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Abstract

Objective: The pharmacokinetic properties of three newly synthesized retinoid X receptor (RXR) agonists were
evaluated in rats to elucidate the structural factor influencing their pharmacokinetic properties. Material and
methods: Three RXR agonists possessing a common 6-[N-ethyl-N-(3-alkoxy-4-isopropylphenyl)amino]nicotinic acid
skeleton and side chain structures that are slightly different from each other were prepared as we previously reported
(Takamatsu et al.,, ChemMedChem, 2008; 3:780-787). The plasma concentration profiles of these compounds were
evaluated following the intravenous and intra-intestinal administrations. Their hepatic metabolism was characterized
using rat liver microsomes. Results: Based on the plasma concentration profile, NEt-3IP (3-isopropoxy) was shown
to have a distribution volume of 4.53 L/kg, and to be cleared from the body with an elimination half-time of 0.95 h.
The bioavailability of NEt-3IP is 16.4%, whereas those of the isobutoxy analog NEt-3IB and the cyclopropylmethoxy
analog NEt-3cPM are 46.5% and 22.6%, respectively. Subsequently, in the experiments using rat liver microsomes,
the K and V__ values of NEt-3IP were determined as 7.85 uM and 0.48 nmol/min/mg protein, respectively. This K _
value is nearly the same as those of NEt-3IB and NEt-3cPM, but the V__ value is noticeably smaller. Additionally, it
was revealed that the CYP family mainly metabolizing NEt-3IP is different from those metabolizing the other analogs.
Conclusion: Based on these findings, the pharmacokinetic properties of the compounds possessing this type of the
skeleton seem to be largely influenced by a slight modification of the side chain structure.

Keywords: Drug design, structure—property relationship, retinoid X receptor, pharmacokinetics, hepatic
metabolism, elimination, disposition, bioavailability

Introduction the PPAR/RXR heterodimer is involved in the expression
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Retinoid X receptor (RXR) is a member of the human
nuclear receptors, and it functions as an essential part-
ner for other nuclear receptors, such as the retinoic acid
receptor (RAR) and the peroxisome proliferator-activated
receptor (PPAR)'-. These receptors are known to form a
heterodimer with RXR in a ligand-dependent manner,
which then bind to the 5-upstream regulatory region
of the target gene, resulting in the alteration of the tran-
scription process and protein expression'-®. For example,
it has been reported that the RAR/RXR heterodimer
regulates the expression of a protein called p21, modu-
lating cellular differentiation and proliferation?, whereas

of a transporter protein that controls glucose transport
into adipose tissues®®. It is therefore probable that the
compounds acting as an agonist to RXR influence vari-
ous biological functions, and some of them may have a
clinically favorable effect on cancer and/or metabolic
disorders™. In fact, among such compounds, bexaro-
tene (Figure 1A) has been demonstrated to be effective
for cutaneous T-cell lymphoma, and it is commercially
available in the United States as an approved medicine
for lymphoma treatment'"2.

Although bexarotene is clinically valuable, it is
known to frequently induce non-negligible adverse
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Figure 1. Molecular structures of various retinoid X receptor
(RXR) agonists. Keys for the compounds and their molecular
weights: (A) bexarotene, 348.48, (B) NEt-3IP, 342.43, (C) NEt-31B,
356.46, and (D) NEt-3cPM, 354.44.

