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Introduction

The Biopharmaceutics Classification System (BCS), sup- ability of a drug,

Abstract

Objectives The Biopharmaceutics Classification System (BCS) categorizes active
pharmaceutical ingredients according to their solubility and permeability proper-
ties, which are susceptible to matrix or formulation effects. The aim of this
research was to evaluate the matrix effects of a hydroethanolic extract of calyces
from Physalis peruviana L. (HEE) and its butanol fraction (BF), on the biophar-
maceutics classification of their major compound, quercetin-3-O-rutinoside
(rutin, RU).

Methods Rutin was quantified by HPLC-UV, and Caco-2 cell monolayer trans-
port studies were performed to obtain the apparent permeability values (P,p,).
Aqueous solubility was determined at pH 6.8 and 7.4.

Key findings The P,,, values followed this order: BF > HEE > RU
(1.77 £ 0.02 > 1.53 #+ 0.07 > 0.90 & 0.03 x 10> cm/s). The lowest solubility
values followed this order: HEE > RU > BF (2.988 4 0.07 > 0.205 £ 0.002 >
0.189 %+ 0.005 mg/ml).

Conclusions According to these results, rutin could be classified as BCS classes
III (high solubility/low permeability) and IV (low solubility/low permeability),
depending on the plant matrix. Further work needs to be done in order to estab-
lish how apply the BCS for research and development of new botanical drugs or
for bioequivalence purposes.

drug molecule.' In the same way, other components pre-

sent alongside the API(s) can affect the intestinal perme-

(561 and hence can alter its

ported by the US Food and Drug Administration (FDA)
and accepted worldwide, classifies active pharmaceutical
ingredients (API) according to their solubility and intesti-
nal permeability.!'! It is considered a useful tool for
research and development into new formulations'®! and for
evaluating their bioavailability and bioequivalence.'"!
According to this system, class I drugs exhibit high solubil-
ity and permeability, while for class IV drugs both attri-
butes are low. Classes II and III include drugs with only low
solubility and only low permeability, respectively.!

The solubility criteria used by the BCS is understood as a
formulation function, beyond the intrinsic properties of the

biopharmaceutics classification.

Some authors have contributed to the application of the
BCS for botanical drugs and plant extracts[7_11]; however,
this claim entails a great challenge since those include com-
plex chemical mixtures of known and unknown compo-
nents that can influence the solubility and permeability of
their active markers.!'>*%!

Flavonoids are common markers in botanical drugs or
plant extracts that exhibit biological activity in multiple sys-
tems, but present poor bioavailability."">~'”! This is the case
of quercetin-3-O-rutinoside (rutin), a glycosylated flavo-
noid with broad therapeutic interest due to its antidiabetic
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effect, among other demonstrated pharmacological activ-
ity.""22 Its low bioavailability is a result of its low
aqueous solubility!"®’ and intestinal metabolism, when
rutin turns into quercetin (its aglycone) and other by-prod-
ucts.!?!

According previous work, rutin is the predominant com-
pound in an in-house prepared hydroethanolic extract of
calyces from Physalis peruviana L. (HEE),'**) a plant of
the Solanaceae family with wide distribution in tropical
and subtropical areas of South America, whose edible fruits
are used as folk medicine.!*”**! A second flavonoid, nicoti-
florin (Kaempferol-3-O-rutinoside), has been also isolated
from HEEP*?*); these compounds, along with others
reported for P. peruviana calyces as sucrose esters,**) phy-
toprostanes and withanolides,®®' make this part of the
plant a promising and even sustainable source of new natu-
ral products, since it is considered waste after harvest.

Recently, our research group described the antioxidant,
anti-inflammatory'*®’ and hypoglycaemic'®'! activity for
HEE and for its butanol fraction (BF). Therefore, in view of
the promising pharmacological effects of HEE and BF, the
solubility and permeability issues of its main secondary
metabolite (rutin), and the probable influence of the whole
chemical composition of extract and fraction on these
properties, this work aimed to evaluate the matrix effects of
HEE and BF on the biopharmaceutics classification of
rutin.

