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Abstract

Dioscorea villosa (wild yam) is native to North America and has been widely used as a natural
alternative for estrogen replacement therapy to improve women’s health as well as to treat
inflammation, muscle spasm, and asthma. Diosgenin and dioscin (glycoside form of diosgenin) are
reported to be the pharmacologically active compounds. Despite the reports of significant
pharmacological properties of dioscin and diosgenin in conditions related to inflammation, cancer,
diabetes, and gastrointestinal ailments, no reports are available on ADME properties of these
compounds. This study was carried out to determine ADME properties of diosgenin and dioscin
and their effects on major drug metabolizing enzymes (CYP 3A4, 2D6, 2C9, and 1A2). The
stability was determined in simulated gastric and intestinal fluids (SGF, pH 1.2 and SIF, pH 6.8),
and intestinal transport was evaluated in Caco-2 model. Phase I and phase 11 metabolic stability
was determined in human liver microsomes and S9 fractions, respectively. Quantitative analysis of
dioscin and diosgenin was performed by UPLC-MS system. Dioscin degraded up to 28.3% in SGF
and 12.4% in SIF, which could be accounted for by its conversion to diosgenin (24.2%. in SGF
and 2.4% in SIF). The depletion of diosgenin in SGF and SIF was < 10%. Diosgenin was stable in
HLM but disappeared in S9 fraction with a half-life of 11.3 min. In contrast, dioscin was stable in
both HLM and S9 fractions. Dioscin showed higher permeability across Caco-2 monolayer with
no significant efflux, while diosgenin was subjected to efflux mediated by P-glycoprotein.
Diosgenin and dioscin inhibited CYP3A4 with ICsq values of 17 and 33 puM, respectively, while
other CYP enzymes were not affected. In conclusion, dioscin showed better intestinal
permeability. Conversion of dioscin to diosgenin was observed in both gastric and intestinal fluids.
No phase | metabolism was detected for both compounds. The disappearance of diosgenin in S9
fraction indicated phase 1l metabolism.
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Introduction

Dioscorea villosa L. (wild yam) (Dioscoreaceae) is native to North America. Traditionally,
wild yam root and rhizome extract has been used to relieve symptoms associated with
menopause and rheumatoid arthritis. Steroidal saponins are the main class of compounds
found in D. villosa, and the pharmacologically active compounds are reported to be
diosgenin and dioscin (Fig. 1).

Since diosgenin has structural similarities with cholesterol and other endogenous steroids, it
has been used as a precursor for synthetic steroids in pharmaceutical industry. Additionally,
it is also used in synthesis of steroid like estrogens and DHEA [1]. Several preclinical
studies have implicated the potential use of diosgenin in several ailments like cancer,
diabetes, hypercholesterolemia, gastrointestinal disorders, and inflammatory conditions [2—
5]. In addition, diosgenin and dioscin have been reported to show antifungal properties [6].
Dioscin is the glycoside form of diosgenin and has been shown to possess anti-oxidant and
anti-cancer properties [7]. Given the wide spectrum of the uses of these two compounds in
several therapeutic areas, studying ADME properties is of paramount importance [8].

The oral bioavailability of any drug is mainly governed by its stability in biological fluids
(gastric and intestinal fluids), intestinal absorption, and metabolic stability. The stability of a
drug in biological fluids is determined by incubating the drug with simulated gastric and
intestinal fluids and quantifying the amount of drug loss [9]. Although several /n vitro
methods are available to predict the intestinal absorption, studying the bi-directional
transport of a drug across Caco-2 cell (human colorectal adenocarcinoma) monolayers to
predict its absorption is the most widely used method [10]. When cultured (21 days), Caco-2
cells differentiate into polarized monolayers which resemble small intestinal mucosa in
expressing tight junctional proteins and several influx and efflux transporters. The
permeability coefficient values obtained from the Caco-2 transport studies correlate well
with the intestinal absorption /7 vivo [10-12]. The next important parameter in
characterizing ADME properties of a drug is determining the Phase | and Phase Il metabolic
stability. This is achieved by incubating drug in presence of either human liver microsomes
or S9 fraction and determining the half-life and intrinsic clearance [13].

