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l. ABSTRACT

Tuberculosis is an emergency disease worldwide, the emergence of resistant strains to the
treatment has produced the use of natural products as alternative. Studies have shown that
Leucophyllum frutescermxtracts present antimicrobial effect, but the disadvantage is that
the extracts are recovered in a vehicle that contains organic solvents. The preparation of
polymeric nanoparticles (NP) involves the elimination of the solvent in which the active

is solubilized, which makes possible to use them as vehicles for the administration of the
extracts. Therefore, the aim of this study was to design and develop formulations of NP
with an extract ol. frutescensand rifampicin (RIF), in order to evaluate timevitro
biological activity againsM. tuberculosis Firstly, the methanolic extract of leaves and

roots ofL. frutescensand its fractions were obtained. The avitituberculosisactivity

was determined, being the root extract (EMR) and its hexane fractions (FHR and RF1) the
most actives with a MIC of 100, 40 and 49mL, respectively. RIF, EMH, FHR and RF1

were incorporated into NP by nanopteE LWDWLRQ 13 RI 8§ QP ZLWK KR]|
distribution were obtained. The NP were evaluatedMntuberculosis being the
formulation of NP-PLGA-RIF (MIC=0.10g/mL) andNP-PLGA-RF1 (CMI=80 g/mL)

with better activity. Finally, the anM. tuberculosisactivity of the combined form
formulations was evaluated, the combination of RIF with NP-PLGA-RF1 produced better
behavior, reducing the MIC of both without showing toxic effect. The studies carried out

in this work showed the potential use of an NP formulation contains a vegetable fraction
of L. frutescensn combination with RIF as an alternative agaMstuberculosis

Il. RESUME

La tuberculose est une maladie d'urgence dans le monde, l'apparition de souches
résistantes au traitement a produit |'utilisation de produits naturels comme alternative. Des
études ont montré que les extraits ldmucophyllum frutescengrésentaient un effet
antimicrobien, mais l'inconvénient est que les extraits sont récupérés dans un véhicule qui
contient des solvants organiques. La préparation de nanoparticules polymériques (NP)
implique I'élimination du solvant dans lequel I'actif est solubilisé, ce qui permet les utiliser
comme véhicules pour lI'administration des extraits. Par conséquent, le but de cette étude
a été design et développer des formulations de NP avec un extrait.ddrutescenst

de la rifampicine (RIF), afin d'évaluer l'activité biologiqoeitro contreM. tuberculosis
Premierement, I'extrait méthanolique de feuilles et de racinds fleitescenset ses
fractions a été obtenu. L'activité conlfle tuberculosisa été déterminée, I'extrait de
racines (EMR) et ses fractions hexanique (FHR et RF1) ont été les plus actives avec une
CMI de 100, 40 et 40g/mL, respectivement. RIF, EMH, FHR et RF1 ont été incorporés
dans NP par nanoprécipitation. Des NP 880 nm avec une distribution de taille
homogene ont été obtenus. Les NP ont été évaluédk sulbberculosisles formulations

de NP-PLGA-RIF (CMI=0,10 g/mL) et NP-PLGA-RF1 (CMI=80g/mL) ont montré la
meilleure activité. Finalement, l'activité des formulations combinées ddntre
tuberculosisa été évaluée, la combinaison de RIF avec NP-PLGA-RF1 a pieduit
meilleur comportement, réduisant la CMI des deux sans montrer un effet toxique. Les
études réalisées dans ce travail ont montré l'utilisation potentielle d'une formulation de NP
contient une fraction végétale de frutescensen combinaison avec le RIF comme
alternative contr@. tuberculosis



. INTRODUCTION

1. Tuberculosis

Tuberculosis (Tb) is an infectious disease caused/pgobacterium tuberculosis
(OMS, 2018), which is an acid-fast bacillus. It particularly affects the lungs, developing
pulmonaryTb (Ruiz-Manzancet al, 2008).Since 1993, it is considered by the World
Health Organization (WHOAsan emergency disease worldwide. In 2016, 10.4 million
people became ill with tuberculosis and 1.7 million died from this disease (OMS, 2018).

The current therapeutic scheme against Th is based on the administration of four first-
line antibiotics: isoniazid (INH), rifampicin (RIF), pyrazinamide (PZA) and streptomycin
or ethambutol, for 6 months (WHO, 2005). Specifically, RIF is the only bactericidal drug
that has activity on different populations that the bacteria present in the organism.

One limitation of the treatment is that, due to its long duration many patients do not
follow it adequately, which causes the appearance of drug-resistant strains. Therefore, to
improve the pharmacological therapy and evade the resistance of the agent, it is urgent to
find alternatives that reduce the time of treatment, or substances with a mechanism of

action different to the existing drugs.

2. Natural Products

The plants have been used in traditional medicine to treat several diseases. WHO
estimates that in many developed countries, from 70 to 80% of the population has resorted
once to some form of alternative or complementary medicine (OMS, 2008).

Research in natural products has grown in recent years, numerous medicinal plant
compounds that exhibit bioactivity have been described, including antimycobacterial
activity (Camacho-Coronet al, 2009).

For this reason and in response to the urgency of obtaining new drugs against strains
of M. tuberculosisseveral studies based on natural products have been developed. Some
plants of the north of Mexico have been evaluated with favorable activity, among them,
extracts ol_eucophyllum frutescensommonly name¢ FHQ.L]R"

In the study by Molina-Salinas et al., extractd ofrutescensagainst drug-resistant
and drug-resistant strains Bf. tuberculosiswere tested. The extract of the leaves and



roots were obtained by maceration. The evaluation by microdilution in broth showed an
activity of the root extract of 62.53/mL, for the sensitive and the resistant strain. For the
leaves, a MIC of 125g/mL was obtained. This study supports that, the selection of plants
by ethnobotanical criteria increases the possibility of finding species with activity, not
only againstM. tuberculosis but also against other microorganisms (Molina-Saletas
al., 2007)

However, the disadvantage of the use of extracts is that they are recovered in vehicles
containing organic solvents, therefore their applicatiovivois not viable.

To overcome these limitations, new strategies have been proposed, including the use
of polymeric nanoparticles (NP) as a vehicle for the administration of plant extracts.

3. Polymeric nanoparticles

NP (Figure 1) are particles of less than 500 nm in diameter that are prepared from
natural or synthetic, biodegradable or non-biodegradable polymers. Drugs, proteins,
peptides or nucleotides can be incorporated into these polymeric systems for their

therapeutic application.

NANOCAPSULES NANOESPHERES

Polymeric coating Aqueous or organic nucleus Polymeric matrix

Drug Drug

Figure 1. Structure of polymeric nanopatrticles.

Among the features that stand out from these colloidal systems include the protection
of the active, the targeting to an organ or cell and the sustained release of the encapsulated
compound (Martinez Rivaat al, 2017),this last virtue allows to reduce the frequency of

treatment dose. On the other hand, the preparation of NP involves the elimination of the



solvent in which the active is solubilized (Figure 2), resulting in the encapsulation of the
active compounds, free of organic solvents.

An additional advantage of NP is related to the versatility in their administration,
depending their compositioNlP can be applied topically (Martinez Rivas et al., 2017),
oral or parenteral (Pilheet.al, 2007).

Therefore, it is important to note that NP are a potential vehicle to increase the
antimycobacterial activity of drugs used in the treatment of tuberculosis and to transport

natural extracts that can not be administered directly to the body.

"-"'E,-‘:\\ Organic phase (active)

6:‘::—{’}? Solvent
evaporation

Aqueous phase -

NANOPARTICLE
FORMULATIONS

MNANOPRECIPITATION

Figure 2. Preparation of polymeric nanoparticles by nanoprecipitation.

4. Encapsulation of natural compounds in polymeric nanopatrticles

In recent years the interest in the encapsulation of plant extracts or derivatives has
increased. An example of this, is the encapsulation of resveratroet\éhoncorporated
the compound in chitosan NP with free amino groups on the suii&cbad a particle
size of 487 nm and an polydispersity index of 0.144; in addition, chitoBashbiwved
sustained release vitro (Yao et al., 2006).

In another study, Uthamaet al. extracted boswellic acid from the rubber resin of
Boswellia serrataThe volumetric analysis showed a total of boswellic acid in the extract
of 60%. Subsequently, formulations of NP were formulated with boswellic acid
nanoprecipitation metho®lP had a diameter of 259 nm and a Z potential of -42.88 mV.
In vitro cytotoxicity assays were performed with different cancer cell l{jpascreas,

brain, prostate and melanoma). The PC3 prostate cancer cell line showed favorable



cytotoxicity percentages. Therefore, they concluded that NP formulations containing
boswellic acid can be used as potential anticancer agents in the treatment of prostate
cancer (Uthamaat al, 2012).

