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Abstract

Background: Plant extracts can be obtained to carry bioactive compounds, useful for prevention and
treatment of different ilinesses. This also supports the intake of teas as functional beverages. Nonetheless,
it is incompletely known whether these extracts can act as effective sources and vehicles de phenolic
compounds (phenolics/polyphenols) to reach their targets. Objective: To establish whether phytoextract
ingestion modified in a sex-dependent manner the phenolic bioavailability and redox response in liver and
kidney. Method: BALB/C mice ingested for a month 100 mg/Kg/d of extracts (tea-like) from Aspidosperma
guebracho-blanco (AQB), Lantana grisebachii (LG) or llex paraguariensis (IP). Then, phenolics, peroxides
and nitrites were analyzed by spectrophotometry. Also, phenolic permeation from digested and undigested
extracts was evaluated in vitro with a rat jejunum-based assay. Results: Phenolic permeation depended on
extract digestion. In males, IP showed a special time course of hepatic phenolics, whereas all extracts
decreased renal phenolics at 15 days. Extracts induced hepatic lipoperoxides at 15 days. LG reduced renal
hydroperoxides at 15 days and hepatic nitrites at 30 days, whereas AQB and IP reduced renal
lipoperoxides and nitrites at 30 days. In females, extracts reduced hydroperoxides, with LG and AQB also
reducing lipoperoxides. IP increased renal lipoperoxides at 30 days. Conclusion: IP was a relevant
phenolic source. Sex-dependent responses were found in all variables, which should be considered to
prevent misleading generalizations in phytodrug bioprospecting.
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Resumen

Antecedentes: Es posible obtener extractos vegetales que contengan compuestos bioactivos, aplicables
en la prevencion y el tratamiento de diferentes enfermedades. Esto apoya ademas el consumo de
infusiones como bebidas funcionales. No obstante, no se conoce completamente si estos extractos son
capaces de actuar como fuentes y vehiculos efectivos de compuestos fendlicos (fenoles/polifenoles) para
alcanzar sus blancos. Objetivo: Establecer si la ingestion de fitoextractos modifica de manera sexo-
dependiente la biodisponibilidad de fenoles y la respuesta redox en higado y rifion. Métodos: Ratones
BALB/C consumieron durante un mes 100 mg/Kg/d de extracto (derivado de infusién), proveniente de
Aspidosperma quebracho-blanco (AQB), Lantana grisebachii (LG) o llex paraguariensis (IP). Luego, se
analizaron por espectrofotometria fenoles, peroxidos y nitritos. Ademas, se evalué in vitro la absorcion de
fenoles de extractos digeridos y no digeridos con un ensayo que emplea yeyuno de rata. Resultados: La
absorcion de fenoles dependi6 de la digestién del extracto. En machos, IP mostré una curva temporal de
fenoles hepaticos, mientras todos los extractos los disminuyeron a los 15 dias. Los extractos indujeron
lipoperdxidos hepaticos. LG redujo hidroperédxidos renales a los 15 dias y nitritos hepaticos a los 30 dias,
mientras AQB e IP redujeron lipoperéxidos y nitritos en rifibn a los 30. En hembras, los extractos
disminuyeron los hidroperéxidos, con LG and AQB también reduciendo lipoperoxidos. IP incrementd
lipoperoxidos renales tras 30 dias. Conclusion: IP fue una fuente relevante de fenoles. Se hallaron
respuestas sexo-dependientes en todas las variables, lo que debe ser considerado para evitar
generalizaciones incorrectas en la bioprospeccion de drogas vegetales.
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Introduction

Polyphenols or phenolics are redox-active
compounds with health potential®®. They can be
provided as diet phytonutrients, phytodrugs and
phytoextract constituents®”. However, the last
source is empirically used worldwide without
further confirmation of its efficient role in phenolic
delivery. Thus, assessment of absorption,
distribution and activity acquires relevance to
support judicious pharmaconutritional
applications of plant derivatives, which are
subject to several physiological conditions®.
Previous reports determined that aqueous tea-
like extraction of three Argentinean plants
produces bioactive phytoextracts®®: Lantana
grisebachii Stuck. (Verbenaceae) (LG),
Aspidosperma guebracho-blanco Schitdl.
(Apocynaceae) (AQB), and llex paraguariensis A.
St.-Hil. (Aquifoliaceae) (IP). The last one is highly
consumed as tea by humans, mainly in
America”,

Also, metabolic organs are highly exposed to
these compounds given their involvement in
phenolic clearance®. This might affect redox
homeostasis of liver and kidneys, after
phytochemical delivery from extracts. Therefore,
redox stress of hepatic and renal tissues might be
a risk of phenolic over-exposure, leading to organ
damage and development of several chronic
diseases (e.g. metabolic syndrome, hepatic
dysfunction, renal failure, etc.)®?. Although they
have been extensively proposed as xenohormetic
agents®, their toxicity has been also reported in
accordance with dose and user
characteristics™*?. In this regard, vital conditions
can be determinant of phytochemical
bioavailability and effects"®. Hence, a sex-
dependent potential of the described phenolic-
providing extracts might be found in murine
organs implicated in kinetics of these compounds,
to extend knowledge about natural plant-based
resources and their health impact.