This study was aimed to determine ADME properties of dioscin and its aglycone diosgenin
which included stability in biological fluids, intestinal absorption, and metabolic stability.
Since cytochrome P450 enzymes (CYPs, mainly 1A2, 2C19, 3A4, and 2D6) are involved in
the metabolism of the majority of drugs and most of the drug-drug interactions are caused by
the effects of concomitantly used drugs on these enzymes, the inhibitory potential of
diosgenin and dioscin towards these enzymes was also determined employing C-DNA
baculovirus-expressed enzymes and fluorescence substrates.
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Results and Discussion

For orally administered drugs, stability in SGF and SIF contributes significantly to the
intestinal permeability and overall bioavailability. The extent of gastric stability determines
the amount of drug available for absorption through intestinal mucosa. This can be
determined by incubating the drug with the gastric fluid for specified time period and
quantifying the amount of remaining drug [14]. The stability of dioscin and its aglycone
diosgenin was evaluated in SGF (pH 1.2) in presence of pepsin for 2 hours and SIF (pH 6.8)
in presence of pancreatin for 3 hours. Dioscin degraded up to 28.3% in SGF during 3-hour
incubation. The glycosides have been shown to undergo hydrolysis in gastric conditions and
convert to the aglycone form [15]. Similar to the previous observations with glycosides,
disappearance of dioscin in SGF can be accounted for by its conversion to 24.2% of
diosgenin (Table 1). It is also important to note that 71.7% of dioscin was still detected after
3-hour incubation in SGF indicating that a significant amount of dioscin will be available to
permeate through the intestine. In SIF, 12.4% of dioscin disappeared, with only 2.4% being
converted to aglycone (Table 2). In accordance with the biopharmaceutical classification
system that compounds which degrade more than 5% may have stability issues [14], dioscin
can be placed in a category of drugs that show poor stability in SGF and SIF. Previous
pharmacokinetic study of dioscin in rats has shown that dioscin has low oral bioavailability
[16]. The instability of dioscin in gastric and intestinal fluids may contribute to its low
systemic availability. On the other hand, the aglycone diosgenin was degraded by 8.5% in
SGF (Table 1), which is slightly higher than the recommended value of 5%, while in SIF, it
was found to be stable with only 4.8% degradation after 3 hours of incubation (Table 2).

Next, we evaluated the /n vitro intestinal permeability of diosgenin and dioscin using 21-day
Caco-2 model. Intestinal absorption of a drug can be predicted by Pqp, Values quantified
across Caco-2 monolayers. Compounds with Pgp, value greater than 1 x 1078 cm/s are
considered to have good intestinal absorption; incomplete absorption occurs if the values are
close to 1 x 1077 cm/s [10, 17]-In our initial transport experiments performed in transport
buffer (HBSS), no diosgenin levels were detected in either the apical or basolateral side after
2-hour incubation. This is in accordance to the reports that diosgenin exhibits poor aqueous
solubility [1], which may affect the detection of low levels of drug. To overcome this, we
have used 1% HPBCD as a solubilizing agent. Cyclodextrins form hydrophilic complexes
with the lipophilic compounds and thereby increase the solubility in aqueous fluids [18,19].
Based on the previous reports, the use of 1% HPBCD in Caco-2 transport studies brought no
significant alteration in either the integrity or structural properties of the monolayers [20]. In
agreement with these observations, no alterations in TEER values of monolayers or Pgp,
values of positive control atenolol and marker Ly were observed in our experiments.
Accordingly, 1% HPACD was used in dissolving our test drugs and controls for transport
studies. These observations also confirm that the use of cyclodextrins as solubilizing agents
is a useful strategy to study intestinal transport of poorly soluble compounds.