5. Drugs for the treatment of tuberculosis loaded in polymeric nanoparticles

Different studies have verified the protective properties (Calleja-Avellenaill,
2003), targeting (Yolandgt al, 2010) and sustained release (Maksimegikal., 2010)
from NP containing first-line drugs of the tuberculosis treatment, including IR#F-.
improved the bioavailability of the drugs and reduced the frequency of the dose (Pandey
et al, 2003; Pandey y Khuller, 2006). In addition, there are several works that showed an
effect againstM. tuberculosiswhen they are encapsulated in NP. An example was
observed in the study conducted by Yolargtyal, who demonstrated targeting of
isoniazid (INH) in nanoparticulate delivery systeris.vitro tests were performed on
THP-1 and U937 monocyte-macrophages and microscopic analysis showed that targeting
was achieved. After 1 and 2 days of exposure of INH loaded NP, a significant inhibition
in the growth of the microorganism was observed, but with a reduced value in the
toxicity/efficiency ratio compared with free INH (Yolandyal, 2010). And, Booyseet
al. proved that RIF and INH loaded NP have activity against the strddn toberculosis
H37Rv. In addition, they carried out the oral administration of the formulations in mice
and observed a sustained release of the drugs for 7 days. They also determined the
distribution of RIF and INH in the liver and the lungs for up to 10 days. With these results,
they conclude that NP containing drugs for the treatment of tuberculosis have the potential
to improve Tb chemotherapy (Booysetral, 2013).

Therefore, the incorporation of plant compounds in NP as well as a first-line drug such
as RIF is a promising alternative. In this context, the present work focused on the
encapsulation of the extract and the fractionsLoffrutescensin NP to generate a
phytomedicine, as well as the incorporation of RIF, with the purpose of improving the

activity against M. tuberculosis, and thus, proposing them as treatment for tuberculosis.



V. JUSTIFICATION

Tb is considered since 1993, by WHO, a worldwide emergency disease. One of the
main causes of the great number of deaths, reported each year because of this disease, is
due to the resistance that the bacillus strains have acquired in consequence to the
inadequate monitoring of the treatment.

For this reason, it is urgent to find alternatives that reduce the treatment time and
actives with a mechanism of action different from the existing drugs, to treat resistant
strains. In recent years, natural products have been studied for the molecules with
biological activity it contains, but their application is limited to the presence of organic
solvents with which extracts are recovered.

NP are a vehicle of biologically active compounds that offers multiple advantages
among them, the removal of the organic solvents in which the active compounds are
dissolved. Therefore, the incorporation of plant compounds in NP is a promising
alternative. In addition, NP provide sustained release to the encapsulated compound,
making possible to reduce the dose frequency.

In this context, the present work is focused on incorporation of extracts and fractions
of Leucophyllum frutescergant to generate a phytomedicine, as well as encapsulation
of RIF, in order to enhance the activity agailkttuberculosisand propose them as

treatment fofb.

V. HYPOTHESIS

The encapsulation of an extract or fractiorLofrutescensand rifampicin in polymeric

nanoparticles allows the enhancement of the activity agdinstberculosis

VI. GENERAL OBJECTIVE

To design and develop NP formulations based on an extract or fractiorfratescens

and RIF, in order to increase their biological activities agaihsuberculosis



VIl.  SPECIFIC OBJECTIVES

o To obtain the methanol extracts of leaves and rodts fofitescendy maceration

and sonication and carry out the fractionation.

o To develop a chromatographic method validated by CLAR in order to characterize

the extracts and their fractions and obtain their chromatographic profiles.

0 To encapsulate the extracts and active fractions by nanoprecipitation technique in
NP and perform their physicochemical characterizations according to the size,
polydispersity index (PDI), zeta potential, surface morphology, drug loading and

encapsulation efficiency.

o To encapsulate RIF in NP by nanoprecipitation technique and perform their
physicochemical characterizations according to the size, PDI, zeta potential,

surface morphology and incorporated compounds.

o To evaluate then vitro biological activity of the NP formulations oM.
tuberculosis as well as to determine the synergistic effect of the drug and the
vegetable samples, free and encapsulated.

o To evaluate the toxicity of NP formulations with better antimycobacterial

activities.



CHAPTER 1. RIFAMPICIN AND Leucophyllum frutescens
ENCAPSULATION IN BIODEGRADABLE POLYMERIC
NANOPARTICLES AND THEIR BIOLOGICAL EVALUATION

AGAINST Mycobacterium tuberculosis

ABSRACT

Tuberculosis (Th is an emergency disease worldwide, causedMygobacterium
tuberculosis.For its treatment four first-line drugs are administered; however, the
emergence of resistant strains has led to the promising use of natural products as an
alternative to combat the disease. Studies show that several plant extracts have action
againstM. tuberculosis such asLeucophyllum frutescensThe disadvantage of the
extracts is that they are recovered in vehielegrganic solvents, which makes difficult

its applicationin vivo. The preparation of polymeric nanoparticles (NP) involves the
elimination of the solvent in which the active is solubilizédyakes possible to use them

as vehicles for the administration of extracts. While, RIF an antibiotic used in the
treatment, is a model for the incorporation in NP. The objective of the present work was
to formulate NP with the extract and fractiond_ofrutescensnd to evaluate its activity
againstM. tuberculosign order to propose its use asadjuvant of the antituberculies

drug RIF. In parallel, a formulation of RIF loaded NP was developed with the aim of
improving the therapeutic performance of the drug. Firstly, chromatographic profile of
methanol extracts of leaves and roots and their fractiohs fofitescensvere obtained by

HPLC. For leaves, four peaks-components were appreciated, for roots seven peaks-
components were appreciated. The screeningatifanol extracts of leaves and roots and
their fractions for antM. tuberculosisctivity revealed that the best activities were shown

with the extract of roots (EMR) and the hexane fractions (FHR and RF1) with a MIC=100,
40 and 40 g/mL, respectively. Subsequently, EMR, FHR, RF1 and RIF were
encapsulated. NP had sizes between 140 and 190 nm, with homogeneous distributions and
negative zeta potential. Then, the formulations were testeM.otuberculosis The
formulation of RIF with the best activity was PLGA-PVAP with a MIC of 0.10 g/mL
compared with the free drug that showed a MIC of 0.§0nL. While, among the
vegetable samples, were the formulations of FHR-PINFPand RF1-PLGA-NP which

7



presented the best activities with a MIC of &JImL for both. An assay combining free
actives and formulations and were carried out. The combination of RIF and RF1-PLGA-
NP reduced the MIC for both cases. Finally, the toxicity was measured by hemolysis, the
results showed that EMR, FHR, RF1 free and formulated produced hemolysis but there is
no presence of hemolysis with the combination of RIF and RF1-PNBAR this study,

NP formulations containing RIF, active extract or active fractions blitescensgainst

M. tuberculosiswere developed, finding promising the use of RF1-PLGA-&H°

coadjuvant of the antituberculissdrug RIF.



INTRODUCTION

Tuberculosis (Tb), since 1993, is considered by the World Health Organization as an
emergency disease worldwide. In 2016, 10.4 million people became ill with tuberculosis
and 1.7 million died (OMS, 2018). Four first-line antibiotics are administered to treat the
disease, including rifampicin (RIF). However, the daily administration of the drugs for
more than 6 months orally (NOM NOM-006-SSA2-1993).

One limitation of the treatment is its long duration, patients do not follow it adequately,
which causes the appearance of resistant strains to the drugs. Therefore, to improve drug
therapy and to evade the resistance of the agent, it is urgent to find alternatives that reduce
the time of treatment or find substances with a different mechanism of action from the
existing drugs.

Plants have been used in traditional medicine to treat different diseases. WHO
estimates that 70 to 80% of the population has ever resorted to one or another form of
alternative or complementary medicine (OMS, 2008). The phytochemical study has
grown in recent years and have been described numerous compounds obtained from
medicinal plants that exhibit biological activity, including antimycobacterial activity
described (Camacho-Coroagal, 2009).