Materials and Methods
Phytoextract processing

Plant collection (location: 31°15'40" S, 64°27'50"
W; period: summer) and processing were
performed as previously done™. Briefly,
botanical identification and repository were
performed by the RIOC Herbarium (UNRC,
Argentina). The extracts were obtained from plant
aerial parts by a water-based photoprotected
thermoassisted method (1 g in 5 mL of 95°C
water for 1 h, with constant agitation, to reach
room temperature). The obtained infusions were
freeze-dried and their phenolic contents were

analyzed: LG (10.23+0.43 mg/g, 58.46% of
flavonoids), AQB (2.57+0.14 mg/g, 37.74% of
flavonoids), and IP (21.77+1.37 mg/g, 24.48% of
flavonoids). In order to simulate gastric digestion,
each phytoextract was incubated at 37°C for 1 h
after acidification with hydrochloric acid up to pH
2.0. Then, the reaction was stopped by
neutralizing with sodium bicarbonate solution up
to pH 7.4,

Phytoextract intestinal permeation

To assess gastric effects on intestinal permeation
of extract phenolics, permeability evaluation was
performed with digested and undigested extracts.
To do this, adult Wistar male rats (200-300 g)
bred and sacrificed under standard conditions
were euthanized with CO,. Intestines were rapidly
removed to separate the jejunum and wash it with
cold pH 7.4 Krebs buffer. Then, it was stored in
the same solution, which was continuously
gassed with CO,/O, (5/95) mixture. Pieces of
approximately 2 cm were opened along their
mesenteric border. After that, each section was
mounted in an Ussing chamber (Multichannel
Ussing Chamber EASY MOUNT-2400,
Physiologic Instruments ®, USA) as flat sheets
on a segment holder, with an exposed area of 0.5
cm?. Five mL of Krebs buffer were added to each
compartment of chambers and the solutions were
gassed. The chambers were maintained at 37°C
by water jackets. Before and during the
experiment, membrane integrity was monitored
by measuring transepithelial electric resistance
and voltage with electrodes at both sides of the
membrane (Multichannel ~ VCC MC6-6S
(Physiologic Instruments ®, USA) connected to
the software Acquire & Analyze 2.0). Resistance
values 240 Q were the viability criteria®®. After a
15 min stabilization period, total volume of the
donor chambers was replaced with the
corresponding extract solutions, which were
dissolved in pH 7.4 Krebs buffer™, with a final
concentration of 50 mg/mL. After 20 min, a 200
pL aliguot was taken from the acceptor chamber
and quantified according to the Folin-Ciocalteu
technique (described below). Results were
expressed as absolute pg/mL of total phenolics
and their percentages in acceptor chamber
respect to the donor one.

In vivo conditions

As previously done™ ¥ 2-month-old BALB/C
mice of both sexes were treated and sacrificed
according to EU Directive 2010/63/EU for animal
experiments. Animals were bred under standard
laboratory conditions and fed ad libitum with
commercial diet (200+13 g/kg/day; Cargill SACI,
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Argentina) and potable water (15010
mL/kg/day; Aguas Cordobesas SA, Argentina).
Forty eight animals were separated into two time
groups: 15 and 30 days, to be treated with a
solution prepared from the rehydrated extracts of
AQB, LG or IP (extract dose: 100 mg/kg/day
equivalent to ~1.5 L/day of human intake), with a
control group which did not receive additional
treatments for the corresponding comparisons
(C). The extract solutions were administered to
the animals daily intrabuccally during four weeks.
Thus, 3 females and 3 males received each
extract for each time. General status, weight,
food, and water consumption were controlled
weekly. After mice sacrifice, kidneys and liver
were taken and weighed. These organs were
mechanically homogenized and extracted (0.1 g
of tissue in 1 mL of 60% methanol and 2.5%
trichloroacetic acid, for 30 minutes at 50°C) to
assay tissue content-standardized organic
parameters.