In the present study, diosgenin showed a Pqpp value of 9.6 x 1076 cm/s in the absorptive
direction (A-B) and 48 x 1078 cm/s in the secretory direction (B—A) as shown in Table 3.
The transport was higher in the secretory direction (21%) compared to the absorptive
direction (3.8%). The low permeability marker compound atenolol showed apparent
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permeability values of 2.3 x 1078 cm/s (2.8% transport) in A-B direction and 1.31 x 1076
cm/s (1.4% transport) in B—A direction (Table 3), which are similar to previous reports [21].
In addition, at the end of the transport experiments, the monolayer integrity was confirmed
by measuring the TEER across the monolayer, and by measuring P,pp value of Ly, which
was in the range of 2.0 + 0.5 x 1078 cm/s. The permeability values of diosgenin in the
absorptive direction are significantly higher than the permeability of atenolol (Table 3), but
the values are low in comparison to the reported values of propranolol (32 x 1076 cm/s) [22]
which is considered as a marker for high permeability in Caco-2 transport studies. The Pgpp
values of dioscin were 15 x 1076 cm/s (7.5% transport) in A-B and 20 x 1076 cm/s (11%
transport) in B-A, which is twofold higher than those for diosgenin. Similar to diosgenin,
permeability values of dioscin were higher than atenolol and lower than propranolol. These
results suggest that both diosgenin and dioscin exhibit a moderate intestinal permeability
across Caco-2 monolayers. The two compounds showed a linear transport across Caco-2
monolayers for 2 hours as shown in Fig. 2. The diosgenin levels were not detected until 60
min suggesting slower absorption across the intestinal layers compared to dioscin (Fig. 2).

The next objective was to see if there are any efflux mechanisms involved in the transport of
diosgenin and dioscin. Efflux ratios (Papp B—A/Papp A-B) quantified in transport studies are
an indirect measurement of involvement of any efflux mechanisms [23, 24]. Drugs with
efflux ratios close to unity suggest that there is an equal directional flux and passive
diffusion is the predominant mechanism involved in the absorption [25]. For drugs with
efflux ratio greater than 2, there is a definite contribution of efflux transporters in transport
mechanisms. In our study, a high efflux ratio of 5.0 for diosgenin indicates that efflux
transporters are involved in the transport of diosgenin which could result in its limited
intestinal absorption. An efflux ratio of 1.3 for dioscin is suggestive of passive diffusion as a
primary mechanism involved in the intestinal absorption of dioscin. Since the efflux ratio of
diosgenin was greater than 2, we investigated the role of major efflux transporters in its
transport. The three major efflux transporters belonging to ABC transporter family are P-gp,
multidrug resistant proteinl and 2 (MRP1, MRP2), and BCRP. These transporters are
expressed on the apical side of the intestinal mucosa and play a pivotal role in altering the
bioavailability of substrate drugs [26]. To study the role of these transporters, the transport
of diosgenin was monitored in presence of inhibitors of P-gp (verapamil), MRP1 and 2
(MK-571), and BCRP (KO143). The addition of verapamil significantly increased (3 fold)
the permeability of diosgenin in the absorptive direction (A-B) with no effect on the
permeability in secretory direction (B—A) as demonstrated in Fig. 2. Compounds such as
grepafloxacin show a similar trend where flux changes only in absorptive direction in the
presence of inhibitors, hence, diosgenin can be placed in the same class [27]. The addition of
MK571 and KO143 increased the P4, Value of diosgenin in the absorptive direction by 1.84
and 1.33 fold, respectively (Fig. 3A), without affecting the P4,y value in secretory direction,
similar to verapamil. In addition, the efflux ratio of diosgenin (5.0) was significantly lower
in presence of verapamil (2.1), while the presence of MK571 (3.8) and KO143 (4.0) had no
significant effect on the efflux ratio, as shown in Fig. 3B. These results indicate that P-gp is
the primary transporter involved in the efflux of diosgenin and the use of P-gp inhibitors
may be a useful strategy to enhance its /n vivo bioavailability. The possibility of involvement
of additional isoforms of MRP proteins (MRP 3-6) and solute carrier transporters that are
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also expressed in Caco-2 cells cannot be ruled out, which may also contribute to the high
efflux of diosgenin. Previous studies have indicated that glycosides like hesperidin and
genistin show poor intestinal permeation compared to their corresponding aglycones
(hesperetin and genistein) [28,29]. In contrast to these reports, our results show that the
glycoside dioscin has better intestinal permeability than its aglycone form. Dioscin has been
previously shown to inhibit P-gp [12] which could be responsible for its better absorption. In
addition, the predicted Log P values of diosgenin and dioscin are 5.12 and 1.12, respectively.
Compounds with Log P values between 1 and 4 have been shown to have ideal liphophilicity
and aqueous solubility to penetrate biological membranes. Further, compounds with Log P
greater than 4 have been predicted to have poor aqueous solubility and intestinal absorption
[30]. Based on this theory, diosgenin is expected to have lower permeability than dioscin,
which is in accordance to our observations.