For this reason, and in response to the urgency of obtaining new treatmentshdgainst
tuberculosisstrains, natural products studies have been developed. Several plants in
northern of Mexico have a favorable activity against this bacterium. Particularly, the
extracts ofL. frutescengplant, commonly known a8 F H Q Lyé&é found among those
that presents best activity.

Molina-Salinaset al, evaluated the methanol extract from leaves and roots of
frutescenson the sensitive and multi-drug resistant strainvioftuberculosis Leaves
extract had no activity on the sensitive strain, whereas, in the resistant multi-drug strain
showed a MIC of 125 pg/mL. Roots extract had a MIC of 62.5 pg/mL in both strains
(Molina-Salinas et al., 2007).

However, the disadvantage of this type of extracts is they are recovered in vehicles
that contain organic solvents, thus their applicatiovivois not viable. To overcome this
limitation, new strategies have been proposed such as polymeric nanoparticles (NP) use.
NP are systems that present sustained release allowing the reduction of the frequency of



treatment doses; in addition, NP confer to the active: prote¢Won et al, 2011),
targeting to specific tissues and controlled delivery (Maksimenlkad, 2010; Pandey y
Khuller, 2006). For example, Ya al, carried out studies about the release of resveratrol

(a compound present in grapes) incorporated in chitosan nanopatrticles, the results showed
that the nanoparticles had a sustained release and, therefore, a reduction in the frequency
of the dose (Yaet al, 2006).

Antitubercular drugs have also been incorporated in NP for the enhancement of their
activities. Booysemt. al.encapsulated RIF and isoniazid (INH) in polylaciteglycolic
acid (PLGA) NP covered with polyethylene glycol (PEG) by the double emulsion
technique and spray drying. They obtained nanopatrticle sizes froto 2380 nm with
zeta potentials of +12.45mV and the encapsulation efficiencies for RIF and INH were
68.48 and 55.2%, respectively. In addition, they proved that RIF loaded NP had activity
against the strain d@fl. tuberculosifH37Rv. On the other hand, they carried out the oral
administration of a dose of the formulations in mice and observed a sustained release of
the drugs for 7 days and biodistribution of RIF in the liver and INH in the lungs after 10
days. With these results, they concluded that PLGA NP containing antituberculos
drugs have the potential to improve Tb therapy (Boogseh, 2013). For this reason,

RIF being an antibiotic used in the treatment of Tb, is a model drug for its incorporation
into NP.

The promising use of extracts or fractions is accompanied by the term
biocompatibility. Two aspects that should be considered in the study of sample
compatibility are: cytotoxicity and hemocompatibility. Knowing this last aspect, extracts
or non-toxic fractions can be proposed for the use in an organism.

The aim of the present work was to take advantage oMaritiberculosisactivity that
presents the extracts and fractions fronfrutescengplant to formulate them in NP in
order to make viable its application agaiittuberculosisIn addition, the combined
effect of extracts and fractions free and encapsulated was evaluated to propose the use of

an extract or fraction df. frutescenss coadjuvant of the antituberculosis drug RIF.
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MATERIALS AND METHODS

Preparation of Leucophyllum frutescenextractsand their fractions

Leaves and roots df. frutescensvere collected in Monterrey, N. L., Mexico in
July 2013. Consequently, the plant material was washed, dried at room temperature and
pulverized. 50 g of powdered leaves or roots were weighed, 350 mL of methanol was
added. The extracts were obtained by ultrasound (Ultrasonic Cleaners, VWR Symphony,
USA). For a period of 1 h, the temperature for the extraction was increased from 25 to 60
°C, once reached 60 °C, three cycles of 10 min of sonication and 10 min of rest were
performed. Subsequently, the samples were filtered to obtain the solvent, which was
evaporated under reduced pressure (Laborota 4003 control, Heidolph) in order to obtain
the methanol extract of leaves (EMH) and roots (EMR).

With respect to the fractionation of the extracts, two methods were used. In the
method 1, EMH was solubilized in methanol, it was placed in a separatory funnel and
hexane was added; subsequently, both solvents were mixed and the hexane part was
recovered and evaporated under reduced pressure in order to obtain the hexane fraction
(FHH). The same procedure was followed with the EMR in order to obtain the hexane
fraction from roots (FHR).

In the method 2, hexane was added to the EMH and stirred to aid the solubilization
of the compounds related to the solvent, then, it flesed to obtain the solvent and
evaporated obtaining the hexane fraction called HF1. Chloroform was added to the solid
insoluble in hexane, stirred, filtered to obtain the solvent with the compounds related to
chloroform and evaporated obtaining the chloroformic fraction (HF2). This procedure was
repeated with other solvents of higher polarity (ethyl acetate, ethanol and methanol) in
order to obtain the HF3-HF5 fractions.

The fractionation method 2 was also performedhe EMR, identifying the
obtained fractions as RF1-RF5. The yield (%) of the extracts and the fractions were

calculated according to equations 1 and 2, respectively:

F71 -8% &L RARYIIE gy 'S
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where, WixiractiS the weight (g) of the obtained extract once the solvent is evaporated,
Whiantis the weight (g) of the dried and powdered leaves or roots:idpis the weught

(g) of the obtained fraction once the solvent is evaporated, aadMg the weight (g) of

the extract for the fractionation.

Chromatographic analysis of the extracts and fractions ofeucophyllum frutescens

For the obtaining of the chromatographic profile of the EMH, EMR and fractions,
the samples were dissolved separately in acetonitrile (J. T. Baker, USA)/methanol (Tedia,
USA), each solution was filtered through a O0.45filter (Millipore, USA) to be analyzed
by HPLC (VARIAN 9065, 9012, ProStar 410, USA).@\ Q H U J InfFFusion-RP 80 A
(150 mm x 2.0 mm x 4m) column, a flow of 0.2 mL/min and 30 °C was used. The mobile
phase was formic acid (purity: 90%, Millipore, USA) at 0.1% v/v and methanol with an
isocratic elution of 45:55 for 40 min for leaves and 60 min for roots. The profiles were
detected at=215 nm.

Chromatographic analysis of rifampicin

The RIF analysis (Sigma-Aldrich, USA) was carried out by HPLC using a Zorbax
Eclipse XDB-C18 (150 mm x 2.1 mm x 5 pm) column, with a mobile phase formed by
acetonitrile and water at 0.1% v/v of formic acid with an isocratic elution of 60:40 with a
flow of 0.35 mL/min at 30 °C and at334 nm.

Preparation of the calibration curve and method validation for the quantification of
rifampicin

For the quantification of RIF a stock solution in acetonitrile was prepared. From
WKLV VROXWLRQ WKH ZRUNLQJ VROXWLRQV ZHUH SUHS
ILOWHUHG WKURXJK D P P HdarEead D@ by HPKGHtoDIRANO \V LV .
the calibration curve.

The chromatographic method was validated through the variables: linearity, limit

of detection (LOD) and limit of quantification (LOQ) according to the International
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Conference on Harmonization (ICH). For the establishment of the linearity, the calibration
curve was prepared and analyzed in triplicate. The LOD and LOQ were calculated by the

following equations:

uau é
co¢t” Tf—%F .. —c¢'sL— u,
5
A . sr é
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where éis the standard deviation of the response and S is the slope of the calibration
curve.

The repeatability was established with three levels of concentration, six times each
one the same day, while the reproducibility was obtained with three levels of

concentration, six times each one in two different days.

Preparation of the calibration curve of the methanol extract from roots and their
hexane fractions ofLeucophyllum frutescens

For the quantification of the plant samples in NP, calibration curves of the EMR,
FHR and RF1 were prepared. The samples were prepared in a mixture of
acetonitrile/methanol at a concentration of 600700 g/mL, the solution was filtered
through a 0.45m filter to be analyzed by HPLC.

6\ Q H U J LmiEusion-RP 80 A (150 mm x 2.0 mm x #) column was used.
The mobile phase was formic acid at 0.1% v/v and methanah isocratic elution of
45:55 for 60 min with a flow of 0.2 mL/min, 30 °C and a20 nm.

The chromatographic method for the sample RF1 was validated through the
variables: linearity, LOD and LOQ according to the ICH.

Encapsulation and characterization of rifampicin, methanol extract and hexanic
fractions of Leucophyllum frutescensoots in biodegradable polymeric nanoparticles
Four different formulations of RIF loaded NP were prepared by the

nanoprecipitation technique proposed by Fesgsal. (Fessi et al, 1989). Briefly, the
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organic phase was prepared containing polylactic acid (PLA; PURASORB) or polylactic-
co-glycolic acid (PLGA; MEDISORB 85 15 DL) and 2 mg of RIF in 3 mL of a mixture

of solvents (acetone:methanol). The organic phase was added to 10 mL of an aqueous
phase, containing polyvinyl alcohol (PVAL) (Clariant, Mexico) or Lutrol F127 (BASF)

as a tensoactive agent at a concentration of 1% (w/w).

