of celecoxib.

EXAMPLES

Experiment 1: Design and synthesis of lead compounds for locally active and systemically

unavailable or minimally available COX-2 inhibitors for colonic diseases.

[0075] In an embodiment, new compounds (Fig. 1), are built with phenolic hydroxyl groups
that are highly susceptible to glucuronidation and or sulfonation in their structures, which is quite
different from celecoxib and the other current COX-2 inhibitors. As potent COX-2 inhibitors,
these compounds inhibit colonic COX-2 activity and are locally active when a high enough
concentration is achieved in the colonic lumen and colon tissue after administration of drugs
formulated to release the drugs in the colon (Fig. 2A). The purposefully designed phenolic
groups can be efficiently conjugated by the human phase II metabolic enzymes, i.e., they are
inactivated by the first-pass metabolism, mainly UGTs and SULTSs [11, 12]. Because UGTs and
SULTSs are abundantly expressed in the human liver but not highly expressed in the colon, the
COX-2 inhibitors with phenolic groups in the structure can be extensively metabolized in the
liver (i.e., high first-pass metabolism) before they can enter the systemic circulation (Fig. 2A).
Thus, the locally bioavailable COX-2 inhibitors and their metabolites, mainly glucuronides and

sulfates, are prevented from entering the systemic circulation, and thus do not cause
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cardiovascular toxicity (Fig. 2B). The phase II metabolism is employed for this purpose because
the metabolic rates of phenolic compounds by UGTs and SULTSs can occur much more rapidly
than those in phase I metabolism by cytochrome P450 (CYP450s). More importantly, these
metabolites can reproduce active COX-2 inhibitors in the colon via enterohepatic recycling or
recirculation. Enterohepatic recycling is a process where microbial hydrolysis of a drug’s
glucuronides and sulfates excreted through the bile, will reproduce the active compounds that
can be present in and absorbed from the colon. Hence, utilizing enterohepatic recycling will
increase the drug concentrations and residence times in the colon without increasing systemic
drug concentrations. The enterohepatic recirculation of the locally bioavailable COX-2 inhibitors

will prolong the duration of their efficacies in the colon (Fig. 2A and Fig. 2B).

Example 2: ICso values of the newly synthesized COX-2 inhibitors

[0076] The inhibitory activity on COX-2 is successfully retained after metabolically labile
motifs are built into the active COX-2 inhibitors. First, the inhibitory effects of the new
synthesized compounds on COX-2 were assayed in two cell lines: Raw264.7 cells and HCA-7
cells. Raw264.7 is a mouse macrophage cell line which expresses a high level of COX-2 protein
upon lipopolysaccharide (LPS) induction. The cells were co-incubated for 14 hours with
0.1pg/mL LPS and different concentrations of the new compounds. The concentration of
prostaglandins (both PGD2 and PGE2) accumulated in the cell culture medium can be employed
as an indicator of COX-2 activity. HCA-7 is a human colon cancer cell line in which COX-2
protein is constitutively expressed. Briefly, the cells were pre-incubated with different
concentrations of the new compounds for 30 min, and then 10uM A23187 (a calcium ionophore)
was added to release membrane-bound arachidonic acid (the natural substrate of COX-2) to the
cytosolic domain. The system was incubated for another 30 minutes and PGE2 concentrations in
the culture medium were determined. In both cell lines, higher PGD2/PGE?2 concentrations in

the media meant more COX-2 activity.

[0077] The ICS50 values of the newly synthesized compounds on COX-2 activity in the two cell
lines are shown in Table 1. Although not as potent as celecoxib (the positive control), the new
compounds still can inhibit COX-2 efficiently at concentrations that are locally achievable in the

colon (<1 uM). IC50s for 6al-4 on COX-2 were observed to be comparable to each other in
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HCA-7 cells. However, in Raw264.7 cells 6al and 6a2 were far less potent than the other two.
The divergence appears to be due to the differences between the cell lines and the different

experimental protocols used.