Measurement of redox-related compounds

Total phenolics were measured in murine tissues
and intestinal permeation samples according to
the Folin-Ciocalteu technique. Briefly, the
samples were mixed with 2 N Folin reactant,
water, and saturated sodium bicarbonate solution
(1:1:6:2 viviviv), and incubated for 30 minutes in
darkness at 37°C. Absorbance was measured at
750 nm to calculate concentrations using a
standard curve of gallic acid (5-160 pg/mL)***¥),
Hydroperoxides and lipoperoxides (AHP and
LHP, respectively) were analyzed in murine
tissue homogenates. Briefly, samples were mixed
with a xylenol orange-based reactant (1:10 v/v),
and incubated for 30 min. Then, standardized
peroxides concentrations were expressed as 560
nm absorbance percentage respect to control®.
Nitrites are markers of nitric oxide production.
Briefly, samples were mixed with Griess reactants
A (0.1% naphthylethylenediamine
dihydrochloride) and B (1% sulphanilamide in 0.1
N HCI) (1:1:1 v/viv) for 15 min before reading at
550 nm“®. Concentrations were calculated from
a sodium nitrite standard curve to be expressed
as % of control.

Statistical analysis

Data were expressed as mean * standard error
from three separate experiments performed in
triplicate. ANOVA models were used to evaluate
differences of variables among treatments. Then,
the Tukey test was used for mean comparisons,
considering a significant level of p<0.05.
Regressive models were used to study time-

dependent changes. Associations were assessed
by path analysis in the InfoStat 2012 software.

Results
Phenolic permeability

Absolute permeation of phenolics was similar for
the three undigested extracts (IP, LG and AQB)
despite of their different phenolic concentrations.
However, they responded differently after
simulated digestion. Thus, digestion decreased
phenolic permeation from AQB extract (3.91+0.53
vs 0.42+0.01 GAE pg/mL, for undigested and
digested extract respectively) (p<0.05), but it did
not modify LG outcomes (03.61+0.03 vs
02.01+0.14 GAE pg/mL pre and post digestion).
Contrarily, this process increased permeation of
IP phenolics, which amounted 04.08+0.14 to
11.58+0.62 GAE pg/mL after digestion, to reach
the highest amounts (p<0.05).

Phenolic availability

Liver: Time curves of phenolic level showed
similar patterns in the three experimental groups
(IP, LG and AQB) in a sex-dependent manner.
Nonetheless, male IP outcome at 30 days
deviated from the other treated groups (Figure 1A
and 1B).

Kidney: It was found a transient decrease of
phenolics from IP, LG and AQB in males at 15
days (p<0.05), without other changes seen in
both sexes (Figure 1C and 1D).
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Figure 1. Total phenolics in murine liver (A: female, B: male) and kidneys (C: female,
D: male) treated with 0 mg/kg/day or 100 mg/kg/day of each infusive extract (A.
quebracho-blanco, L. grisebachii, or I. paraguariensis). Mean + SE were expressed

as percentage respect to control (* p<0.05).

Peroxides

Liver: In males, production of hydroperoxides
were unaffected by IP, LG and AQB. Hepatic
lipoperoxides were induced by these extracts
after 15 days (p<0.05), with a recovery after 1
month. This reduction was lower in case of IP
(p<0.05). On the other hand, the three treatments
reduced hydroperoxides in females after a month
(p<0.05). LG and AQB also reduced
lipoperoxides (p<0.05) (Figure 2A).

Kidney: In males, LG reduced hydroperoxides
respect to C after 15 days (p<0.05), but this effect
was not observed after 1 month. AQB and IP
reduced renal lipoperoxides after 1 month intake
(p<0.05). In females, LG and IP increased
lipoperoxides in kidneys after 1 month (p<0.05).
Other effects were not found (Figure 2B).
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Hydroperoxides

Figure 2. Hepatic (A) and renal (B) peroxidation in BALB/C mice treated with 100
mg/Kg/day of each plant extract vs. control (without treatment). Means + SE were

expressed as percentage respect to control (*p<0.05).

Nitrites

Liver: In males, LG decreased nitrites after 1
month (p<0.05), whereas AQB and IP did not
modify this parameter. Females did not show any
response to treatments (Figure 3).

Kidney: In males, AQB intake reduced nitrites at
15 and 30 days, and IP showed the same effect
after 1 month (p<0.05). Females did not respond
to treatments (Figure 3).

Revista de la Facultad de Ciencias Médicas 2017; 74(4): 338-344

341

Lipoperoxides

15Days |30 Days | 15 Days | 30 Days | 15 Days |30 Days | 15 Days | 30 Days

B



Phenolic availability and redox response.

150 -

100

Nitrites (%o)
~J1
W

50

0

FEMALES

MALES ‘
KIDNEY ‘

MALES ‘ FEMALES
LIVER ‘

OControl QL. grisebachii BA. quebracho-blanco MBI paraguariensis

Figure 3. Hepatic and renal nitrites in BALB/C mice treated with 100 mg/Kg/day of
each plant extract vs. control (without treatment). Means + SE were expressed as
percentage respect to control (*p<0.05).