Then, the organic solvent was evaporated under reduced pressure. In this way, four
formulations of RIF loaded NP were obtained. The NP characterization was carried out
determining the particle size and polydispersity index (PDI) by dynamic light scattering
(Zetasizer Nano ZS90, Malvern Instruments, UK). The zeta potential was measured by
electrophoretic light scattering (Zetasizer Nano ZS90, Malvern Instruments, UK).

Two different formulations EMR, FHR or RF1 in NP were prepared by the
nanoprecipitation technique. The organic phase was prepared with the particle-forming
polymer, 20 mg of PLA or 15 mg of PLGA, and the plant sample (8 mg for EMR or 4 mg
for FHR or RF1) in solvent mixture (acetone: methanol). The organic phase was added to
PVAL at 1% w/w in constant stirring. The NP characterization was carried out by
determining the particle size, PDI and zeta potential.

To determine the drug loading and encapsulation efficiency (%L and %EE), the
NP formulations were centrifuged at 25,000 rpm (Allegra 64R, Beckman Coulter, USA),
the supernatant was decanted, and the pellets were lyophilized (Freeze Dry System,
LABCONCO, USA). The lyophilized NPwere dissolved in acetonitrile for NP-RIF and
acetonitrile:methanol for NP-EMR, NP-FHR and NP-RF1.

The obtained solutions were analyzed according to the chromatographic method
previously described to quantify the samples from the calibration curves of each one.
Subsequently, the %L and % EE for each formulation were deterioynibe following

equations:

9AECRBPDA =FERERA
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All the analyzes were carried out in triplicate, only the analysis of NP-PLA-EMR
and NP-PLA-FHR was performed in duplicate. The experimental results were expressed

as meanzstandard deviatiott(l, n=3).

Analysis by Scanning Electron Microscopy

The surface morphology of the NP was observed through the scanning electron
microscopy (SEM) (FEI Quanta 250 FEG) frow K@&enfe Technologique des
Microstructures” (CT g of the Claude Bernard University Lyon 1, France. For the
preparation of the samples, one drop of each NP suspension was deposited in a metal
sample holder and dried at room temperature. Finally, the samples were plated with

platinum under vacuum.

Anti- M. tuberculosisactivity

The antiM. tuberculosisactivity was evaluated on the susceptible straiof
tuberculosisH37Rv by the alamar blue assay in a microplate adapting the methodology
used by Molina-Salinast al (Molina-Salinaset al 2007). The strain was cultivated in
Middlebrock 7H9 broth enriched with OADC (Becton Dickinson and Co., Sparks, MD,
USA) at 37 °C for 14 days. After, the strain was adjusted according to the standard scale
no. 1 of McFarland and diluted 1:20 for use in the assay. On the other hand, a stock
solution in DMSO was prepared at a concentration of 20 mg/mL. Work solutions were
prepared from the stock solution. On the other hand, in a 96-well microplatel. 200
water was added to the wells in the periphery. While, in the work wells, LOS8f
Middlebrock 7H9 broth enriched with OADC was added. Subsequently, in the first well
of each row, 100 L of each previously prepared work solution was added. Once all the
samples were added, serial dilutions 1:2 of each sample were performed, taking 100
of the first well and adding them to the second well of the row, then, of the second well,
100 L was taken to add them to the third, this procedure was repeated until reaching the
last well each row; the 10Q. taken from the last well was eliminated. Finally, 1@0of
the bacterial suspension was added to obtain a final volume in all wells ol.200e
final concentrations for the EMH, FHR and RF1 were fromt0.Z00 g/mL; for RIF
from 0.1to 50 g/mL; for NP-RIF from 12.50 400 g/mL; for NP-EMR, NP-FHR and
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NP-RF1 from 5t0160 g/mL. The microplates were incubated at 37 °C for 5 days. At day
520LRI WKH EOXH DODPDU UHW®BWd @&eén Bi@re addedRa all
the work wells, and the microplates were reincubated at 37 °C for 24 h. The minimum
inhibitory concentration (MIC) was determined from the color change of the blue to pink
reagent. All tests were carried out at least in triplicate.

In a second stage of the study, the RIF was combined with the EMR, FHR and
RF1 in order to determine the mixture with the best activity. The work carried out by
Avijgan (Avijganet al, 2014). was taken as a reference. Then, RIF was combined with
the formulation of NP-RF1 and NP-RIF formulation with NP-RF1 to determine if there
was a synergism in the antimycobacterial activity. To carry out the evaluation, the
concentration of RIF was varied by column and the concentration of the vegetable samples
was varied by row. For example, for the RIF and RF1 combination, the RIF concentration
was varied in the 1st row and the volume of the solution was kept constant with RF1 for
a final concentration of 40g/mL; in the 2nd row the concentration of RIF was varied,
and the volume of the solution was kept constant with RF1 for a final concentration of 20

g/mL and, thus, downwards.

All analyzes were carried out in triplicate, except for the combination of RIF with

EMR (n=1).

Hemolytic activity assay

The assay of hemolytic activity was carried out according by UNE-EN ISO 10993-
4. A blood sample, from a healthy patient, was placed in a tube with
ethylenediaminetetraacetic acid (EDTA), as an anticoagulant. The sample was
centrifuged, discarding the plasma and the white cell pack, and preserving only the red
blood cells (RBC) package. The RBC were washed three times with PBS (pH 7.4) ina 1:1
ratio (RBC:PBS). After washing, the supernatant was discarded and the RBC were
resuspended in PBS in a 1: 1 ratio (RBC:PBS) in order to obtain the working suspension
of RBC. On the other hand, stock solutions of EMR and hexane fractions were dissolved
in DMSO/PBS at a concentration of 1 mg/mL. Different concentrations of these samples
were prepared from the stock solution, as well as NP formulations that showed the best
activity againsiM. tuberculosigNP-RIF and NP-RF1) in a range of 10 to 2@@mL in
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DMSO from 0.1 to 2% v/v. The negative control to the hemolysis was prepared with 975
L of PBS and the positive control to the hemolysis was prepared withL9gbmilli- Q
water. 25 L of the RBC suspension was added to all samples, including controls. The
samples were incubated at 37 ° C for 1 h (VORTEMP 56, Labnet International, Inc.,
USA). After this time, the samples were centrifuged at 10,000 rpm for 10 min
(Spectrafuge 24D, Labnet International, Inc., USA), recovering the supernatant of all the
samples and adding them to a 96-well microplate. Finally, the absorbance of the
supernatants was measure at 575 nm in a microplate reader (Epoch, BioTek
Instruments, Inc., USA). The hemolytic activity was expressed as a percentage according
to equation 7:

°»lpigOxp 7 780
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where, ABSampleis the absorbance of the supernatant from the samplezef\BShe
absorbance of the negative control, and ABIS the absorbance of the positive control.
All analyzes were carried out at least in triplicate. The experimental results were expressed

as X+ 1 n=3.

RESULTS AND DISCUSION

Yields of extracts of Leucophyllum frutescens and their fractions

The methanol extracts from the leaves and roots fstitescensvere obtained by
ultrasound. As shown in Table I, the highest yield was obtained with the leaves. In the
study published by Sultare al the same tendency is observed, there was a higher yield
in leaves than in roots. They obtained the methanol extracts from leaves and roots of
Moringa oleifera by two extraction techniques, with an orbital agitator at room
temperature and under reflux in a water bath for 6 h, obtaining a yieldMvitheifera
leaves of 9.6 and 16.6%, respectively. The yields in roots were of 3.2 and 5.1%,
respectively (Sultanat al, 2009). Even, the yields for EMH higher than EMR, 19.30
and 7.92%, respectively.
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The ultrasound used during the extraction of EMH and EMR can facilitate the
swelling and solvation causing the enlargement of the pores of the cell wall. The greater
swelling will improve the rate of mass transfer and, occasionally, it will break the cell
walls, which leads to an increase in extraction efficiency and/or reduction in extraction
time (Huie, 2002) Soares-Melecchet. al optimized the technique of extraction by
ultrasound to obtain the extract from flowerdHibiscus tiliaceud. They weighed 5 g of
flowers and added 150 mL of methanol (1:30 ratio), reaching the highest yield (17.10%)
in 5 h of extraction (Soares Melecddti al, 2006). In our case, the ultrasound method
developed to obtain the methanol extracts from leaves and rdotfrofescensequired
less time (2 h). The percentages of yield of the fractions, with the methodology described
above, are shown in Table I. When the hexane fraction is obtained, by any method, there
was a higher yield in the hexane fractions from roots, it is possible to attribute greater
number of related compounds in hexane by roots than leaves. While, increasing the
polarity of the solvents, yields of leaves are observed higher than roots.