Most studies intended to apply BCS for botanical drugs
and plant extracts have focused on the intrinsic characteris-
tics of representative compounds of the mixture.””~" As far
as we know, this is the first time that both, solubility and
permeability, are experimentally established for rutin from
an herbal matrix and its BCS category is compared with
that for pure compound. It is also remarkable the contribu-
tion of this research to the understanding of biopharma-
ceutics performance of plant extracts specially for South
America native species.

Materials and Methods

Chemicals and cell culture materials

HPLC reagents were obtained from Merck (Darmstadt,
Germany). Water was purified using a Milli-Q system from
Millipore (Bedford, MA, USA). The standard compounds
rutin  (99.5%), quercetin (99.1%), quercetin-3-O-glu-
curonide (98.1%) and verapamil (>99%), the Hank’s bal-
anced salt solution (HBSS), Lucifer Yellow CH (LY) and
the enzyme mix [-glucuronidase/arylsulfatase were
obtained from Sigma-Aldrich (Deisenhofen, Germany).
The standard of propranolol (99.9%) was USP (Rockville,
MD, USA). The human colon adenocarcinoma cell line
Caco-2 was obtained from the American Type Culture

Biopharmaceutical classification of rutin

Collection (ATCC # HTB-37, Manassas, VA, USA), and
passages 123 and 124 were used. Cell culture reagents were
obtained from Gibco (Grand Island, NY, USA). All other
chemicals were of analytical reagent grade.

Preparation of HEE and BF

The calyces of P. peruviana were collected in Granada
(Cundinamarca, Colombia) on June 2016. The plant mate-
rial was identified by taxonomist Parra C., and a voucher
specimen (COL 512200) was deposited in the Herbarium
of the Universidad Nacional de Colombia. HEE was pre-
pared by percolation with ethanol 70% (1 : 15 m/v) during
72 h!**) and was fractionated by chromatography on silica
gel 60 column with dichloromethane, ethyl acetate and
butanol, respectively. BF was concentrated to dryness under
vacuum at 40 °C.°" Previous works of our group identi-
fied rutin as the main of two compounds elucidated in
HEE and BF (NMR and MS spectroscopy).'****! For this
research, the content of rutin in both preparation was con-
firmed by a previously validated HPLC-UV method.
Briefly, it was used a C18 column (150 x 3.9 mm, 10 pm),
mobile phase with methanol (A) and water, acidified with
acetic acid at 0.5%, in gradient from 10% to 80% A, over
25 min at 1 ml/min; column oven at 35 °C, detection at
350 nm and injections of 10 pl of the samples diluted in
methanol (1 mg/ml).**! In our experience, rutin in HEE
and BF is expected to range from 9 to 15 and 14 to 23 pg/
mg dry extract, respectively.

Rutin quantification for transport studies

Samples from the permeability experiments were analysed
for rutin (the major component of HEE and BF) and quer-
cetin (the metabolite of rutin) using a new HPLC-UV
method with a Luna® C18 column, 3 pm, 75 X 4.6 mm
(Phenomenex, Torrance, CA, USA); mobile phase with
water and acetonitrile, acidified with 0.1% of formic acid
(FA), in gradient from 75 : 25 up to 3 min to 65 : 35 up to
12 and 5 min of re-equilibration, at 1.0 ml/min; detection
at 260 nm and injections of 30 pl. Samples (200 pl) were
immediately acidified with FA up to pH 4, added with
200 pl of methanol and centrifuged at 30 000g at 4 °C
(Megafuge 8R®; Thermo Scientific, Waltham, MA, USA).
The clear supernatant was filtered by 0.22 pm polytetraflu-
oroethylene membranes and injected into the chromatogra-
phy system Chromaster RS® (Hitachi, Tokyo, Japan). In
order to identify potential glucuronide and sulfate querce-
tin conjugate metabolites, portions of the samples (200 ul)
were added with B-glucuronidase/arylsulfatase (10/57 Fish-
man units) and incubated at 37 °C for 30 min before quan-
tification. For the method validation, calibration curves
with at least five levels in range from 0.1 to 10 um were
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prepared by dilution of 2 mm (dimethyl sulphoxide,
DMSO) rutin and quercetin stock solutions in HBSS, pH
7.4 or pH 6.5. Accuracy and precision were determined for
each analyte by evaluating the recovery and coefficients of
variation (CV) under repeatability conditions (three con-
centrations/three replicates each, 1 day) and intermediate
precision (three concentrations/three replicates each,
3 days). Lower limit of quantification (LLOQ) was estab-
lished as the lowest level that produced accuracy and preci-
sion within +20%, and the limit of detection (LOD) was

estimated base on signal to noise ratio 3 : 1.5%%!