Table 1: ICsps of celecoxib and new compounds on COX-2 activity in Raw264.7 cells and

HCA-7 cells

Compunt W Lgp o T COXT
6al 4351  4.64* 1.387+£0.384 0.195+0.030
6a2 4351  4.64* 4.618+1.342 0.134+0.018
6a3 4351  4.64* 0.019+0.002 0.064+0.005
6a4 579.6  4.90¢ 0.303+0.055 0.162+0.065
6b2 4215  4.15* 4.311+0.629 ND
6b3 4215  4.15° 0.033+0.004 ND
6¢c2 4511 4.02* 2.379+0.502 ND
6¢3 4511 4.02* 0.019+0.002 ND
3a 385.1  3.58¢ 0.071+£0.021 0.149+0.026
Celecoxib 3814  4.01° 0.003+0.001 0.003+0.001

M.W., Molecular Weight.
ND, Not Determined.

4 predicted with ChemDraw Software.

b from http://www.drugbank.ca/drugs/DB00482

[0078] Next, the inhibitory effects of these phenolics against COX-2 and COX-1 were
confirmed in an in vitro enzyme assay using recombinant human COX-2/1 (Fig. 3A). For
example, 1uM of 6al-3 was found to inhibit COX-2 activity substantially (much more than
50%), while 0.1uM of each was able to reduce PGE2 production by approximately 50%.
Additionally, in this assay, the phase II metabolites of 6al (glucuronides and sulfates) produced
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by rat liver microsomes or S9 fractions were found to be inactive in inhibiting human
recombinant COX-2 at a concentration as high as 10uM (Fig. 3B). The results are listed in Table
2. The IC50 values and the ratios of COX-1 vs. COX-2, which indicate the gastrointestinal tract
safety of 6¢1, 7al, and 7a3 are compatible to those of celecoxib, whose IC50 values against
COX-1 and COX-2 were also listed in the table. However, the newly synthesized compounds
are heavily metabolized in the human and rat liver microsomes (see below) and therefore are

likely to be much safer to the cardiovascular system than celecoxib.

Table 2. ICso values against recombinant human COX2/1 (uM)

Compounds COX-2 COX-1 Ratio of COX-2/COX-1
6al 0.1178 5.129 43.54
6a2 0.2012 27.23 135.34
6a3 1.077 38.25 35.52
6ad 2.592 15.95 6.15
6bl 54.52 196.8 3.61
6b2 0.2073 144.8 698.50
6b3 2.253 0.02805 0.01
6cl 0.04031 19.82 491.69
6¢c2 0.3529 1.104 3.13
6¢3 0.6229 12.56 20.16
7al 0.001108 4.904 4425.99
7a3 0.04031 19.8 491.19

Celecoxib 0.014 13.2 942.86

Example 3: Metabolism of the locally bioavailable COX-2 inhibitors by Raw264.7 cells

[0079] To investigate why 6al and 6a2 were less potent than 6a3 in inhibiting COX-2 in
Raw264.7 cells, Raw264.7 cells were co-incubated for 14 hours with 0.1pug/mL LPS and each of
6al, 6a2, and 6a3 at 1uM. The results indicated that at the end of the 14 hours incubation period,
6al and 6a2 were recovered exclusively as their glucuronides, while the majority of 6a3 stayed
as aglycone (Fig. 4A, upper panel). Meanwhile, PGD2 production by the cells incubated with
IuM 6al or 6a2 was only slightly reduced, while 1uM 6a3 thoroughly inhibited PGD2
production (Fig. 4A, lower). Glucuronidation of 6al in Raw264.7 cells was not influenced by
LPS (Fig. 4B). After glucuronidase was introduced into the cell culture system, 6al in the culture

medium was recovered as aglycone and the inhibitory effects of 6al on PGD2 production was
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largely restored (24.3% of control with glucuronidase versus 67.5% of control without
glucuronidase) (Fig. 4C). The results of these experiments initially indicate that when
characterizing inhibitory effects of the phenolics on COX-2, the importance of metabolic
stability should be brought into consideration. This could be why phenolics were not considered
to be active against COX-2 in many published reports using cellular COX-2 assays. Hence,
when phenolic compounds are employed as COX-2 inhibitors in the colon, an organ with

metabolic enzyme expression, multiple factors must be considered to arrive at the best design.
Example 4: Metabolism of the phenolics characterized by in vitro tools