Table I. Percentage of yield of methanol extracts from leaves and roots loducophyllum frutescens

and its fractions

Leaves EMH FHH HF1 HF2 HF3 HF4 HF5

Yield (%) 19.30+4.2C 3.46+0.09 2.55+0.31 6.10+4.34 1.17+0.28 33.05+3.09 3.48%0.12

Roots EMR FHR RF1 RF2 RF3 RF4 RF5

Yield (%) 7.92+0.38 9.62+5.04 10.46+0.9S 7.19+0.36 0.40+0.05 13.99+4.06 16.27+0.5€

Chromatographic profiles of the extracts and fraction ofLeucophyllum frutescens

The extracts and fractions from leaves andswetre analyzed by CLAR to obtain
their chromatographic profile. The variability within the plants of the same species
depends on the collection station and the origin of the plant, among other factors (Nguyen
Hoai et al, 2009) For this reason, the determination of the chromatographic profile is
useful for the quality control of plant extracts (éteal, 2015; Kimet al, 2015; Xieet al,
2007, Yanget al,, 2013).
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The extract and fractions obtained from leaves of the plant reveal the presence of

4 main peaks (Figure 1), while the chromatographic profiles of the extract and fractions

from roots reveal the presence of 7 main peaks (Figure 2).

Height (mAT)

Time (min)

Figure 1. Chromatographic profile of methanol extract from leaves ofLeucophyllum frutescens
(EMH) and its fractions (FHH, HF1, HF2, HF3, HF4 y HF5) & 400 pg/mL analyzed by HPLC.

Height (mAL)

o T oW 50
Time (min)

Figure 2. Chromatographic profile of methanol extract from roots ofLeucophyllum frutescen$EMR)
and its fraction (FHR, RF1, RF2, RF4 y RF5) at 400 pg/mL analyzeby HPLC.
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Anti- M. tuberculosisactivity of the extracts and fractions obtained from de
Leucophyllum frutescens

The activity of extracts and fractions bf frutescensagainst M. tuberculosis
H37Rv was evaluated by the alamar blue microplate method. MIC obtained from the assay
are presented in Table Il. EMH had a MIC value above 20®L while EMR had a MIC
value of 100 g/mL. In the study by Molina-Salinas al. similar trends are reported,
because in leaves the tested concentrations did not show activity, while in roots MIC was
of 62.5 g/mL (Molina-Salinas et al., 200 Afompared with our result, this variability in
activity may be due to factors such as collection time or place of collection (Nbioge
et al, 2009).

Table 1. Anti- M. tuberculosisactivity H37Rv of the methanol extracts from leaves and rootsf

Leucophyllum frutescensnd their fractions

Leaves EMH FHH HF1 HF2 HF3 HF4  HF5
MIC (ug/mL) >200 >200 >200 >200 >200 >200 >200
Roots EMR FHR RF1 RF2 RF3 RF4  RF5
MIC (ug/mL) 100 40 40 200 200 >200 >200

The best activity again$fl. tuberculosisvas collected with the hexane fractions
from roots (FHR and RF1) at a MIC of 49/mL. Comparing the methods of fractionation
1 and 2, FHR and RF1, respectively, both demonstrate the same efficiency to the extract
compounds related to hexane with antituberculosis activity. Previously, the isolation and
identification of a compound extracted from roots with potentMntitberculosisctivity
was reported (Molina-Salinast al, 2011), tis fraction of interest was obtained with
hexane, with a similar methodology to the fractionation method 1 performed in this work.
However, an easy and rapid fractionation method was also developed (fractionation
method 2), for the obtaining the fraction of interest preserving its antimycobacterial

activity.
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MIC achieved by FHR and RF1 is comparable to MIC reported in studies with
other plants. Gemechet al investigated five medicinal plants in Ethiopia: roots of
Calpurnia aurea seeds ofOcimum basilicumleaves ofArtemisia abyssinicaCroton
macrostachyus and Eucalyptus camaldulensisised locally to fight tuberculosis.
Methanol extracts of the plant materials were obtained by maceration and evaludted on
tuberculosisstrains such as: H37Rv, SIT73, SIT149, SIT149, SB1176 and SB1953, which
were comparatively the most susceptible to tH§WUDFWYV ZLWKg/Mhl& RI1 ”
(Gemechtet al, 2013). However, Ngutet al evaluated the antimycobacterial activity of
the hydroethanol extract from leaves Sflanum torvum Aloe vera vabarbadensis
Dissotis rotundifolia, Chenopodium ambrosioid®sd rizosimas oZingiber officinale
Roscoe orM. tuberculosisH37Ra and H37Rv. It was determined that the leaves. of
torvumwere the best potential ami- tuberculosissince, they showea MIC of 156.3
and 1,250 g/mL againsM. tuberculosifH37Ra and H37Rv, respectively (Ngwaal,
2016). Likewise, Kahalivet al obtained the chloroform extracts from roots of different
plants, among thenPterolobium stellatum which showed the highest MIC. The
fractionation of this extract was carried out by solvent partition, in order to obtain the
hexane and ethyl acetate fractions. In this case, the activity given by the fract®ons wa
greater than the extract (Kahalewal, 2017)

According to the results published with other plants, root fractions are potential
plant samples againbt. tuberculosisFollowing the mentioned chromatographic profile
(Figure 2), in roots there are more peaks than in leaves.

RF3 fraction was discarded for the determination of the chromatographic profile,
antioxidant and haemolytic activity, due to experimentally a low percentage of yield and

low anti-M. tuberculosidH37Rv were obtained.

Chromatographic analysis of rifampicin

Among the analytical methods, HPLC highlight, it allows the separation of the
compounds according to their physiochemical characteristics, even if they are in a
polymeric matrix (Moreno-Exebio y Grande-Ortiz, 2014).

Initially, the chromatographic conditions that allowed the detection of RIF were

developed. Figure 3 showed that the molecule was detected at a retention time of 2.0 min.
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Height (mAU)

This result is close to the obtained retentionetiny Glasset al, who optimized a
chromatographic method for the quantification of antituberculosis drugs. The retention
time of RIF was 2.85 min using acetonitrile: tetrabutylammonium hydroxide (42.5:57.5,
v/v) (0.2 mM) at a pH of 3.10 (Glass al.,, 2007).

Time (min)

Figure 3. Rifampicin chromatogram (30 ppm) obtained by HPLC (retention time2 min).

Preparation of the calibration curve and method validation for the quantification of
rifampicin

The validation was carried out to ensure that the analytical procedure is accurate
for the quantification of RIF. Table 3 shows the validation parameters established for the
developed method. The concentration range (5¢801L) had linearity, with a correlation
coefficient greater than 0.99. LOD was 0.4{mL, while LOQ was 2.14g/mL. On the
other hand, repeatability and reproducibility were measured, obtaining a variation of 5.97
and 6.79%, respectively. These values are acceptable, below the £15% previously
established (Glasst al, 2007), therefore the method is accurate.
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Table I11. Validation parameters of the chromatographic method for the quantification of rifampicin

Correlation - o
) ] o LOD LOQ Repeatability Reproducibility
Regression equation coefficient
0 (Hg/mL) | (ng/mL) (RSD, %) (RSD, %)
r
y = 8.8983x - 9.2698 0.99 0.71 2.14 5.97 6.79

Preparation of the calibration curve of the methanol extract from leaves and roots
of Leucophyllum frutescens

As part of the characterization, from the chromatographic methods previously
developed, the calibration curve of each plant sample (EMR, FHR and RF1) was analyzed
in order to quantify the most abundant peaks in them, being selected the peak no. 5 in all
the samples, and the peaks no. 6 and 7 in RF1. The method for RF1 quantification was
validated by linearity, LOD and LOQ (Table V).