reactions, including hypertriglyceridemia and
hypothyroidism'™'. This is probably due to the fact that
bexarotene evenly activates all three RXR subtypes"'>16,
and that RXR subtype v is involved in the regulation of
lipoprotein lipase activity and the serum concentra-
tion of thyroid-stimulating hormone!'*'". Therefore, if
a compound that activates RXR subtypes a and 3, but
not RXR subtype vy, becomes available, it can be used to
treat such diseases without unfavorable drug reactions.
In addition, bexarotene has a 1,1,4,4-tetramethyltetra-
lin structure, being a highly lipophilic compound with a
ClogP value, or the calculated logarithm of the octanol/
water partition coefficient, of 8.23'%. Considering these
in conjunction with the empirical estimation that a
compound not exhibiting such a marked lipophilicity
becomes a favorable candidate in drug development®,
it has been planned to produce less lipophilic com-
pounds acting as RXR agonists in a subtype-specific
manner, and, in fact, as previously reported, one of our
compounds, 6-[N-ethyl-N-(3-isopropoxy-4-isopropy-
Iphenyl)amino]nicotinic acid (NEt-3IP, Figure 1B), was
shown to have a potent RXR agonistic activity with sub-
type specificity'®'®. This suggests that a further promis-
ing drug candidate can be produced as an analogous
compound possessing a 6-[N-ethyl-N-(3-alkoxy-4-
isopropylphenyl)amino]nicotinic acid skeleton.
Recently, two analogous compounds of NEt-3IP,
6-[N-ethyl-N-(3-isobutoxy-4-isopropylphenyl)amino]
nicotinic acid (NEt-31B, Figure 1C) and 6-[N-ethyl-N-(3-
cyclopropylmethoxy-4-isopropylphenyl)amino]nico-
tinic acid (NEt-3cPM, Figure 1D), became available, and
the former was shown to have a more potent agonistic
activity than NEt-3IP', and their skeletons are the same
although their side chain structures are slightly different
from that of NEt-3IP. Considering their promising effects
as RXR agonists, it seems to be preferable to evaluate their
pharmacokinetic properties in the early stage of drug
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development, since designing the molecular structure
while considering the effect on the compound’s pharma-
cokinetics is important to improve the effectiveness of the
drug development process with a reduced risk of its aban-
donment. This is likely to contribute to cost-effective and
time-saving drug development. Therefore, in this study,
we characterized the pharmacokinetic properties of these
newly synthesized RXR agonists to clarify to what extent
structural modification influences their plasma concen-
tration profiles and hepatic elimination processes.

Material and methods

Materials

NEt-3IP, NEt-31B, and NEt-3cPM were synthesized in
our laboratory as previously reported, with a slight
modification'®', Dimethyl sulfoxide (DMSO) and
B-NADPH were purchased from Wako Pure Chemicals
(Osaka, Japan). Ketoconazole was obtained from Tokyo
Chemical Industry (Tokyo, Japan). Quinidine and sul-
fadimethoxine were purchased from Sigma-Aldrich (St.
Louis, MO). All other chemicals used were of the finest
grade available.

Animals

Male Wistar rats (200-270 g) were purchased from Japan
SLC Inc. (Hamamatsu, Japan). They were housed at
20-25°C and 40-50% humidity with a 12-h light/dark
cycle, and were allowed free access to water and a stan-
dard diet. All animal experiments were approved by the
animal ethics committee of Okayama University and
performed in accordance with the guidelines for animal
experimentation of the institute.

Evaluation of the plasma concentration profiles of the
RXR agonists

After being anesthetized with sodium pentobarbital
(50 mg/kg i.p.), each rat was fixed on its back, and the
femoral and cervical veins were exposed. For the intra-
venous administration study, NEt-3IP was dissolved in
DMSO at a concentration of 500 mM, and 30 pL of the
solution was infused into the femoral vein for 1min.
Following the infusion, 250 pL of blood was drawn
from the cervical vein at 5, 20, 40, 60, 90, 120, 150, and
180 min using a heparinized test tube. Then, 100 pL of
the plasma specimen was collected following centrifu-
gation at 2000 g for 10 min at 4°C for use in analysis. For
the intra-intestinal administration study, each rat was
fasted overnight prior to the experiment. After the rat
was anesthetized and fixed in the same manner as men-
tioned above, a middle incision was gently made in the
abdomen, and the jejunum was exposed. The exposed
tissues and bowel were continually moistened with 0.9%
sodium chloride solution. The upper part of the intes-
tine was then ligated with surgical silk at two sites: one
at the aperture site of the bile duct to close the duct, and
the other at a site 10 cm downstream from the first liga-
tion site. After this surgery, 30 pL of the NEt-3IP DMSO
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solution (500 mM) was introduced into the intestine at
a site 1 cm downstream from the first ligation site, and
blood was drawn in the same manner as described for
the intravenous administration study. The plasma con-
centration profiles of NEt-3IB and NEt-3cPM were also
examined in the same manner as described above.