[0080] In vitro tools were employed to help predict the in vivo metabolism rates of the COX-2
inhibitors that are phenolics. The microsomes and S9 fractions prepared from colon or liver were
used to determine the in vivo glucuronidation and sulfation rates of the phenolic compounds,
respectively. By employing microsomes and S9 fractions prepared from both rats and humans, it
could be determined if the results obtained in the rat model could be reasonably extrapolated to
humans. In these experiments, raloxifene and genistein, two phenolic compounds which undergo

extensive first-pass metabolism, were selected as controls [13, 14].

[0081] For these phenolics, their metabolism rates were dependent on the R2 species, that is,
the position of hydroxyl group on the aromatic ring. R1 species will not significantly influence
the metabolism rates of these phenolic compounds. In experimentation, the glucuronidation rates
of the phenolics with the same R2 (6a2, 6b2 and 6c2, or 6a3, 6b3 and 6¢3) by rat liver
microsomes were similar to each other (Fig. 5A). For both glucuronidation and sulfation,
microsomes or S9 fractions prepared from rat liver were usually more efficient in conjugating the
phenolics than those prepared from rat colon (Fig. 5B and Fig. 5C). Glucuronidation rates of
6al-6a4 by human liver and intestinal microsomes are shown in Fig. 5D. For glucuronidation,
microsomes prepared from human liver were usually more efficient in conjugating the phenolics
than those prepared from human intestines. In general, among the phenolics, 6al and 6a2 were
usually metabolized more rapidly than the other two compounds in rats, and liver conjugating

activities were higher than the colonic activities.

[0082] Additional in vitro metabolism rates of newly synthesized COX-2 selective inhibitors

by rat and human liver, intestine, or colon microsomes and S9 fractions are listed in Tables 3 and
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4. These results suggest that these compounds are likely to be metabolized similarly in humans

and rats, and therefore, they are likely to be only active in colon epithelium and not systemically.
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Example 5: Metabolism and transport of 6al across the Caco-2 cell monolayers

[0084] The Caco-2 cell monolayer is a well-established FDA-recognized model to study the
absorption, transport, and metabolism of drugs in the human gastrointestinal tract. This allows
for prediction of the disposition of the new compounds in colonic epithelium that is also

undergoing carcinogenesis, because Caco-2 is a human colorectal cancer cell line.

[0085] After 10uM 6al was applied to the apical or basolateral side of the Caco-2 monolayer
model, the concentrations of 6al and its main phase II metabolites, glucuronide and sulfate, were
monitored at both sides (Fig. 6A-D). The concentration of aglycone was also monitored at both
sides. The results showed that 6al permeated the Caco-2 cell membrane easily and was rapidly
conjugated by UGTs and SULTSs inside the cells. The dominant metabolites were found to be
sulfates. The majority of sulfates were effluxed to the apical side, while less was transported to
the basolateral side. The amount of glucuronide generated by Caco-2 cells was much less than

that of sulfates. The glucuronide was also transported to both sides.

[0086] The rapid phase II metabolism and active apical efflux of the metabolites in the
intestinal epithelium have been observed in the intestinal disposition of a number of phenolic
phytochemicals, especially flavonoids. The metabolites effluxed to the intestinal lumen can be
hydrolyzed by colonic bacteria, and the resulting aglycones are available for absorption again
(Fig. 2A). This process named ‘“enteric recycling” can slow down the decrease of drug
concentrations in the intestinal lumen, and make more unconjugated drug molecules available

inside the colonic epithelial cells.
Example 6: Pharmacokinetics of celecoxib, 6al and 6a3 in rats

[0087] The aim of designing locally bioavailable COX-2 inhibitors is to diminish the risk of
cardiovascular events by lowering their exposure to the cardiovascular system. Thus, after in
vitro characterization of their metabolism, the pharmacokinetics of 6al and 6a3 were
investigated in Sprague-Dawley (SD) rats after oral administration and the results were
compared with that of celecoxib. The drugs were dispersed in ORA-PLUS® suspension vehicle
(from Paddock Laboratories, Minneapolis, MN) and administrated to SD rats by oral gavage.