For extracts or fractions from plants, the known compounds of the plant are
selected, and the chromatographic method is developed for their quantification. For
example, in the Amoriret al. study, three flavonoids were identified in the hydroethanol
extract from the aerial part dfonina fluviatilis (6,7-dimethoxyquercetin- @ -D-
glucopyranoside, 6-hydroxy-7-methoxyquerceti®3-D-glucopyranoside and 6-
methoxyquercetin-8- -D-glucopyranoside) and a chromatographic method was
developed and validated to quantify these compounds in the plant. For the preparation of
the calibration curve, solutions of the three flavonoids were prepared and the regression
equation for each was determined. LOD and LOQ of the calibration curves were below
30 g/mL (Amorimet al, 2014).

For RF1 with the developed method, LOD and LOQ are superior because internal
marker compounds of the fraction are used, it was possible preparing solutions of different
concentrations of this hexane fraction for the preparation of the calibration curve, instead
of standard solutions. The validation was carried out to ensure that the analytical
procedure is accurate for the quantification of RF1 once it was loaded in NP (Martinez-
Rivaset al. 2017).
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Table IV. Validation parameters of the chromatographic method for the quantification of he

vegetable samples fronb.eucophyllum frutescens

Correlation
. No. _ _ coefficient LOD LOQ
Active Regression equation
Peak 0 (ug/mL) (ug/mL)
r
EMR 5 y = 1.712x +355.49 0.99 ND ND
FHR 5 y = 1.4231x+591.75 0.99 ND ND
5 y = 2.0497x+105.57 0.99 209.22 634.00
RF1 6 y = 0.3646x+38.803 0.99 427.35 1295.00
7 y =1.3158+224.39 0.99 103.98 315.10

(ND=no determinado)

Encapsulation and characterization of rifampicin, methanol extract and hexanic
fractions from roots of Leucophyllum frutescensoaded in polymeric nanopatrticles

Nanotechnology has emerged as a promising area to target the active to reservoirs
such as macrophages (Nasirudeiral, 2017).M. tuberculosigesides for a long period
of time in the alveolar macrophages of the lungs (Saal, 2013).

Due to the NP size, they are a promising vehicle for distribution through the body
and to reach the target cells or organs. Nahar and Jain prepared NP with sizes of 150-200
nm and negative zeta potential. Subsequently, they determined the targeting of
Amphotericin B in PLGA NP conjugated with mannose and PEG to organs rich in
macrophages (liver, kidney, spleen, lung and lymph nodes) in a bioavailability study.
Swiss albino adult mice and males were injected with NP formulations, after the treatment
they were sacrificed to analyze the organs. The results showed targeting of NP to organs
rich in macrophages (Nahar y Jain, 2009). Comparing these results with our work, these
characteristics of size and surface charge are favorable for their potential use. Table V
describes the characterization parameters of RIF loaded NP. For the four formulations
developed to encapsulate RIF, a particle size in a range o180 nm was obtained,
with homogeneous size distributions and negative zeta potential.

The surface charge measulsdhe zeta potential is important because it is related

to the stability of NP and drug release profiles (Honary y Zahir, 2013). The use of some
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emulsifiers (surfactants) modifies the surface charge, although the emulsifiers used in this
work are neutral (Murat d. 2011), and their charge is modified depending on the pH of
the medium. For example, PVAL has acetates groups that are negatively ionized as the
medium change from pH 3to pH 9L QL H Z\AN2D16). Honary and Zahir prepared
PLGA NP with two non-ionic surfactants, PVAL and Pluronic F68 (PF68). They obtained
NP with negative zeta potential. The result obtained with PLGA-PVAL-NP was -5+1 mV
and with PLGA-PF6NP was -24+1 mV (Honary y Zahir, 2013), this formulation with
PVAL presents a similar result compared with our work with this formulation (-5.57+1.35
mV).

Table V. Characterization parameters of the biodegradable polymeric nanoparticles containing

rifampicin prepared by nanoprecipitation

Emulsifier Size Zeta Potential
Polymer PDI %L %EE
agent (nm) (mV)
PLA Lut 142.8+15.4| 0.210+0.042 ND 2.8+0.1 | 30.4+0.3
PLGA Lut 163.0t4.6 0.113+0.019 -15.93+3.10 | 0.7+0.1 | 6.0£1.0
PLA PVAL 178.5t4.1 0.168+0.045 -7.89+1.82 2.2+0.1 | 35.9+1.0
PLGA PVAL 176.319.4 0.139+0.007 -5.57+1.35 0.5+0.1 | 4.0+0.5

(Lut: Lutrol F127 NF: PVAL: polyvinyl alcohol); ND=not determined
(Xt 1 n=3)

Then, the formulations were analyzed by CLAR for the quantification of the drug,
this HPLC method was developed to detect RIF without interference from the polymeric
matrix. As seen in Table V, the encapsulation percentages changed according to the
polymer and surfactant involved in particle formation. NP formulation with the highest
encapsulation of RIF was PLA-PVAL-NP formulation, with an encapsulation efficiency
of 35.9%, which indicates that 35.9% of total RIF is encapsulated in NP. While, the lowest
encapsulation was PLGA-PVAL-NP. This difference is given, because the polymer PLA
has lower hydrophilic affinity than PLGA (Dalpiaz et al., 2016). Therefore, PLA is more

related to hydrophobic drugs such as RIF. NP preparation technique used in this work
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(nanoprecipitation) with the formulation parameters used, are favorable for formulating
NP with RIF.

Due to the results shown in the studies agdihstuberculosis EMR and its
fractions FHR and RF1 were selected to be encapsulated in NP. Table VI describes the
characterization parameters of NP with plant samples. For the two formulations that were
developed to encapsulate the EMR, FHR or RF1, a particle size in a range 190
nm was obtained, with homogeneous size distributions and negative zeta potential.

As already mentioned, NP from 150 to 200 nm with negative zeta potential have
shown targeting towards the organs rich in macrophages such as the lungs (Nahar y Jain,
2009), NP with EMR, FHR or RF1 obtained in our work, are potential formulations to
reach the lungs. Likewise, they have the characteristics for the internalization by the
alveolar macrophages that contain the tuberculosis bauoté¥iigoleteet al.observed that
their blank PLGA NP with zeta potential of -17.2+6.1 mV were internalized by J774
macrophages at 4 h. Therefore, they conclude that the size and surface chemistry of the
particles influences their absorption (Nicoleteal, 2011).

The peak no. 5 was selected to be quantified in NP, for being an abundant
component in plant samples. The peak was encapsulated in all formulations, which
indicates that the NP preparation method is favorable for the encapsulation of extracts or
fractions extracted from. frutescengplant. Some researchers have encapsulated plant
compounds in NP such is the case of do Nascimentl, who encapsulated the red
propolis extract in five formulations of polyeaprolactone (PCL) NP and quantified five
flavonoids (liquiritigenin, pinobanksin, isoliquiritigenin, formononetin and biochanin A
by UPLC. %EE of the flavonoids in NP had an average value of 75% (do Nascietento
al., 2016). However, in this work the chromatographic method was designed to detect the
components of interest of the extracts and fractions obtained_fréotescensnd using

them as internal markers for their quantification in NP.
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Table VI. Characterization parameters of the biodegradable polymeric nanoparticles containing

methanol extract and hexane fractions fronLeucophyllumprepared by nanoprecipitation

. Size Zeta Potential | No.
Active Polymer PDI %EE
(nm) (mV) Peak
PLA 160.7+2.7 0.259+0.045 -9.79+036 5 78.10+11.67
EMR
PLGA 176.0+7.0 0.150+0.018 -6.11+1.16 5 57.94+5.08
PLA 189.8+2.2 0.114+0.019 -11.23+1.86 5 21.65+1.60
FHR
PLGA 171.5+£10.6 0.127+0.025 -7.76x1.64 5 21.63+1.01
5 83.82+3.61
PLA 180.5+2.1 0.110+0.013 -10.77+2.69 6 81.42+16.53
7 83.42+8.16
RF1
5 77.71£1.0
PLGA 170.3+4.4 0.094+0.012 -7.73+£1.49 6 55.47+10.86
7 63.72+7.84

(X+ 1 n=3 and n=2)

Finally, the surface morphology of the NP by MEB was determined. Figure 4
shows the micrographs obtained from the blank NP, RIF NP andN®FNP hada
spherical shape and a smooth surface, with a size around 80 nm and homogeneous

distribution in all formulations.
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Figure 4. MEB image of PLGA nanoparticles prepared by nanoprecipitation. A and D blank
nanoparticles; B and E: nanoparticles with rifampicin; C and F: nanoparticles with the hexane
fraction of Leucophyllum frutescensoots (A, B, and C: scale bar represents 1m; D, E and F: scale

bar represents 500 nm).