Caco-2 cells culture

The intestinal permeability experiments were carried out
with Caco-2 cells initially seeded into culture flasks in Dul-
becco modified Eagles medium with high glucose (4.5 g/l),
supplemented with 10% (v/v) fetal bovine serum, 1% (v/v)
L-glutamine, 1% (v/v) non-essential amino acids, 100 U/ml
penicillin and 100 pg/ml streptomycin. Cells were main-
tained in a humidified 5% CO, air atmosphere at 37 °C,
changing medium every 2-3 days and passaged upon
reaching about 80% of confluence. Cell quality was rou-
tinely tested for the presence of bacteria, fungi, yeasts and
mycoplasmas, all of which were negative (data not shown).

Intestinal permeability experiments

The assays were performed in accordance with an in-house
standardized methodology.®*’ The cells were seeded at
density of 1.87 x 10° cells/well on inserts of 12-well plates
(Transwell®; Corning, New York, NY, USA; 12 mm diame-
ter, 1.12 cm?, polycarbonate membrane, pore size 0.4 m)
and incubated under the abovementioned conditions until
cell differentiation (23 days).

Initial concentration (C,) was defined based on the via-
bility of differentiated cells incubated for 6 h with HEE, BF
or single rutin standard (RU), at a concentration range from
0 to 30 um, evaluated by sulforhodamine B method.”"!
Then, samples were prepared at concentration equivalent to
5 pm of rutin for BF (0.14 mg/ml), and equivalent to 10 pum
for HEE (0.42 mg/ml) and RU (6.1 x 107? mg/ml), by
dilution in HBSS (DMSO < 0.5% v/v) at pH 6.5 for the api-
cal to basolateral (AP-BL) direction experiments, or 7.4 for
those in basolateral to apical (BL-AP) direction.

Transwells were filled with samples at either apical
(400 pl) or basolateral (1200 pl) side, and HBSS, at appro-
priate pH, was added in the receiver chamber. The plates
were incubated at 37 °C in an orbital shaker (150 rpm) for
120 min, and volumes (200 pl from the apical side and
600 pl from the basolateral side) were withdrawn from the
receiver and replaced with fresh buffer at 30 min intervals.
After the final sampling, the remaining volume in the

G. P. Dominguez Moré et al.

donor chamber was completely removed for recovery cal-
culation.

In order to verify the integrity of cell monolayers, the
transepithelial electrical resistance (TEER) of each one was
measured, in advance and at the end of the experiments,
and the AP-BL apparent permeability coefficient (P,p,) of
LY (100 pg/ml in HBSS, pH 7.4) was determined by fluo-
rometric quantification.”*! Only the experiments per-
formed with cell monolayers that met the criteria of TEER
values >200 Qcm®  and  final LY  permeability
<1.0 x 10® cm/s were considered valid.

Additional bilateral transport experiments were performed
for RU (10 pm) in presence of verapamil (100 pm), a well-
known P-glycoprotein (P-gp) inhibitor,® in order to study
the potential role of the transporter in the permeability of
rutin. The P,,, of propranolol (25 um) was also experimen-

tally obtained and used as control of high permeability.
.[37]

P,pp values (cm/s) were calculated as follows:
dQ/dt
a = — 1
o~ 1)

where dQ/dt is the rate of drug permeation (steady-state
flux, pmol/s), Cy is the initial concentration of drug in
the donor compartment (uMm) at time 0, and A is the sur-
face area of the filter (cm?).

Efflux ratio (ER) was calculated by relate P,,, from BL-
AP direction (P,,, BL-AP) to that from AP-BL direction
(Papp AP-BL):"”!