Evaluation of the hepatic metabolism of RXR agonists
The hepatic metabolism of NEt-3IP was evaluated using
rat liver microsomes. The microsomes were conven-
tionally prepared from five male Wistar rats (210-250g)
employing a differential centrifugation method**. One
milliliter of the incubation mixture was prepared based
on an isotonic potassium phosphate buffer (pH 7.4)
containing 500 pg of the microsomal protein. NEt-3IP
was dissolved with methanol, and it was mixed with the
incubation mixture so as to prepare final concentrations
0f 0.8, 1.6, 2, 10, and 16 pM. The final methanol concen-
tration in the incubation mixture was 1%%. After a 5-min
pre-incubation period, the metabolic reaction was initi-
ated by adding 50 pL of -NADPH solution to the incu-
bation mixture, and the incubation was carried out for
10min at 37°C*. The final 3-NADPH concentration was
set at 1 mM. The metabolic reaction was then terminated
by adding and vigorously mixing with 6 mL of ice-cold
diethyl ether for the HPLC assay. The elimination rate
was calculated based on the difference in the NEt-3IP
amounts in the incubation mixture before and after incu-
bation. In addition, as a reference study, the elimination
rates of nifedipine and propranolol were evaluated in the
same manner as described above. Nifedipine was used at
concentrations of 2.5, 5, 7.5, 10, and 25 pM. Propranolol
was employed at concentrations of 0.06, 0.1, 0.2, and 0.3
pM. Nifedipine and propranolol were arbitrarily selected
as representative compounds whose clinical use is com-
mon and which are known to be hepatically metabolized.
As for the inhibition study, ketoconazole, quinidine, and
sulfadimethoxine were chosen as potent inhibitors of
CYP3A, CYP2D, and CYP2(C, respectively®*-?. They were
dissolved in the incubation mixture at a concentration
at which they could clearly suppress the CYP enzyme
activities (40 pM for ketoconazole, 1 mM for quinidine,
and 1mM for sulfadimethoxine)?-?°. NEt-3IP was used
at a final concentration of 2 uM in the inhibition study.
Incubation was performed in the same manner as
described above. The incubation and inhibition studies
were also performed with NEt-3IB and NEt-3cPM in the
same manner as described for those with NEt-3IP.

Analytical method

The plasma specimen was first deproteinized by add-
ing2mL of 5mM ammonium acetate (pH 4.7) and 6 mL
of diethyl ether. As for the incubation mixture that was
already deproteinized with diethyl ether, its aqueous
layer was acidified by adding ammonium acetate. The
plasma specimen and incubation mixture were then
agitated for 5min, and they were centrifuged at 2000 g
for 10 min at 4°C. Then, 5mL of the organic layer was

transferred to the test tube and evaporated. The resi-
due was reconstituted with 100 pL of methanol, and
25 pL of it was injected into an HPLC equipped with
an octadodecyl silica column (4 pum, 4.6x 150 mm,
Synergi Fusion-RP®; Phenomenex, Torrance, CA).
NEt-3IP, NEt-3IB, and NEt-3cPM were all eluted with
a mobile phase consisting of 80% methanol and 20%
ammonium acetate (5mM, pH 4.7). NEt-3IP, NEt-3IB,
and NEt-3cPM were spectrophotometrically detected
at a wavelength of 278 nm. Their retention times under
this HPLC assay condition were 5.0 min for NEt-3IP,
6.7 min for NEt-3IB, and 5.6 min for NEt-3cPM when
the mobile phase was used at a flow rate of 1 mL/min.
Nifedipine was eluted with a mobile phase consisting
of 58% methanol and 42% sodium phosphate buffer
(10mM, pH 2.5), and it was spectrophotometrically
detected at a wavelength of 254 nm. Propranolol was
eluted with a mobile phase consisting of 43% metha-
nol and 57% sodium phosphate buffer (10 mM, pH
2.5), and it was detected with the spectrofluorometric
method at excitation and emission wavelengths of 296
and 353 nm, respectively.

Data analysis

The plasma concentration profile of the RXR agonist
observed following intravenous administration was firstly
analyzed on the assumption that the profile follows the
two-compartment pharmacokinetic model, where the
equation described below was employed?®":

C (t)=A-e* +B-e™ (1)

piv

where Cp’iv(t) is the plasma concentration of the RXR
agonist measured at time f. The parameters o and 8
denote the rate constants for the distribution and elimi-
nation phases, respectively. These rate constants and
the parameters A and B are determined in this analysis.
The determination was performed with the curve-fitting
calculation using the nonlinear least-squares method.
Then, the concentration profile of the RXR agonist
observed following intra-intestinal administration was
analyzed using the two-compartment model accompa-
nied with the first-order absorption process described
below?":