The blood samples were collected from the tail tips at different time points.
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[0088] After an oral dose of 20mg/kg celecoxib in SD rats, the drug was rapidly absorbed and
the blood concentration exceeded 1uM in 30 minutes. The peak blood concentration, reached 8
hours after oral administration, was as high as 15.40 + 4.01uM, which was 5000 fold of its IC50
value against COX-2 (Fig. 7A). In healthy human adults, the peak concentration of celecoxib in
the plasma was higher than 2uM after a single oral dose of 200mg celecoxib [15]. The high
blood concentration and low IC50 value ensured the therapeutic effects of celecoxib in patients

with arthritis, but also result in the increased risk of cardiovascular events.

[0089] After an oral dose of 20mg/kg 6al in SD rats, however, only trace concentrations of 6al
and its metabolites could be detected in the blood during the pharmacokinetics studies (Fig. 7B).
In the 24 hours after the administration, the blood concentrations of 6al and its metabolites never
exceeded 0.02uM, indicating that only a marginal amount of 6al entered the systemic circulation
of rats. The extensive first-pass metabolism could be responsible for the low oral bioavailability
of 6al, although a limited absorption of 6al in the intestinal tract can also be the reason. The
pharmacokinetic study of 6a3 was conducted and compared to the result with that of 6al. 6a3
shares the same molecular weight and very similar structure and physicochemical properties with
6al (Table 1), but in the in vitro characterizations 6a3 has been demonstrated as a relatively poor
substrate of phase II metabolism enzymes from humans and rats (Fig. 5A-5D). After an oral dose
of 20mg/kg 6a3 in SD rats, the peak blood concentration of 6a3 was 1.69uM, and the blood
levels of the two phase II metabolites of 6a3 were much lower than that of the parent (Fig. 7C).
With the similar structures and LogP values, 6a3 possesses a much better oral bioavailability
than 6al, implying that the different first-pass metabolism rates accounted for the difference in
pharmacokinetic properties between the two. Later in this disclosure, in the perfused rat colon

model, the first-pass metabolism and excretion of 6al in rat liver are disclosed with more details.

[0090] The locally bioavailable COX-2 inhibitors are designed mainly for the treatment and
chemoprevention of colonic diseases. Thus, in certain applications, the locally bioavailable
COX-2 inhibitors could be delivered to the colon of animals or patients, avoiding the dissolution
and absorption in the upper gastrointestinal tract and small intestine. Therefore, 20mg/kg 6al
was administered in suspension vehicle to the proximal colon of SD rats via a catheter reaching
approximately 8 cm deep into the anus. Compared with the results after the oral administration,

6al was detected in the blood with higher concentrations after the intracolonic administration,
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but meanwhile its phase II metabolites were much lower than the parent (Fig. 7D). The 6al
blood concentrations can be explained as that some 6al was absorbed from the rectum after the
intracolonic administration and entered the systemic circulation via the middle and lower rectal
veins, which helped 6al escape the first-pass metabolism in liver. For the same reason, lower
levels of phase II metabolites were detected in the blood. In general, all the pharmacokinetic
studies illustrated that the first-pass metabolism can efficiently diminish or even eliminate the
systemic bioavailability of certain compounds. Thus, other delivery routes other than rectal

suppositories can provide better results for the designed compounds.
Example 7: Efficacy of the locally bioavailable COX-2 inhibitors in TNBS-treated rat colon