_ PuyBL— AP

ER=_""" (2)
PoppAP — BL

Sample stability

Stability of rutin and quercetin (0.5 and 5 pum) in HBSS pH
7.4 was established by analysis of the intact compounds
remained in the buffer, after incubation of standard solu-
tion at 37 °C for 5-120 min.

Biopharmaceutics classification

To establish the class of rutin in BCS, in addition the per-
meability experiments, the aqueous solubility of this com-
pound in the pure form, from HEE and BF, was
determined at pH 6.8 and 7.4. For this, 5 ml of buffer solu-
tion was added with an excess of the solid samples, and the
mixtures were subjected to a constant agitation for 3 h at
37 °C. Rutin content in aliquots of the supernatants was
quantified by an HPLC-UV method.**!

Finally, the qualification of permeability and solubility of
rutin as low or high was established according to the
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criteria indicated in Table 1, which was constructed based
on FDA data.!!
The D, values were calculated using the lowest solubility

obtained for each sample as follows:"”!

M
TS, % 250

Dy (3)
where Dy is the dose number; M is the highest dose of rutin
(mg); S, is the lowest aqueous solubility (mg/ml); and 250
(ml) is the typical volume of a glass of water used for oral
administration of a drug.!?’ M values for HEE and BF
were established based on a previous study of our group'!
and for RU was based on the reported literature.*®!

Statistical analysis

Data are reported as the mean + standard deviation (SD) of
three independent experiments. The software Statgraphics
Centurion XVI v.16.1.02 was used for statistical analyses.
Simple regression with least squares method was applied to
assess the linearity of the quantification method. Other data
were analysed by the one-factor simple ANOVA test fol-
lowed by Fisher’s least significant difference test (LSD). Nor-
mal distribution of the data was verified by the Shapiro—
Wilk test and homoscedasticity by Levene’s test. Statistical
significance is detailed in the legends of the figures.

Results

Content of rutin in HEE and BF

Rutin in HEE and BF was found to be 14.54 and 22.00 pg/
mg dry extract, respectively. Chromatograms of the prepa-
rations are presented in Figure S1.

Table 1 Criteria to classify rutin solubility and permeability

Solubility Permeability
High
Qualitative Highest dose/strength P,y is equal to or greater
FDA criteria is soluble in than that of a selected

250 ml or less
of aqueous media
Quantitative Dy’ <1
used criteria

standard with high
permeability
Papp = Papp Of propranolol

Low
Qualitative Highest dose/strength P, is less than that of a
FDA criteria is not soluble in selected standard with

250 ml or less
of aqueous media
Quantitative Do® > 1
used criteria

high permeability

Papp < Papp Of propranolol

3Dose number value according to Eq. (3).1"!

Biopharmaceutical classification of rutin

HPLC-UV method validation

The HPLC method developed to quantify rutin and querce-
tin in HBSS was validated according to the International
Conference on Harmonization-ICH guideline® and
showed to be selective for the compounds of interest in the
presence of metabolites, inhibitors and control drugs (Fig-
ure 1). Standard curves of rutin and quercetin, and other
validation parameters, are summarized in Table 2. The
same method was applied to quantify propranolol, the drug
used as high permeability control for Caco-2 transport
assays. For this, the following linear regression equation was
determined: y = 9520.81x — 737.254 (r*: 0.9996), which
covered the concentration range from 0.25 to 25 pm.

P.pp of rutin in HEE, BF and RU in Caco-2 cell
model

The protocol used to maintain and differentiate Caco-2
cells allowed the formation of confluent cell monolayers
with tight junctions (Figure S2). According to cell viability
test, concentrations of HEE and BF equivalent to rutin
10 pm were well-tolerated and RU did not show any cyto-
toxic effects (Figure S3).

Despite cell viability results, preliminary transport exper-
iments in Caco-2 cell monolayers showed a decrease of
more than 50% of the TEER for BF equivalent to 10 um of
rutin. Based on this observation, C, used in the formal
experiments were the equivalent of rutin 5 pm for BF or
10 pum for HEE and RU.