Next, we determined the metabolic stability of diosgenin and dioscin in HLM and S9
fractions. Diosgenin was stable in HLM (Fig. 4) but degraded in S9 fraction with a half-life
of 11.3 min and intrinsic clearance of 7 mL-min~1.kg~! (Fig. 4). This indicates that
diosgenin could be mainly metabolized by phase Il enzymes. In contrast, the aglycone
dioscin was found to be relatively stable in both HLM and S9 fractions with more than 50%
of the compound detected after incubation (Figs. 4 and 5). This observation suggests that
dioscin is metabolically stable. However, extra-hepatic mechanisms may be involved in the
elimination of dioscin as shown in a previous /7 vivo study [16]. The high metabolic stability
may explain the long half-life of dioscin (25.6 h) after oral administration as observed in a
previously reported pharmacokinetic study of dioscin in rat [31].

Finally, we investigated if diosgenin and dioscin interact with major drug metabolizing
enzymes such as CYP 3A4, 2D6, 2C9, and 1A2. The alteration in the activity of these
enzymes by concomitantly administered drugs is responsible for the majority of drug-drug
interactions [32]. Diosgenin and dioscin inhibited catalytic activity of CYP3A4 with ICgq
values of 9 pg/mL (17 uM) and 29 pg/mL (33 uM), respectively (Table 4, Fig. 6), while
other CYP enzymes were not affected. At these high concentrations, the possibility of
diosgenin and dioscin to cause drug-drug interactions seems to be remote.

In conclusion, dioscin showed better intestinal permeation than diosgenin, however, its
bioavailability may be impeded due to its instability in SGF and SIF. Diosgenin was found to
be a substrate for P-gp, which seems to limit its intestinal permeability and bioavailability. A
weak interaction with CYP 3A4 and no effect on other CYPs are indicative of drug safety if
used in combination with other drugs.

Materials and Methods

Caco-2 cells were obtained from American Type Culture Collection (ATCC). DMEM,
MEM, HBSS, HEPES, trypsin EDTA, penicillin-streptomycin, and sodium pyruvate were
obtained from GIB-CO BRL Invitrogen Corporation. FBS was from Hyclone Lab Inc.
CYPremes™ human liver microsomes and S9 fractions (pooled mixed sex) were from In
Vitro Technologies Inc. CYP1A2/CEC, CYP2C9/MFC, CYP3A4/BQ, and CYP2D6/AMMC
high throughput inhibitor screening kits were from BD Gentest. Transwell® plates (12 well,
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1.12 mm diameter, 0.4 uM pore size) were from Costar Corp. G-6-PDH, glucose-6-
phosphate, NADP*, UDPGA, atenolol, and all other chemicals were from Sigma Chem. Co.
K0O143 was purchased from Tocris Biosciences. Strata-X filter plates for extraction of
diosgenin and dioscin in transport experiments were purchased from Phenomenex. The
purity of the positive controls was = 98%.