Anti- Mycobacterium tuberculosiactivity of the nanoparticle formulations

Once the formulations of NP were obtained, they were evaluated adaitusterculosis

In Table VII, MIC of the formulations of NP with RIF are shown, the complete

formulations (encapsulated and non-encapsulated active) and the formulations with the

encapsulated active were evaluated. Likewise, MIC for RIF was determined (0.20
g/mL). PLGA NP showed the best encapsulation, and it is the PLGA-PVAL formulation

with encapsulated active that had the highest activity (OgI®L) even compared with

the free drug. This enhancement in the antibacterial activity of the drug encapsulated in

PLGA NP compared with its free form has already been observed in other studies.
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As example is the work carried out by Darvigtial, who incorporated 18-
glycyrrhetinic acid (GLA) in PLGA NP with a size around 200 nm and negative zeta
potential to test them againg®seudomonas aerugings&taphylococcus aureusnd
Staphylococcus epidermidigliC of NP with GLA and free GLA foP. aeruginosavas
around 75 and 20g/mL, respectively; foB. aureusvasof 75 and 35 g/mL, respectively;
and, forS. epidermidisvas of 35 and 10g/mL, respectively. The results revealed that
GLA NP had better activity than free GLA (Darvigtial, 2015).

Table VII. Minimal inhibitory concentration (MIC) of biodegradable polymeric nanoparticles

containing rifampicin (n=3)

MIC

_ Encapsulatechon-encapsulated Encapsulated rifampicin
Formulations ) .
rifampicin (ug/mL) (ng/mL)
RIF-PLGA-Lut 0.20 0.30
RIF-PLA-PVAL 0.40 0.90
RIF-PLGA-PVAL 0.20 0.10

As mentioned, the best antimycobacterial activities were given by EMR, FHR and
RF1 (MIC=100, 40 and 40g/mL, respectively), so they were selected to be formulated
in NP. Table VIl shows the results of the assay for the determination of the activity of
the NP formulations containing EMH, FHR or RF1, being FHR-PLGA-NP and RF1-
PLGA-NP with the best activities. These results suggest that PLGA-PVAL-NP enhanced

the activity againsM. tuberculosicompared to free forms of RIF, FHR and RF1.
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Table VIII. Minimal inhibitory concentration (MIC) of biodegradable polymeric nanoparticles

containing the vegetable actives (n=3)

e EEE MIC encapsulated and non-encapsulated
active (ug/mL)
EMR-PLA 400
EMR-PLGA 400
FHR-PLA 160
FHR-PLGA 80
RF1-PLA 160
RF1-PLGA 80

Subsequently, the combined effect between RIF and EMR, FHR or RF1 was
evaluated, the best combination was achieved with RIF and RF1, MIC decreased from
0.20 to 0.10 g/mL and 40 to 10 g/mL, respectively (Table VIJI From this favorable
combination, the combined effect of RIF with RF1-PLGA-NP and RIF-PNFAwith
RF1-PLGANP was tested. The combination RIF-PLGMR with RF1-PLGANP did not
have a better effect than the free combination. However, the combination of RIF with
RF1-PLGANP, showed a better MIC for both, from 0.20 to 0.1mL and 80 to 20

g/mL, respectively. It means, when RF1 is in NP, it is possible to enhance the effect of
its free form. These results suggekthat the combination of RIF with a hexane fraction
from roots ofL. frutescensgainsM. tuberculosiss favorable. The combination of drugs
with natural agents increases the spectrum of activity and decreases the risk of emergence

of resistant strains (Avijaet al, 2014).
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Table IX. Minimal inhibitory concentration (MIC) of rifampicin with methanol extract and hexane

fractions from L. frutescensroots againstM. tuberculosis

MIC of rifampicin MIC of vegetable samples
(ng/mL) (Hg/mL)
EMR 0.10 + 100
FHR 0.10 + 20
RF1 0.10 + 10
RF1-PLGA-NP 0.10 + 20

Hemolysis assay

One of the techniques for measuring compatibility can be through the
determination of hemolysis (Fischer et al., 2003). The test of the extracts and their
fractions was carried out according by UNE-EN ISO 10993-4 which establish that a
percentage lower than 5% is considered non-hemolytic, considering the value of 100% to
the total amount of hemoglobin present in the RBC sample adriesl showed no
hemolysis at the concentrations analyzed. In contrast, RF2 and RF4 maintain a non-
KHPRO\WLF HIIHFW DW ” J gAriL, Br@lly, the hexame ffactions
FHR and RF1 are notc H P R O \ W L §/nih {Fidgure 5).

Comparing the results of hemolytic activity with the tuberculosisactivity, in
EMR, FHR and RF1 there was presence of hemolysis at the established MIC (100, 40 and
40 g/mL, respectively). Vega Menchaetal Vega Menchacat al. evaluated the acute
toxicity of the methanol extract from frutescenseavesThey carried out the evaluations
in Artemia salinareporting dDso of 196.37 g/mL, , and in the VERO cell line, reporting
an ICso of 58.0 g/mL (Menchaceet al, 2013). These results suggest the presence of

toxicity in the plant.
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Figure 5. Hemolytic activity of the vegetables samples fromheucophyllum frutescens methanol

extract and fractions X+ 1 n=3).

Also, the hemolysis percentage was determined as an indicator of the toxicity of

RIF and NP formulations. For the concentration of RIF with activity agédihst
tuberculosisMIC were determinedi) free form (0.20 g/mL), ii) in combination (0.10

g/mL) andiii) RIF-PLGA-PVAL, being the formulation with the best activity. The
results showed there was no presence of hemolysis. While, RF1 and RF1NR_&A-
the MIC againsM. tuberculosig40 and 80 g/mL, respectively) are hemolytic. However,
when RF1 is combined with RIF, the concentrations decreased from 40 ¢ for
RF1 and from 80 to 20g/mL for the NP formulation, and at these concentrations there
was no presence of hemolysis (Figure 6). Additionally, Figure 6 showed that the

encapsulation of RF1 in NP favors the reduction of its toxicity.
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Figure 6. Hemolytic activity of the encapsulated hexane fraction from roots of.eucophyllum
frutesceng(RF1 NP) and non-encapsulated (RF1)X* 1 n=3).

Table X. Percentage of hemolysis of rifampicin, hexane fraction from roots dfeucophyllum

frutescensand nanoparticles

ANTITUBERCULOSIS CONCENTRATION HEMOLYTIC ACTIVITY

ACTIVE (ng/mL) (%)

RIF 0.20 N/H

RIF 0.10 N/H

RIF-PLGANP (E+NE) 0.20 N/H

RIF-PLGANP (E) 0.10 N/H

RF1 40 94.35+4.37

RF1 10 N/H

RF1-PLGANP (E+NE) 80 8.62+2.65

RF1-PLGANP (E+NE) 20 N/H

(E+NE=complete batch; E=encapsulated active)
*x“1 Q
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CONCLUSION

In this study several evaluations were carried out in order to have a broader
knowledge about the biological activity df. frutescens The ultrasound method
developed to obtain the methanol extract of leaves and roots of the plant allowed to
achieve a good performance in a short time (2 h). Two different fractionation methods
were developed in order to obtain the hexane fraction of leaves and roots, the percentage
of yield obtained with both methods was very close. However, method 2 was selected to
continue with the following partitions because it is faster and easier to execute.

The chromatographic profiles of the extracts and fractions were obtained by
HPLC, these results revealthat there was the same number of peaks of the extract
(leaves or roots) and the fractions obtained from it; as well as, particularly in roots, the
greatest number of peaks was found.

The evaluation of the activity againkt. tuberculosisof the extracts and the
fractions revealed that the roots are more active, specifically, EMR, FHR and RF1 with
MIC of 100, 40 and 40 g/mL, respectively. However, hemolysis occurred at these
concentrations.

On the other hand, biodegradable NP of RIF and plant samples (EMR, FHR and
RF1) of L. frutescenswnere prepared by nanoprecipitation. The characterization of the
formulations showed NP from140 to 190 nm, with homogeneous distributions and
negative zeta potential. When RIF is encapsulated in PLGA-PVAL-NP enhanced its
activity againstM. tuberculosig0.10 g/mL) compared to the PLA-PVANP and the
free drug. The extract and fractions had a higher MIC when they arpsefatad. The
most active formulations were with the fractions, showing better activity with PNBA
(80 g/mL) compared to PLA NP (16Qy/mL).