The P,,, of rutin in the absorptive direction (AP-BL)
under pH gradient (apical 6.5, basolateral 7.4) occurred in
this order: BF > HEE > RU (Figure 2a). Consequently, the
percentages of rutin transported, which were calculated
from the relation between the total amount of the com-
pound found on the receiver chamber vs the total of mass
applied in the donor at the beginning of the experiment,
were 31.3 + 0.4, 20.3 £+ 0.4 and 17.4 + 0.3% for BF, HEE
and RU, respectively. According to these results, the trans-
ported rutin from BF and HEE was 80% and 17% greater
than that obtained for the pure compound (P < 0.00001
and P < 0.001, respectively).

Concerning the BL-AP direction transport, the P,p,, of
rutin also showed the behaviour: BF > HEE> RU (Figure 2a),
but the percentages of transported rutin were 22.0 £ 0.7,
10.2 £ 0.1, 12.1 % 0.2%, respectively, with statistically sig-
nificant differences among the single compound and HEE
and BF (P < 0.0001 for the two comparisons). The cumula-
tive transport of the marker as a function of time in both
directions is presented in Figure 2b and 2¢ and Tables S1-S3.

According to the above result, the ER of rutin followed
this order: BF = RU > HEE (Figure 3). BF and RU pre-
sented ER values >2 suggesting that the compound was
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Figure 1 Chromatographic profile of rutin and quercetin in HBSS buffer. Chromatographic signals of HBSS spiked with rutin, quercetin, querce-
tin-3-O-glucuronide (Q30G), propranolol and verapamil. Retention times: 1: rutin — 2.6 min, 2: Q30G — 3.2 min, 3: propranolol — 4.1 min, 4: ver-
apamil — 6.1 min and 5: quercetin — 6.4 min. Q30G, which is converted to quercetin by the action of B-glucuronidase, was used as a positive

control for metabolites deconjugation reaction.

Table 2 HPLC-UV method validation to quantify rutin and quercetin from different aqueous media

Precision (%)?

Theoretical
Compound/pH Range/LLOQ/LOD (uwm) Standard curve/R? concentration (pm) Repeatabilityb Intermediate®  Accuracy (%)¢
Rutin 0.1-10 y =82798.3x + 1767.5 0.1 8.17 5.31 89.56
pH 7.4 0.1 0.9993 1 3.28 4.26 103.08
0.004 10 1.40 3.39 102.40
Rutin 0.1 12.45 11.53 102.24
pH 6.5 1 4.58 1.31 104.94
10 5.12 2.21 100.84
Quercetin 0.5-5 y=18778.1x — 6558.84 0.5 2.88 2.67 108.39
pH 7.4 0.5 0.9944 1 2.30 11.41 93.18
0.41 5 5.73 11.49 99.17
Quercetin 0.25-10 y =27 427.5x — 2752.29 0.25 15.69 10.74 106.14
pH 6.5 0.25 0.9998 1 9.84 4.72 97.80
0.14 10 2.88 0.56 100.02

LLOQ, lower limit of quantification; LOD, limit of detection. °n = 3 per theoretical concentration. bCoefficient of variation (%) within 1 day. “Coef-
ficient of variation (%) over 3 days. “Recovery (%) with regard to theoretical concentration, n = 3 per concentration.

transported actively outside of the cells.!"! In presence of
verapamil, the ER of rutin decreased even below of one
(Figure 3, Table S4), which would confirm the participation
of P-gp in the efflux of the drug.

In order to describe the extent of rutin metabolism in
the Caco-2 model, the metabolized fraction (f;,) for each
treatment was calculated by the ratio of the total amount of
quercetin and/or sulfates and glucuronide conjugates
detected (transformed to equivalent of rutin), and the total
mass of the marker added to the donor chamber.”**! As was
explained in Materials and methods, rutin metabolites were
determined by direct quantification of quercetin, or indi-
rectly through treatment with B-glucuronidase/arylsulfatase
enzymes. The f,. of rutin in the AP-BL direction followed

this order: HEE > RU > BF. In the BL-AP direction, no
metabolites were detected from HEE, and the f,,o; from BF
was greater than that for RU (Table 3).