Diosgenin and dioscin were isolated from the extract of Dioscorea villosarhizomes as
described earlier, and the purity of both the compounds was confirmed by chromatographic
analysis to be = 95% [33]. A 10 mM stock solution of diosgenin and dioscin was prepared in
DMSO for transport experiments (final DMSO 1%) or methanol for stability studies and
CYP inhibition assays (final methanol 0.1%).

Stability of diosgenin and dioscin in simulated gastric and intestinal fluids

Previously described USP specifications were used to prepare simulated gastric and
intestinal fluids as described below [34].

Preparation of SGF—Sodium chloride (1.0 g) and purified pepsin (1.6 g) (derived from
porcine stomach mucosa) were dissolved in 3.5 mL of 0.1 N hydrochloric acid (HCI), and

the pH was adjusted to 1.2 with 0.1 N HCI. The final volume was made up to 500 mL with
nanopure water.

Preparation of SIF—A solution of monobasic potassium phosphate (6.8 g) was made in
250 mL of distilled water. To this solution, 77 mL of 0.2 N sodium hydroxide and 500 mL of
water were added and mixed well followed by the addition of 10 g of pancreatin (from
porcine pancreas). The pH of simulated SIF was adjusted to 6.8 + 0.1 with 0.2 N sodium
hydroxide or 0.2 N hydrochloric acid. The final volume was made up to 1000 mL with
nanopure water.

Determination of diosgenin and dioscin stability in SGF and SIF

A solution of diosgenin and dioscin was prepared in SGF or SIF (0.5 mg/mL). Aliquots (1
mL) of these solutions were pipetted into glass tubes and placed in a 37°C shaking water
bath (120 RPM). The incubation times were 0, 30, 60, and 120 min for SGF and 0, 60, 120,
and 180 min for SIF. The experiment was done in triplicates. At the corresponding time
points, 100 pL of the sample was taken out and added to 200 pL of ice cold methanol and
mixed well. Samples were centrifuged at 12000 RPM for 5 min, and the supernatant was
used for UPLC-MS analysis. The relative difference (RD), which determines the % of drug
remaining at the end of incubation period compared to the initial amount, was calculated
using the following equation

RD= Cl(;Cf % 100%

1

where C;is the initial concentration of drug determined at zero time and Cis the
concentration determined at the end of incubation period.
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Cell culture and bi-directional transport assay across Caco-2 monolayers

Cell culture conditions for Caco-2 cells were similar as described earlier [21]. Cells between
passage numbers 30-42 were used for transport studies. Transport experiments were
performed in 12-well Transwell® plates. Cells were seeded at a density of 63000 cells/cm?
and grown for 21 days, with change of media every 3 days. Physiologically and
morphologically confluent monolayers with TEER values greater than 400 ohm/cm? were
used for the experiment. HBSS with 10 mM HEPES was used as transport buffer. For
bidirectional transport, compounds (100-200 uM) were added to apical side for determining
apical to basolateral transport (A—B; absorptive direction) and basal side for determining
basolateral to apical transport (B-A,; secretory direction). Volume of apical and basolateral
chambers were 0.6 and 1.5 mL, respectively. Aliquots of 200 uL were taken out from
basolateral (for AB transport) or from apical (for B-A transport) chamber at 30, 60, 90, and
120 min. An equal volume was replaced with transport buffer at every time point. At the end
of the experiment, an aliquot was also taken out from apical or basolateral chamber for
analysis of drug. To determine the integrity of monolayers, TEER values were measured
before and after the experiment. In addition, permeability of Ly, a fluorescent paracellular
diffusion marker, was also determined across the monolayers after the transport experiment.
Furthermore, cytotoxicity of dioscin and diosgenin was determined to Caco-2 cells using
MTS proliferation assay (Supporting Information, Fig. 1S).