[0091] The locally bioavailable COX-2 inhibitors were assessed for their inhibitory effects on
COX-2 in rat colon. COX-2 is not expressed in healthy rat colon so a 2, 4, 6-
trinitrobenzenesulfonic acid (TNBS)-induced acute colitis model was established. The
experimental colitis in rat colon induced by TNBS is commonly used in inflammatory bowel
disease (IBD) research and shares many histopathological and clinical features with human IBD.
For example, the overexpression of inflammatory enzymes such as COX-2, 5-lipoxygenase (5-
LOX) and inducible nitric oxide synthase (iNOs) are observed. Meanwhile, nitric oxide (NO),
leukotrienes, prostaglandins and pro-inflammatory cytokines are released in the inflamed colon
[16]. A substantial and stable expression of COX-2 protein could be detected in the inflamed rat
colon between 12 to 24 hours after TNBS treatment [17]. Briefly, 30mg TNBS in 200uL 50%
ethanol was administrated to the colon of SD rats via a catheter reaching approximately 8 cm
proximal to the anus. 12 hours later, the rats were anesthetized and the segments of proximal
colon were cannulated and flashed with saline to clean the fecal matter remaining. The
cannulation tubes were connected to a perfusion pump and kept in a 37°C water bath. (Fig. 8A).
After perfusion with 0.5mL/min blank Hank's Balanced Salt Solution (HBSS) in the initial hour
to remove residual prostaglandins, the colon was perfused with HBSS containing vector
(DMSO) or different concentrations of drugs for another 3 hours at the same flow rate. The
perfusate was collected from the anus every 20 minutes (approximately 10mL per tube),
2.5ng/mL PGE»-d4 was added as the internal standard and concentrated by solid-phase extraction

(SPE) before quantitative analysis.
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[0092] In UPLC-MS/MS analysis of the concentrated perfusate from TNBS-treated colon, four
prostaglandins can be detected as the major product from COX-2 pathway. (Fig. 8B) Among the
four prostaglandins, PGE2 was selected as the indicator of COX-2 activity because it was the
most abundant signal in this model. In the control group perfused with HBSS containing DMSO,
the concentrations of PGE?2 in the perfusate were decreasing during the perfusion period and its
attenuation upon time could be appropriately described as a first-order process. The rate
constants and half-lives of PGE2 concentration attenuation were obtained by fitting an
exponential equation to the results (Fig. 9A and Fig. 9B). In the control group, the average half-
life of PGE2 attenuation was 156+49min, while in the groups perfused with 0.1, 1 and 10uM
celecoxib the half-life was 127+36, 70£19, and 37+4min, respectively. 1 and 10uM celecoxib
significantly decreased the half-life of PGE2 concentration attenuation, showing the inhibitory
effect of celecoxib on colonic COX-2 activity (Fig. 9C). 0.1uM celecoxib was not effective,
illustrating that the inhibitory effect was dependent on the celecoxib concentration used for the

experiment.

[0093] In the groups perfused with the locally bioavailable COX-2 inhibitors, perfusion with
10uM 6al, 6a2 or 6a3 respectively did not significantly alter the half-lives of PGE2 concentration
attenuation. When 6al, 6a2, 6b2 and 6¢2 were combined in the perfusate (Fig. 9C, mixture 1,
10uM for each), there was mild but not statistically significant inhibitory effects on PGE:
production (P=0.17 with the control group). However, when a more comprehensive mixture of
6al, 6a2, 6a3, 6b2, 6b3, 6¢2 and 6¢3 was assessed for its efficacy (Fig. 9C, mixture 2, 10uM for
each), the inhibitory effect was found to be similar to that of 1uM celecoxib. Considering that the
locally bioavailable COX-2 inhibitors were approximately 50 fold less potent than celecoxib
(Table 1), their concentrations in the perfusate were related to their efficacy to inhibit colonic
COX-2 in the TNBS-treated rat colon model. However, due to the hydrophobic properties of the
locally bioavailable COX-2 inhibitors, a concentration higher than 10uM in HBSS could hardly
be achieved by simply increasing the amount of solute in the solution. Thus, B-cyclodextrin (-
CD), an excipient which was often used in pharmaceutical development was employed to
increase the apparent solubility of the locally bioavailable COX-2 inhibitors in HBSS [18, 19].
After sonication and subsequent centrifuge to remove undissolved substances, the solubility of
6al in HBSS was increased to as high as 70uM in the presence of 4mM B-CD. The osmotic