C,o(t)=A"(e™ —e ™)+ B (e —e ™) 2)

w=t_ 4 (3)
k —o

B’ = ka .B (4)
k,—B

where Cp’po(t) is the plasma concentration of the RXR
agonist measured at time ¢, and the parameter ka
denotes the absorption rate constant. With the deter-
mined values of the parameters o, 3, A, and B, the
absorption rate constant k_is determined with the
curve-fitting calculation.
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After these determinations, the area under the
concentration-time curve (AUC) was calculated as
follows:

AUC, = Tcmv (t)dt (5)

AUC,, = Tcp_po (t)dt (6)

where AUC, and AUC  are the AUC values for the plasma
concentration profiles following the intravenous and
intra-intestinal administrations, respectively. The bio-
availability (F) of the RXR agonist is estimated by divid-
ing AUC | by AUC,, since the dose of the RXR agonist
employed in the intravenous study is the same as used
in the intra-intestinal study. The apparent volume of
distribution at the steady-state (V, ) and the elimination

half-time (T, ) are calculated employing the following

equations:
D
Vd,ss = (7)
B-AUC,,
In2
T,,B= B (8)

where D is the dose of the RXR agonist, and f is the rate
constant mentioned earlier. The natural logarithm of 2 is
denoted as In2.

Regarding data analysis in in vitro experiments,
the rates of RXR agonist metabolism measured with
the hepatic microsomes were analyzed employing the
Eadie-Hofstee equation described below:

Pharmacokinetic properties of novel RXR agonists inrats 1063

where V is the metabolic velocity for the RXR agonist
when it is used at concentration C. The parameters K
and V__ are the apparent Michaelis-Menten constant
and the maximum enzyme velocity for metabolism,
respectively. The intrinsic clearance was evaluated as
V. dividedby K .

The ClogP value was obtained with ChemDraw® Ultra
7.0 (CambridgeSoft, Cambridge, MA)'S. The ClogP values
of NEt-3IP, NEt-3IB, and NEt-3cPM were calculated as
5.61, 6.23, and 5.74, respectively.

Statistical analysis

Data are shown as the mean + SE. The significance of dif-
ferences was evaluated using the Bonferroni #-test, and
P<0.05 was considered significant.

Results

Evaluation of the plasma concentration profiles of RXR
agonists

The plasma concentration profiles of NEt-3IP and its two
analogs were firstly evaluated. As shown in Figure 2, their
plasma concentrations decreased in a two-exponential
manner following intravenous administration. Analysis
of their concentration profiles indicated that their appar-
ent elimination half-times are similar to each other, but
their volumes of distribution are different, in which the
analogous compound NEt-31B exhibits the largest distri-
bution volume out of the three RXR agonists (Table 1).
Then, the plasma concentration profile following the
intra-intestinal administration was examined with the
same dose as employed in the intravenous study being
administered (Figure 2). To evaluate the bioavailability,
the AUC value was calculated and it was compared with
the AUC value calculated in the intravenous study. As
a result, it was revealed that NEt-3IP shows the lowest

V=—K, —+V_. 9) bioavailability, whereas NEt-3IB exhibits the highest bio-
9 availability (Table 1).
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Figure 2. Plasma concentration profiles of the newly synthesized retinoid X receptor (RXR) agonists in rats. The profiles of NEt-3IP, NEt-
3IB, and NEt-3cPM are shown in panels (A), (B), and (C), respectively. In each panel, the profile of the RXR agonist observed following
intravenous injection is indicated with open symbols, and that observed following intra-intestinal administration is shown with closed
ones. The lines are the best-fit lines calculated in the pharmacokinetic analysis. Data are shown as the mean * SE of 3-5 experiments.
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Evaluation of the hepatic metabolism of RXR agonists
The hepatic metabolicrates of NEt-3IP and its two analogs
were examined in the rat liver microsomes. As shown in
Figure 3, the slopes generated in the Eadie-Hofstee plot
were similar to each other, indicating that the K values
of these three compounds are also similar. On the other
hand, based on the y-intercept of the plot, the V__value
of NEt-3IP appeared to be smaller than those for the oth-
ers. The intrinsic clearances of NEt-3IB and NEt-3cPM
were shown to be similar, whereas that of NEt-3IP is one-
third of their values (Table 2). The intrinsic clearances
of the RXR agonists are noticeably smaller than those of
nifedipine and propranolol (Table 2).