Papp (cm/sec) was calculated from the following equation:

Papp=(dq/dt) x 1/C, x 1/A

where dg/dt is the rate of transport, C, is the initial concentration in the donor compartment,
and A is the surface area of the filter. To quantify the rate of transport, cumulative amount of
test compounds was plotted against time (min).

The solubility of diosgenin was very poor in the transport buffer. To overcome this, 1%
cyclodextrin was used as a solubilizing agent. To maintain the homogeneity, all the
experimental compounds were dissolved in transport buffer containing 1% HPBCD
including the controls. The samples from bi-directional transport assays were extracted with
100% methanol containing 0.05% formic acid by solid phase extraction method using
Strata-X filter plates.

Assay for metabolic stability in human liver microsomes and S9 fractions

To determine Phase | and Phase Il metabolic stability of diosgenin and dioscin, human liver
microsomes and S9 fractions were used, respectively. The assay conditions and reaction
mixtures were similar as described previously [35]. Testosterone and 7-hydroxy coumarin
were used as positive controls for Phase | and Phase Il metabolism, respectively. The
reaction mixture was primed for 5 min at 37°C and then diosgenin (100 uM), dioscin (50
UM), or controls (10 uM) were added. Aliquots of 100 pL were collected from reaction
volumes at predetermined time points of 0, 15, 30, 60, 90, 120, and 180 min and extracted
with 200 uL of ice cold acetonitrile/methanol (50:50). After centrifuging for 15 min at
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12000 RPM (4°C), the supernatants were analyzed by UPLC-MS. Elimination half life
(T4/2) and CL’jnt (mL/min/kg) were calculated as reported previously [13].

where K is the slope of the line obtained by plotting natural logarithmic percentage (Ln %)
of diosgenin and dioscin remaining in the reaction mixture versus incubation time (min).

OL int— 0.693 mL incubation o 45mg microsomes ~ 20gm liver

X
invitroT1/2  mgmicrosomes gm liver kg bw

Assay for inhibition of cytochrome P450 (1A2, 2C19, 3A4, and 2D6)

The assay conditions were followed as described previously [36]. The assay was performed
in a total volume of 200 pL using 96-well microtiter plates. Test compounds (50-0.2 uM) or
positive control (5-0.02 uM), cofactors mix, and G-6-PDH were added to the wells and pre
incubated for 10 min at 37°C, and the plates were read to account for any fluorescence
caused by the test compounds (0-min readouts, both diosgenin and dioscin had no
measurable auto fluorescence). Reaction was initiated by adding the enzyme substrate
mixture and incubated for 30 min. Reaction was stopped by adding ice cold acetonitrile/0.5
M Trisbase (80:20). Fluorescence was measured on a Spectramax M5 plate reader
(Molecular Devices) at specified excitation and emission wavelengths. 1Csq values were
obtained from dose curves generated by plotting percent inhibition against tested
concentrations.