Considering the f,. percentages, the recovery of rutin
for the bidirectional transport assays ranges from 72.2% to
96.7% (Table 3). Since degradation of analytes can cause
loss of mass balance,®”! the next step was to evaluate rutin
and quercetin stability in basic HBSS. The recovery of rutin
(0.5 and 5 pum) along the incubation time was over 94.1%,
while quercetin kept stable for at least 5 min, but the recov-
ery at 120 min was only 4.4% for 5 pm and the signal for
the lower concentration was below LLOQ after 30 min.
Sample acidification with FA protects quercetin from
degradation (Figure S4, Table S5).
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Figure 2 P, values and bidirectional transport of rutin as single compound (RU) and in the hydroethanolic extract of calyces from Physalis peru-
viana (HEE) and its butanol fraction (BF) determined in Caco-2 cell model. (a) P.p, values from apical to basolateral direction (AP-BL, left bars) and
from basolateral to apical direction (BL-AP, right bars). (b) Accumulated amount of transported rutin per unit of Caco-2 cell monolayer surface area
as a function of time, from AP-BL direction. (c) Accumulated amount of transported rutin per unit of Caco-2 cell monolayer surface area as a func-
tion of time, from BL-AP direction. RU: (10 uwm), HEE: equivalent to 10 um of rutin, BF: equivalent to 5 um of rutin. Data represent the mean + SD
of three independent experiments. *P < 0.01, **P < 0.001, ***P < 0.0001 in relation to RU in each direction (ANOVA and LSD tests).

3 *kokk

skoksksk
25

kokskk

1.5

Efflux ratio

0.5 :

=RU = BF m HEE RU+V

Figure 3 Efflux ratio values of rutin as a single compound (RU) and in the hydroethanolic extract of calyces from Physalis peruviana (HEE) and its
butanol fraction (BF). Bars represent the mean £ SD (n = 3) of efflux ratio (ER) calculated as P.pp BL-AP/P,,, AP-BL ratio. The bar on the far right
(RU + V) represents the ER obtained after bidirectional transport assays of RU (10 pum) in the presence of 100 um of verapamil (V), which was
equally applied in the donor and receiver chambers. AP-BL, apical to basolateral; BL-AP, basolateral to apical. ****P < 0.00001 in relation to
RU + V (ANOVA and LSD tests).

propranolol as reference of high permeability.!"! The Popp
obtained for propranolol was 2.44 + 0.01 x 107> cm/s
(90% of recovery). All the Py, values of rutin were less
To classify rutin permeability as high or low according the than that of propranolol (Figure 2a); thus, according to the
BCS, the P, values of rutin, as a single compound, and in proposal presented in Table 1, rutin in all the samples was
HEE and BF (AP-BL direction), were compared using classified in the BCS low permeability category (Table 4).

Biopharmaceutics classification of rutin in
HEE, BF and RU

© 2020 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 72 (2020), pp. 738-747 743
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Table 3 Metabolized fractions of rutin obtained from Caco-2 cell
bidirectional transport experiments

Direction frnet (% + SD)? Total recovery (%)°
RU AP-BL 394038 79.0

BL-AP 45 4+ 0.1 85.8
HEE AP-BL 124 +19" 85.9

BL-AP n.d. 72.2
BF AP-BL 1.6 +£0.3" 96.7

BL-AP 10.6 + 0.5 85.4

AP-BL, apical to basolateral direction; BF, butanol fraction; BL-AP,
basolateral to apical direction; HEE, hydroethanolic extract of calyces
from Physalis peruviana; n.d., not detected; RU, single rutin standard.
fmet = Metabolized fraction expressed as percentages of the total
quercetin and/or glucuronide and sulfate conjugates detected (trans-
formed to equivalent of rutin) in relation to the total mass of the mar-
ker added to the donor chamber (mean 4+ SD, n = 3). IDRecovery
taking into account the fe. *P < 0.01 in relation to RU in the AP-BL
direction. **P < 0.001 in relation to RU in BL-AP direction (ANOVA
and LSD tests).