Discussion

Plants are suitable sources of bioactive
compounds by optimal infusion extraction, which
can be taken advantageously by pharmaceutical
and health approaches™. Given that
phytochemical properties involve different factors
in vivo, kinetic and dynamic studies are required.
Among phytochemicals, phenolics are a major
group, and their biomedical properties depend on
plant taxa and environmental conditions. Thus,
bioprospecting of new candidates, such as A.
guebracho-blanco, L. grisebachii and |I.
paraguariensis, included assessment of phenolic
permeability and availability. These plants were
selected in accordance  with  previous
researches*?9,

The studied plant extracts showed differential
phenolic permeability with a higher passage of IP
compounds after simulated gastric digestion. In
this sense, it is well known that molecular
structures of free and conjugated forms have
different  capacites to be  absorbed®.
Unpublished data indicate that LG contains heavy
molecules (e.g. iroids) and minor glycosides,
AQB contains hydroxybenzoic derivatives,
whereas |IP contains quinic derivatives and
elevated polyphenol glycosides, which release
aglycones after digestion to be better
absorbed®. In contrast, acid digestion of AQB

and LG extracts did not improve permeation,
given their lower content of glycosides and the
presence other compounds, which are
incorporated as non-hydrolyzed forms®*2%.

After absorption, phenolic compounds arrive at
metabolic organs, such as liver and kidney, to be
excreted after completing the enterohepatic
cycle®®. Given the high hepatic metabolism, low
phenolic permeation does not allow these
phytochemicals to be accumulated in liver, as in
the case of AQB and LG. Oppositely, the
elevated permeation of digested IP phenolics
favoured their hepatic accumulation after
exposure, which is regulated by metabolizing
enzymes in a sex-dependent manner®2®).,

When phenolics arrived at kidney, they can
scavenge peroxides leading to reciprocal
diminution®”. This was confirmed by results
found at 15 days of treatment in the present work.
Complementarily, plant compounds can induce
their excretion, which is reported for the three
genera: llex®®, Lantana®, and Aspidosperma®®.
These effects were temporary with later
normalization of parameters at 30 days, showing
acquired tolerance to treatments®®.

Under the assayed conditions, intake of three
phytoextracts induced hepatic lipoperoxidation in
males at 15 days, which recovered at 30 days. In
accordance with our results, outcomes were not
specifically related to phenolic content. In this
regard, an overload of xenobiotics could lead to
oxidative and lipid disturbances in liver®?, which
demanded a metabolic enhancement in order to
counteract it®), with males being highly
susceptible to these compounds®. Given the
upper lipoperoxides found at 15 days respect to
those at 30 days in both sexes, initial response
might depend on phase | enzymes, which can
trigger oxidative stress®?,  whereas later
response might involve phase Il detoxifying
enzymes®?¥  This fact was according to the
redox profile found in female mice, as they exhibit
higher activities of phytochemical-metabolizing
enzymes (e.g. UDP-glucuronosyltransferases 1al
and 1a5)®¥. Thus, females take advantage of
antioxidant phytochemicals at low doses®.
Regarding renal redox status, IP and LG induced
lipid peroxidation in females at 30 days. In
contrast, IP and AQB reduced lipoperoxides in
males. Sex-dependent differences are well-
known and are determined at both
pharmacological levels: kinetics and dynamics®?.
These effects might depend on non-phenolic
molecules present in the extracts, which
differentially compromise redox homeostasis of
kidney. In consequence, further studies are
encouraged to confirm it. In this sense, these
plants contain chemical stressors, such as
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benzopyrene, alkaloids and lantadenes®, as
well as antioxidants (e.g. vitamins)©®.

On the other hand, nitrosative stress is a
deleterious condition for cells and tissues, and its
modulation has been proposed in prevention of
chronic diseases®”. In the present work, extracts
maintained normal levels in liver and kidney of
nitrites (nitrosative markers), or even reduced
them®. About this, antioxidant phytochemicals
cause down-regulation of inducible nitric oxide
synthase, which is the precursor of these
markers®®. Furthermore, nitrite decrease was
related to modulation of lipid peroxidation in
males, thus indicating their involvement in tissue
stress, with this relation being proposed®®?.
Also, males responded more than females to
regulation by phytoextracts, as previously
established®?,

Conclusion

Lantana grisebachii, Aspidosperma quebracho-
blanco and llex paraguariensis represent possible
sources of phenolic compounds. In this regard,
digested |. paraguariensis provided higher
amounts of permeated phenolics to be
assimilated by organism. Also, extracts were
related to an appropriate nitrosative state and to
sex-dependent redox activities in liver and kidney.
Overall, results confirmed phenolic delivery, and
promote bioprospecting of plant derivatives with
health value.
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