Analytical method

All the samples and controls were analyzed using Waters Acquity ultra performance-liquid
chromatography-UV/mass spectrometry (UPLC-UV/MS) (Waters Corp.). The system binary
solvent manager, sampler manager, column compartment, and PDA detector were connected
to Waters Empower 2 data station. For the analysis of diosgenin and dioscin, an Acquity
UPLC BEH Shield RP18 column (100 mm x 2.1 mm I.D., 1.7 pm) was used. A column
temperature of 40°C and sample temperature of 15°C were maintained during sample
analysis. The mobile phase consisted of water (A) and acetonitrile (B), both containing
0.05% formic acid at a flow rate of 0.27 mL/min, which were applied in the following
gradient elution (Waters curve type 6): 80% A: 20% B at 0 min, 50% A: 50% B in next 5
min, 20% A: 80% B in next 2 min, and 100% B in next 3 min. Separation was followed by a
3-min washing procedure with 100% B and re-equilibration period of 3.5 min. The total run
time for analysis was 13 min. The injection volume was 10 pL. The effluent from the LC
column was directed into the ESI probe. Mass spectrometer conditions were optimized to
obtain maximal sensitivity. The source temperature and the desolvation temperature were
maintained at 150°C and 350°C, respectively. The probe voltage (capillary voltage), cone
voltage, and extractor voltage were fixed at 3.0 kV, 30 V, and 3 V, respectively. Nitrogen was
used as the source of desolvation gas (650 L/hr) and drying gas (25 L/hr). Compounds were
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confirmed in selected ion recording (SIR) mode. [M + H]* = 415.3 ion for diosgenin and
913.4 [M - H]™ ion in negative mode for dioscin were selected as detecting ions. The lower
limit of quantification and detection of diosgenin and dioscin were 0.2 pg/mL and 0.1
ug/mL, respectively. Mass spectra were obtained at a dwell time of 0.1 sec in SIR and 500
Dal/sec of scan rate. The analysis of atenolol, testosterone, and 7-hydroxycoumarin was done
according to method described earlier [37].

Statistical methods

All values are represented as mean + SEM (n = 3). Papp Values in B-A direction were
compared with Papp values in A-B direction by Student’s t-test. Non-parametric data were
analysed by the Mann-Whitney test and Kruskall-Wall test using Graph Pad Prism Version
5. p < 0.05 was considered to be statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

ADME absorption, distribution, metabolism, and excretion
Caco-2 human colonic adenocarcinoma

CYP cytochrome P450

Papp apparent permeability

Ly lucifer yellow

P-gp P-glycoprotein

BCRP breast cancer resistant protein

MRP multidrug resistant protein

HLM human liver microsomes

CL’int intrinsic clearance

DHEA dehydroepiandrosterone
HPBCD hydroxypropoyl-g-cyclodextrin

ABC ATP binding cassette
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Fig. 1.
Chemical structures of diosgenin and dioscin.
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Fig. 2.

Cumulative amount of diosgenin (A) and dioscin (B) transported across Caco-2 cell
monolayers for 2 h. The data are represented as mean + SD of 3 experiments (n = 1 in each
experiment).
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Permeability (A) and efflux ratios (B) of diosgenin across Caco-2 monolayer in presence
and absence of P-gp (Verapamil), MRP (MK 571), and BCRP (KO143) inhibitors. *** P <
0.001, ** p < 0.05, determined by Kruskal-Wallis test; * p < 0.01, determined by Mann-
Whitney test. The data are expressed as mean + SD of 3 experiments (n = 1 in each

experiment).
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Fig. 4.

Phase | metabolic depletion of diosgenin and dioscin in pooled human liver microsomes
with respect to time. Testosterone was used as positive control. The data are expressed as

mean + SD of 3 experiments (n = 1 in each experiment).
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Phase Il metabolic depletion of diosgenin and dioscin in S9 fractions with respect to time. 7-
Hydroxycoumarin was used as a positive control. The data are expressed as mean + SD of
triplicate samples in one experiment.
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Fig. 6.
Dose-response curves of CYP3A4 enzyme inhibition by diosgenin and dioscin. The data
shown are mean + SD of triplicate treatments in one experiment.
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ICsq values of inhibition of cytochrome P450 enzymes by diosgenin and dioscin. The assay conditions are
described in Materials and Methods.

Compound 1C50 (UM)

3A4 2D6 2C19 1A2
Diosgenin 17+4 NE NE NE
Dioscin 33x4 NE NE NE
Quinidine ™ - 004+001 - -
Ketoconazole * 0.05+£001 - - -
Tranylcypromine - 09+00 -
Furafylline ™ - - - 1.12+0.01

Data are expressed as mean + SD of triplicate samples from one experiment. NE = Not effective up to 50 ug/mL.

*
Positive controls.
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