In turn, rutin solubility was classified using D, criteria
(Table 1, Eq. (3)). The S,, of rutin occurred at pH 7.4 and
followed this order: HEE > RU > BF (2.988 + 0.07 >
0.205 £ 0.002 > 0.189 + 0.005 mg/ml, Table S6); the
value from the extract is at least 15 times greater than those
for the single compound or fraction (P < 0.001). Regarding
M for D, calculation, it was estimated starting from previ-
ous reports. For HEE and BF our research group have
demonstrated hypoglycaemic activity in mice at a maxi-
mum dose of 500 mg/kg,"*"! which is equivalent to 7.27
and 11.0 mg/kg of rutin, respectively. For pure rutin, the
highest hypoglycaemic dose found in the literature was
100 mg/kg in rats.*®) After adjusting for body surface
area,'*”) the corresponding human doses of RU, HEE and
BF were estimated as 967.74, 35.46 and 53.66 mg, respec-
tively (Table S7), and those doses were finally used as M.

Consequently with S, values, only HEE presented
Dy < 1. According to this, rutin from RU and BF was clas-
sified in the BCS low solubility category, and from HEE in
the high solubility category (Table 4).

Table 4 Classification of rutin as a single compound (RU) and in the
hydroethanolic extract of calyces from Physalis peruviana (HEE) and its
butanol fraction (BF) based on the Biopharmaceutics Classification Sys-
tem (BCS)

AP-BL
Solubility Pesm Permeability ~ BCS
D classification® (107> cm/s)¢  classification®  class
RU 18.88 LOW 0.90 + 0.03 LOW [\
HEE 0.05 HIGH 1.53 + 0.07 LOW 11l
BF 1.14 LOW 1.77 £ 0.02 LOW [\

AP-BL, apical to basolateral direction. “Do: dose number, Eq. (3).
Low = Do > 1, High = Do < 1. “Values expressed as mean + SD
(n = 3). dLow = Papp < 2.44 x 10> cm/s (Papp of propranolol).
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In summary, Table 4 shows the BCS classification of
rutin in the samples studied, based on Caco-2 model at pH
7.4. It can be noted that HEE improves the biopharmaceu-
tics characteristics of rutin by increasing its solubility.

Discussion

The biopharmaceutics classification of active ingredients is
established according to their solubility and intestinal per-
meability. In this study, rutin permeability was determined
in vitro, via bidirectional transport assays using the Caco-2
cell monolayer model, known for exhibiting tight junctions
and brush border membrane, expressing several membrane
transporters and metabolizing enzymes®”*'); therefore,
pharmaceutical industry and regulatory agencies such as
FDA, accept this model is well-correlated with oral absorp-
tion in humans.!"!

The study of drugs transport across the cells monolayer
involves the measurement of their concentration in the
donor and receiver chambers; hence, an HPLC-UV
method, that allowed the quantification of rutin and its
potential metabolites in the used media (HBSS pH 6.5 and
7.4), was developed. According to the data from method
validation (Table 2), the accuracy and precision of the esti-
mated model for rutin were consistent at both pH condi-
tions. On the other hand, quercetin showed a lower
analytical response at pH 7.4, despite the acidification car-
ried out during sample preparation; thus, it was necessary
to define an independent regression model for this com-
pound in each pH condition. The lower response of quer-
cetin at alkaline pH could be a consequence of the poor
stability of the compound as was confirmed experimentally
(Figure $4, Table $5) and supported by other authors.!*>**!
The results about P,,;, in the absorptive direction (AP-
BL) would suggest a matrix effect of botanical preparations
on rutin permeability. However, studying drug permeabil-
ity requires consideration of other factors including efflux,
metabolism and degradation processes that will be dis-
cussed below.

As shown in Figure 3, rutin, pure and from BF, was sus-
ceptible to being transported outside of the cells, but when
HEE was tested, the efflux of the marker was practically
reversed. According to our results and previous
reports, *44°) P-gp will be involved in this efflux. Hence,
the lower ER of rutin from HEE could be a consequence of
the saturation of this transporter,[”] that would be
favoured by the more complex mixture of compounds pre-
sent in crude extracts (comparatively to fractions) and by
the higher starting concentration of HEE used in the exper-
iments (equivalent to 10 um for HEE vs 5 uwm for BF). The
influence of the components of an herbal product on the
rutin efflux has been studied by Gao et al.!"?, who com-
pared different commercial products based on St John’s
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Wort (Hypericum perforatum L.), finding ER values ranging
from 1 to 3.64.