pressure of the solution was determined as 290mOsm/kg and physiologically appropriate for in
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situ perfusion studies in rat colon. Perfusion with B-CD-formulated 70uM 6al in the inflamed rat
colon successfully and significantly decreased the half-life of PGE: attenuation to 66 min, which
was comparable to that of 1uM celecoxib, while the perfusion with 4mM B-CD alone did not
have any effects on PGE: production in the inflamed rat colon (Fig. 9C). The efficacy
differences between celecoxib and 6al shown in the inflamed rat colon model can be correlated

with their ICsos on COX-2 activity determined in the in vitro models (Table 1).

Example 8: The metabolism and excretion of 6al in rats during TNBS treated colon perfusion

[0094] The perfusion of celecoxib and locally bioavailable COX-2 inhibitors in the TNBS-
treated rat colon also helped investigate their absorption, metabolism and excretion properties.
For this purpose, blood samples were collected from each rat every hour during the perfusion

period, and the bile samples were also collected by cannulating the bile duct.

[0095] The lead compound 6al was designed and validated as an excellent substrate in phase II
drug metabolism pathways in vitro, especially glucuronidation by the liver (Fig. SA-5D). The
analysis of bile and peripheral blood samples would demonstrate that it is possible to take
advantage of the extensive first-pass metabolism of 6al in the liver to largely minimize the drug
concentrations in the systemic circulation in vivo. By comparing the 6al concentrations in the
input and output perfusate containing B-CD-formulated 6al, the amounts of 6al absorbed from
the colon were calculated for each hour during the perfusion period (Fig. 10B). Approximately
13% of the total 6al perfused was absorbed in the colon, illustrating that B-CD-formulated 6al
could rapidly penetrate the colonic epithelium. Meanwhile, only negligible amounts of 6al
glucuronide and sulfate were excreted to the perfusate, which were both lower than 0.5% of the
absorbed amount of 6al. The rat colonic epithelium showed a limited ability in conjugating 6al,
demonstrated when studying the possible metabolism of other phenolic compounds such as

genistein and apigenin in rat colon [20].

[0096] Unlike the rat colon, the rat liver was found to be extremely powerful in metabolizing
6al, and the predominant pathway was glucuronidation. UPLC-UV analysis of the extracted bile
samples collected during 6al perfusion showed that 6al-glucuronide could reach more than
200uM (Fig. 10A). The amounts of 6al metabolized in liver and excreted to bile in each hour

were shown in Fig. 10B. From the beginning to the end of the perfusion period, approximately
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75% (on average) of the absorbed 6al could be recovered from bile as glucuronides. In the 3rd
and 4th hours of perfusion when the absorption of 6al in colon and the excretion of 6al-
glucuronides in bile reached the steady state, almost 100% of 6al absorbed was subject to biliary

excretion in the liver (Fig. 10B).

[0097] The major metabolism pathways for the elimination of celecoxib in rats and humans are
oxidation by hepatic phase I metabolism enzymes CYP450s [21]. The modest metabolism rate of
celecoxib in the liver guarantees that its blood concentration can be above the therapeutic
window for a reasonable term in the treatment of arthritis, but also results in the exposure of the
cardiovascular system to high concentrations of celecoxib, leading to increased risk of
cardiovascular events [22]. The analysis of the blood samples withdrawn from rat tail showed
that celecoxib were accumulated in the systemic circulation during the perfusion of rat colon
with 0.1, 1, and 10uM celecoxib in HBSS (Fig. 11A). The blood concentrations of celecoxib
were higher than 1uM when the rat colon was perfused with 10uM celecoxib. Considering that
the ICso of celecoxib on COX-2 activity was as low as 0.003uM (Table 1), the blood
concentration (0.15uM) was approximately 50 fold of the ICso value when the rat colon was
perfused with 1uM celecoxib which was the lowest concentration required to inhibit colonic
COX-2 (Fig. 11A). Thus, a high risk of cardiovascular events can be expected when celecoxib is
used as a routine agent in the treatment of colonic inflammatory diseases or CRC

chemoprevention.