Subsequently, an inhibition study was carried out
to identify the CYP family mainly contributing to the
hepatic metabolism of the RXR agonists in rats. As shown
in Figure 4A, the rate of NEt-3IP elimination is markedly
suppressed by ketoconazole, but it is less affected by
quinidine and sulfadimethoxine. In the case of NEt-3IB,
its metabolism is suppressed by ketoconazole and quini-
dine, but it is relatively unaffected by sulfadimethoxine
(Figure 4B). It was also shown that the metabolism of
NEt-3cPM is suppressed by all inhibitors, but their sup-
pressive effects seem to be less potent when considering
their effects on the metabolism of NEt-3IP and NEt-31B
(Figure 4C).

Discussion

As three newly synthesized RXR agonists possessing a
common  6-[N-ethyl-N-(3-alkoxy-4-isopropylphenyl)
amino|nicotinic acid skeleton with a side chain structure
slightly different from each other recently became avail-
able, their pharmacokinetic properties were examined
and compared to evaluate to what extent their structural
modification influences their plasma concentration pro-
files and hepatic elimination processes.

As shown in Figure 2, their plasma concentration
profiles seem to be similar to each other, although the
volume of distribution and extent of bioavailability are
largely different. It was calculated that the distribution
volume is about 4.5L/kg for NEt-3IP (Table 1), being
the smallest among the three values. This indicates that
the distribution property of NEt-3IP is less prominent
compared with the others, but it should be noted that
its distribution volume is much larger than that of blood
vessels, suggesting that these three compounds are
largely commonly distributed in the body*~*. It was also
shown that NEt-3IB has the largest distribution volume
(Table 1). Since, based on the ClogP value, NEt-3IB is
considered the most lipophilic compound out of these
three compounds, the lipophilicity is probably one of
the factors dominating the compound’s distribution
volume®. Regarding distribution, lipophilic compounds
are thought to readily distribute into the central nervous
system®. In addition, such compounds tend to largely
accumulate in adipose tissues, resulting in retardation of
the excretion process®. Although these distribution and

Table 1. Pharmacokinetic parameters of the newly synthesized
retinoid X receptor (RXR) agonists.?

RXR agonists V, . (L/kg) T,,B (h) F(%)

NEt-3IP 4.53+1.20 0.95+0.22 16.4+3.82
NEt-3IB 17.93+2.94° 1.34+0.11 46.5+7.97°
NEt-3cPM 5.22+1.81 1.33+£0.39 22.6+1.02

?Data are shown as the mean + SE of 3-5 experiments.
bP<0.05: significantly different from the value of NEt-3IP.
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Figure 3. Characterization of the hepatic metabolism of the newly
synthesized retinoid X receptor (RXR) agonists. The NADPH-
dependent elimination profiles of the RXR agonists evaluated
employing ratliver microsomes are shown using an Eadie-Hofstee
plot. Each experimental value is presented. The profiles of NEt-
3IP, NEt-3IB, and NEt-3cPM are indicated as circles, triangles, and
diamonds, respectively.

Table 2. Kinetic parameters of the hepatic metabolism of the
retinoid X receptor (RXR) agonists in rat liver microsomes.*

V. (@mol/min/ V__ /K _(mL/

max

Compounds K (uM) mg protein)  min/mg protein)
RXR agonists

NEt-3IP 7.85+1.18 0.48+0.05 0.06+0.01
NEt-31B 8.15+0.49 1.51+£0.06" 0.19+0.01°
NEt-3cPM 7.91+0.60 1.60+0.08° 0.20+0.02°
Reference compounds

Nifedipine 11.38+0.82 4.09+0.18 0.36+0.03
Propranolol 0.21+0.06 0.56+0.09 2.70+0.87

2Parameter values are expressed as the means * SE calculated
with 10 data points in consideration of error propagation.
bP<0.05: significantly different from the value of NEt-3IP.

accumulation properties of the newly synthesized RXR
agonists were not evaluated in this study, they need to be
examined along with adverse reactions caused by these
properties in a future study.