Regarding to rutin metabolism, its hydrolysis into quer-
cetin and the conjugation with sulfate and glucuronide acid
in Caco-2 cell monolayers are processes already
known,*>**! that occur due to the action of cytochrome
P450 enzymes, UDP-glucuronosyltransferases and sulfo-
transferases expressed in the cells.*>*”) It was noted that
the higher fi,. occurs for HEE which presented a lower
rutin ER, suggesting that in this case, a greater amount of
the compound entered the cells for its metabolization. In
addition, quercetin has been described as a P-gp inhibitor

in Caco-2 cells'®®); therefore, the higher metabolism of
rutin from HEE could, in turn, account for the decrease in
drug efflux.

As was discussed before, quercetin is instable at pH of
basolateral compartment (7.4), which explain in part the
recovery below 80% founded for HEE in BL-AP direction
assay (Table 3), by considering that part of the metabolite
that may have formed during the experiments it was
degraded early. Other reasons for low mass balance could
be the retention of the compounds inside the cells or in the
cell membranes, or their adhesion to plastic materials.>”!
Despite this limitation, suitability of the model and perme-
ability method was demonstrated for the correct formation
of the tight junctions of Caco-2 cells (Figure S2), and by
the P,,, value for propranolol which was very similar to
those reported by other authors.!*>** Thus, the informa-
tion obtained from this model was enough to establish low
permeability of rutin in all the test treatment but improved
by the plant extract and fraction.

These results support the observations of other authors
about the influence of a complex mixture of compounds
present in a plant extract on the intestinal absorption of
their individual components, as a result of interactions at
different levels."*'*°'=> For rutin specifically, Henriquez
et al.®" found a decrease of 41% in the P,pp> when fibre is
discarding from an extract. Most recently, Li et al.'"!
reported a lower permeability of rutin from a polyherbal
preparation comparatively to pure compound.

Evidence also shows that mechanism intended to protect
rutin from biological degradation and efflux improves the
bioavailability of the drug.****! Despite the positive effects
shown by HEE and BF on rutin permeability, BF presented a
high ER and HEE the greatest rate of metabolism; therefore,
it is unclear whether these preparations could increase the
bioavailability of the drug in vivo. Further experiments will
be conducted by the group, seeking to clarify this aspect.

The BCS class proposed for rutin in the samples studied
is limited to Caco-2 model and pH 7.4; however, a high
correlation between different in vitro methods for perme-
ability evaluation of this compound, including Caco-2
method, and its absorption in vivo has been reported.''’!

Biopharmaceutical classification of rutin

Concerning the pH condition, for this research, solubility
at pH 7.4 was the lower for all the samples; thus, those val-
ues were used as reference for D, estimation; a wider pH
range should be considered for future research. Another
factor conditioning BCS class is M in D, equation (Eq. 3),
that could be highly variable in botanical drugs and plant
extracts due to the variability in the content of individual
compounds lot-to-lot; for this case, HEE will present high
BCS solubility even using the maximum possible value of
M, based on the specification range of the content of rutin
(Section Preparation of HEE and BF). About M of RU, for
comparative propose, it was estimated from preclinical
studies, same as it was done for the other samples; however,
products with single rutin for humans at dose of 500 mg
are available in the market.”® Dy from this lower M kept
>1 (low solubility).

Taken together, these results strongly indicate that HEE
improves the biopharmaceutics characteristics of rutin by
increasing its solubility. Other researchers have observed this
fact for different markers in other plant extracts, relating this
effect to the presence of polyphenols and saponins that do

not necessarily have specific pharmacological activity.!'>*”!

Conclusions

The data obtained in this research support the concept that
the biopharmaceutical characteristics of herbal extracts
depend not only on the intrinsic properties of their main
metabolites, but also on the matrix in which they are found.
Rutin from HEE was classified as BCS III at pH 7.4 in
Caco-2 model, while pure compound was BCS IV. Further
work needs to be done with other extracts and marker
compounds in order to establish how apply the BCS for the
research and development of new botanical drugs or for
bioequivalence purposes.
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