[0098] The blood concentration of 6al in rat when the TNBS treated colon was perfused with
10uM or 70uM (B-CD-formulated) 6al. With or without B-CD formulation in the perfusate, the
6al blood concentration achieved a plateau soon after the perfusion began, indicating an efficient
first-pass elimination which prevented 6al from entering the systemic circulation (Fig. 11B). B-
CD enhanced the solubility of 6al in HBSS, which also increased the blood concentration of
6al. However, it should be noticed that the 6al blood concentration (0.08uM) was still much
lower than its ICso on COX-2 activity when the colonic COX-2 was inhibited by 70uM 6al in
the perfusate. In addition, no glucuronide and sulfate of 6al were detected in the peripheral
blood samples, indicating an exclusive excretion of the phase II conjugates to bile in the liver.
More importantly, the phase II conjugates excreted in bile can be hydrolyzed by and then

reabsorbed in the colon, completing the enterohepatic circulation. In humans and animals, the
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enteric circulation of 6al is also possible after the phase II conjugates are excreted to the lumen
from the colonic epithelium and then hydrolyzed by bacteria hydrolases (e.g., glucuronidases and
sulfatase) (Fig. 6). Either the enterohepatic or enteric circulation can help maintain local drug
concentrations and prolong their residence time in the colon, which are quite beneficial in the

treatment of various colonic diseases.

[0099] In an embodiment, compounds can be built with phenolic hydroxyl groups that are
highly susceptible to glucuronidation and or sulfonation in their structures. These compounds
inhibit colonic COX-2 activity and are locally active when a high enough concentration is
achieved in the colonic lumen and colon tissue after administration of drugs formulated to
release the drugs in the colon. These compounds with phenolic groups can be inactivated by the
first-pass metabolism. The COX-2 inhibitors with phenolic groups in the structure can be
extensively metabolized in the liver (i.e., high first-pass metabolism) before they can enter the
systemic circulation (Fig. 12). Thus, the locally bioavailable COX-2 inhibitors and their
metabolites, mainly glucuronides and sulfates, are prevented from entering the systemic

circulation, and therefore do not cause cardiovascular toxicity (Fig. 12).

[0100] From the foregoing description, one of ordinary skill in the art can easily ascertain the
essential characteristics of this disclosure, and without departing from the spirit and scope
thereof, can make various changes and modifications to adapt the disclosure to various usages
and conditions. For example, references such as above, below, left, right, and the like are not
meant to be limiting but rather as a guide for orientation of the referenced element to another
element. A person of skill in the art should understand that certain of the above-described
structures, functions, and operations of the above-described embodiments are not necessary to
practice the present disclosure and are included in the description simply for completeness of an
exemplary embodiment or embodiments. In addition, a person of skill in the art should
understand that specific structures, functions, and operations set forth in the referenced patents
and publications can be practiced in conjunction with the present disclosure, but they are not

essential to its practice.

[0101] All of the compositions and methods disclosed and claimed herein can be made and

executed without undue experimentation in light of the present disclosure. While the
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compositions and methods of this disclosure have been described in terms of preferred
embodiments, it will be apparent to those skilled in the art that variations can be applied to the
compositions and methods and in the steps or in the sequence of steps of the methods described
herein without departing from the concept, spirit and scope of the disclosure. More specifically,
it will be apparent that certain agents which are chemically related can be substituted for the
agents described herein while the same or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled in the art are deemed to be within the

spirit, scope and concept of the disclosure as defined by the appended claims.
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CLAIMS

1. A composition comprising a therapeutic compound designed with a designated structural
motif; wherein the designated structural motif allows therapeutic effects at the targeted organ;
wherein the designated structural motif causes increased metabolism of the therapeutic
compound; and wherein the toxic effects of the therapeutic compound are decreased or virtually

eliminated outside of the target organ.
2. The composition of claim 1 wherein the therapeutic compound is a COX-2 inhibitor.