Concerning the bioavailability, it was shown to
noticeably vary among the compounds (Table 1). In this
study, an increased plasma concentration was observed
in the late elimination phase of the plasma concentra-
tion profile following intra-intestinal administration
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Figure 4. Effects of various CYP inhibitors on the hepatic metabolism of the newly synthesized retinoid X receptor (RXR) agonists. The
elimination rates of NEt-3IP, NEt-3IB, and NEt-3cPM measured in the presence of the inhibitor are shown in panels (A), (B), and (C),
respectively. Ketoconazole (KCZ), quinidine (QDN), and sulfadimethoxine (SDM) were selected as inhibitors for the rat CYP3A, CYP2D,
and CYP2C, respectively, and they were used at concentrations at which they can sufficiently suppress target enzyme activities. Data are
shown as the mean * SE of 4-5 experiments. *P<0.05: significantly different from the control value (100%).

(Figure 2). This suggests that the plasma concentration
profiles of the RXR agonists may not follow the phar-
macokinetic model we employed for the analysis. The
precise mechanism responsible for the increase is cur-
rently unknown, and the bioavailability calculated for
each compound may be influenced by the inadequate-
ness of the pharmacokinetic model. However, the find-
ing that NEt-3IP has the lowest and NEt-3IB has the
highest bioavailability can be readily accepted when
the plasma concentration profiles following the intra-
intestinal and intravenous administrations were briefly
compared (Figure 2). It is known that a compound’s
dissolution process in the intestine is often responsible
for a difference in bioavailability*>®, but this is unlikely
in this case since these compounds are readily dis-
solved in DMSO and their DMSO solutions were used
when they were administered in the intestine. Based
on the bioavailability determined with the plasma con-
centration profiles (Table 1), NEt-3IP seems to undergo
extensive first-pass metabolism, whereas NEt-3IB is
less metabolized when orally administered. Therefore,
to clarify the factors affecting their bioavailability, the
hepatic metabolism of these three compounds was
then investigated employing rat liver microsomes. As
shown in Figure 3 and summarized in Table 2, it was
demonstrated that their K values are similar, although
the V__ value depends on the compound and that of
NEt-3IP is noticeably smaller than those of the oth-
ers. In addition, in the inhibition study subsequently
performed, it was revealed that the CYP family mainly
mediating the hepatic metabolism of those three com-
pounds also depends on the compound (Figure 4).
NEt-3IP appears to be mainly metabolized by CYP3A,
whereas the metabolism of NEt-3IB is likely to be medi-
ated by both CYP3A and CYP2D. NEt-3cPM seems to

© 2011 Informa Healthcare USA, Inc.

be equally metabolized by CYP3A, CYP2D, and CYP2C
families. These may be related to the fact that their
side chain structures are slightly different from each
other (Figure 1). It is likely that the CYP family com-
monly recognizes their backbone structure, but the
metabolic rate depends on their side chain structure.
The side chain structure of NEt-3IP may be preferen-
tially accepted by CYP3A, and the affinity to the CYP2D
family can be enhanced by changing the side chain
structure from an isopropoxy (NEt-3IP) to isobutoxy
(NEt-31B) moiety. A slight difference in their side chain
structures seems to largely influence their affinity for
the CYP family. The discrepancy in the CYP families
mediating the metabolism observed between NEt-3IP
and NEt-3IB resembles that observed between two
related antidepressant compounds, imipramine and
desipramine (or N-demethylated imipramine). The
side chain structure of desipramine lacks the methyl
group at the tip as compared with that of imipramine.
It is known that imipramine is metabolized by both
CYP3A and CYP2D, whereas desipramine is solely
metabolized by CYP2D?.

As shown in Table 2, the intrinsic clearances of these
three compounds are much smaller than those of nife-
dipine and propranolol, although their bioavailability
values are similar to or much larger than that reported
for propranolol (Table 1)*. Additionally, the inconsis-
tency in the metabolic properties of NEt-3cPM should
be noted. That is, the metabolic profile appears to be
similar to that of NEt-3IB (Table 2), but the effects of
various inhibitors on its metabolism are clearly dif-
ferent from those of NEt-3IB (Figure 4). These may be
explained by assuming that, besides the three CYP
families examined, other CYP families, such as CYP1A2,
and/or other drug-metabolizing enzymes, such as UDP-
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glucuronosyltransferase and N-acetyltransferase, are
also involved in the metabolic processes®***, although
further investigation is required to fully understand their
metabolic processes.

Conclusions

Thepharmacokineticproperties ofthe RXR agonists pos-
sessing a 6-[N-ethyl-N-(3-alkoxy-4-isopropylphenyl)
amino|nicotinic acid skeleton are markedly changed
by a slight modification of the side chain structure.
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