3. The composition of claim 1 wherein the therapeutic compound is selected from the group
consisting of a glucose transporter (SGLT2) inhibitors, Niemann-Pick Cl-like 1 protein
inhibitors, TNFa inhibitors, FXR agonists, anti-inflammatory cytokines, and steroidal anti-

inflammatory drugs.

4. The composition of claim 1 wherein the structural motif is a phenolic, an amine, an

aliphatic alcohol, a carboxylic acid, or a sulthydryl.

5. The composition of claim 1 wherein the target organ is intestine.
6. The composition of claim 1 wherein the toxic effects affect a patient’s heart.
7. The composition of claim 1 wherein the therapeutic compound is selected from the group

consisting of 6al, 6¢1, and 7al.

8. The composition of claim 1 wherein the therapeutic compound is metabolized by an
enzyme selected from the group consisting of UDP-glucuronosyltransferases (UGTs),
sulfotransferases (SULTSs), esterases, glutathione transferases (GT), cytochrome P450 enzymes,

and hydrolases.

9. The composition of claim 1 wherein at least one of the therapeutic compounds and
metabolites of the therapeutic compounds are substrates of hepatic uptake transporters selected
from the group consisting of organic anion transporting polypeptides (OATPs), organic anion

transporters (OATs), and other uptake transporters capable of the same function.
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10. The composition of claim 1 wherein at least one of the therapeutic compounds and
metabolites of the therapeutic compounds are substrates of hepatic efflux transporters selected
from the group consisting of multidrug-resistance related protein 2 (MRP2), breast cancer
resistance protein (BCRP), bile salt efflux protein (BSEP), and other efflux transporter capable

of the same function.

11. A method of drug design comprising modifying a therapeutic compound with a structural
motif; and increasing metabolism of the therapeutic compound; wherein the concentration
outside of the therapeutic target organ is decreased in comparison to the therapeutic compound

without the added structural motif.

12. The method of claim 11 wherein the therapeutic compound is a COX-2 inhibitor.

13. The method of claim 11 wherein the therapeutic compound is selected from the group
consisting of a glucose transporter (SGLT2) inhibitors, Niemann-Pick Cl-like 1 protein
inhibitors, TNFa inhibitors, FXR agonists, anti-inflammatory cytokines, and steroidal anti-

inflammatory drugs.

14. The method of claim 11 wherein the structural motif is a phenolic, an amine, an aliphatic

alcohol, a carboxylic acid, or a sulfhydryl.

15. The method of claim 11 wherein the target organ is intestine.

16. The method of claim 11 wherein toxic effects of the therapeutic compound are decreased

outside of a target organ.

17. The method of claim 11 wherein the therapeutic compound is selected from the group

consisting of 6al, 6¢1, and 7al.

18. The method of claim 11 wherein the therapeutic compound is metabolized by an enzyme
selected from the group consisting of UDP-glucuronosyltransferases (UGTs), sulfotransferases

(SULTS) esterases, glutathione transferases (GT), cytochrome P450 enzymes, and hydrolases.

19. The method of claim 11 wherein at least one of the therapeutic compounds and

metabolites of the therapeutic compounds are substrates of hepatic uptake transporters selected
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from the group consisting of organic anion transporting polypeptides (OATPs), organic anion

transporters (OATs), and other uptake transporters capable of the same function.

20. The method of claim 11 wherein at least one of the therapeutic compounds and
metabolites of the therapeutic compounds are substrates of hepatic efflux transporters selected
from the group consisting of multidrug-resistance related protein 2 (MRP2), breast cancer
resistance protein (BCRP), bile salt efflux protein (BSEP), and other efflux transporter capable

of the same function.
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<Regarding the subject of search>

Claim 1 and 11 comprehensively describes a therapeutics compound
defined by designated structural motifs and level of the toxiceffects.

However, what is supported by the description within the meaning
of PCT Article 6 and disclosed within the meaning of PCT Article 5
is only compound 6 and 7 described in Fig.l

Thus, a search was carried out focused on said compound 6 and 7.
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