The combination of plant samples with RIF decreased the MIC in both cases,
demonstrating a better effect. At the active concentrations addirtsiberculosis RIF
and RIF loaded NP did not present hemolysis. Whereas, RF1 and RF1 loaded K& show
hemolysis at the active concentrations agamMstuberculosis However, when RF1 is
combined with RIF, the concentrations decreased from 40 tg/bfL for RF1 and from
80 to 20 g/mL for the NP formulation, and at these concentrations there is no presence
of hemolysis.
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This suggests that the encapsulation of RF1 in NP favors the reduction of its
toxicity. Therefore, an alternative to make use of these fractions, with potential activity
against the bacteria causing tuberculosis and without hemolytic effect is to combine it with

conventional antitubercusis drugs.
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CHAPTER 2. POTENTIAL USE OF Leucophyllum frutescen®\S
ANTIOXIDANT AGENT AND ITS ENCAPSULATION IN
POLYMERIC NANOPARTICLES

ABSTACT

Leucophyllum frutescersas been studied mainly for its activity agaikistcobacterium
tuberculosisut other biological properties in the plant have been less studied. In addition,
for advance in the investigation of the plant to the application in some organism, it would
be promising to transport the natural components in polymeric nanoparticles (NP), thus
avoiding the use of organic solvents. It should be noted that NP have different advantages
that improve the biological activity of the contained active. The objectivesofititk was

to encapsulate an extract or fraction, with antioxidant activity, obtained from the methanol
extract ofL. frutescensWith nanoencapsulation, the vegetable sample is incorporated in

a vehicle free of organic solvents, without losing its property, making possible to
administer it in the body. First, the antioxidant activity of the extracts and fractions from
leaves and roots af frutescensvere evaluated to select the ethanolic fraction from leaves
(HF4) as the most active. The chromatographic profile of the ethanol fraction of leaves
was determined by High Perforn@nLiquid Chromatography (HPLC), selecting four
peaks-components for their use as internal markers in order to quantify them once the
plant sample was encapsulated in NP. For quantification of the component peaks in NP
firstly, the chromatographic method was partially validated. The regression equations of
the four peaks were obtained, with correlation coefficients greater than 0.99. In addition,
the limit of detection and limit of quantification of each peak was determined resulting in
43.09 and 130.58, 38.62 and 117.03, 22.29 and 67.53 and, 45.86 and 430 7/for

peaks 1, 2, 3 and 4, respectively. Suspensions of HF4 loaded NP were obtained by the
nanoprecipitation method\P had particle sizes around 200 nm with homogeneous
distributions. While, the percentage of encapsulation of peaks 1, 2, 3 and 4 was 20, 23, 61
and 80%, respectively. Then, the antioxidant activity was evaluated using the oxidant
peroxyl, 2,2-azo-big2-amidinopropane) dihydrochloride (AAPH) in red blood cells. The

fraction HF4 presented antioxidant activity at 1@@mL and when HF4 was encapsulated
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in NP, the activity was preserved. Finally, through the hemolysis test was concluded that
HF4 and HF4-NP are not toxic to the active concentrations. Therefore, the potential use

of HF4 loaded NP as an antioxidant agent is promising.
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INTRODUCTION

Several compounds with biological activity from plants, have been isolated and
identified. One of the most common examples is T3xeohich was obtained from the
plant calledTaxus breuifoligdWaniet al, 1971) The large number of plants existing in
the earth leads to the acquisition of new compounds or the promising discovery of
activities not yet known in species not yet studied.

Leucophyllum frutescensde la familia Scrophulariaceae, of the family
Scrophulariaceae, is a plant commonly known as "cenizo”. In Nuevo Leon it is the bush
par excellence. In Texas it is called "shrub barometer" because its flowepegddeon
humidity in the environment and rainfall (Zaragoza, 2009as been studied mainly for
its activity againstMycobacterium tuberculosi§Alanis-Garzaet al, 2012; Molina-
Salinaset al, 2007, 2011)Some studies suggest other biological properties present in the
metabolites of the plant.

However, a property not yet studied is its antioxidant capacity. Throughout the
antioxidant effect, the body is protected from oxidative stress caused by free radicals. Free
radicals play a fundamental role in different diseases such as cancer, inflammatory
diseases or neurological disorders caused by age @tailo 2010).

There are several studies focused on the investigation of the antioxidant activity of
plants. Generally, the antioxidant properties are attributed to a chemical group called
polyphenols (Ozkan y Ozcan, 2017). In the study by Saeed, some extracts were
obtained from the planforilis leptophylla were studied, where the presence of phenols
were found, which were related to their antioxidant activity. Likewisenaivo study
suggested that methanol extract could be used against oxidative damage caused by carbon
tetrachloride CCls) by its antioxidant property (Saeetal, 2012).

To produce free radicals using the peroxyl initiator, 2,2-azdbis-
amidinopropane) dihydrochloride (AAPH) in red blood cells (RBC) causes hemolysis,
however, adding an antioxidant prevents hemolysis. Therefore, this system is an adequate
model to determine the antioxidant activities of extracts or fractions of plantst @n
2014). This method allowed to Jiaagal to investigate the protection conferred by the
agueous extract dPueraria thomsoniandPueraria lobataon the RBC damage of rats
caused by free radicals. No antioxidant activity was shown by the agqueous exRact of
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thomsoniiwith anlCso around 1000 g/mL. In contrast, the extract Bf lobataexhibited
a potent activity, with aiCso of 194.0+6.9 pg/mL (Jianet al, 2005).

A limitation in the use of plant extracts with potential as antioxidant ageots
theirin vitro orin vivo application because they are obtained in an organic solvent, which
cannot be administered to an organism. A proposal to transport natural components is the
use of polymeric nanoparticles (NP), because they show different advantages that improve
the biological activity of the sample (Christofetial, 2015).

For this reason, the aim of this work was to encapsulate an ethanol fraction
obtained from the methanol extractlaffrutescendeaves, with antioxidant activity in
order to contain it in a vehicle free of organic solvents without loss of activity, and thus to

obtain a formulation with potential administration in an organism.

MATERIALS AND METHODS

Obtaining of the extracts ofLeucophyllum frutescensand their fractions

Chapter 1 describes the procedure for obtaining the extracts from leaves and roots
of L. frutescensand its fractions. Brieflyl.. frutescenglant wascollected in Monterrey,
N. L., Mexico in July 2013. Consequently, the plant material was washed, dried at room
temperature and pulverized. 50 g of powdered leaves or roots were weighed, 350 mL of
methanol was added. The extracts were obtained by ultrasound (Ultrasonic Cleaners,
VWR Symphony, USA). For a period of 1 h, the temperature for the extraction was
increased from 25 to 60 °C, once reached 60 °C, three cycles of 10 min of sonication and
10 min of rest were performed. Subsequently, the samples were filtered to obtain the
solvent, which was evaporated under reduced pressure (Laborota 4003 control, Heidolph)
in order to obtain the methanol extract of leaves (EMH) and roots (EMR). With respect to
the fractionation of the extracts, two methods were used. In the method 1, EMH was
solubilized in methanol, it was placed in a separatory funnel and hexane was added;
subsequently, both solvents were mixed, and the hexane part was recovered and
evaporated under reduced pressure in order to obtain the hexane fraction (FHH). The same
procedure was followed with the EMR in order to obtain the hexane fraction from roots
(FHR).
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In the method 2, hexane was added to the EMH and stirred to aid the solubilization
of the compounds related to the solvent, then, it was filtered to obtain the solvent and
evaporated obtaining the hexane fraction called HF1. Chloroform was added to the solid
insoluble in hexane, stirred, filtered to obtain the solvent with the compounds related to
chloroform and evaporated obtaining the chloroformic fraction (HF2). This procedure was
repeated with other solvents of higher polarity (ethyl acetate, ethanol and methanol) in
order to obtain the HF3-HF5 fractions. The fractionation method 2 was also pertormed
the EMR, identifying the obtained fractions as RF1-RF5.

Determination of the antioxidant activity of the extracts and fractions from
Leucophyllum frutescens

The antioxidant activity was measured by the damage of RBC producing free
radicals with AAPH, the methodology described by Abajcal (2004). was used as
reference. A blood sample, from a healthy patient, was placed in a tube with
ethylenediaminetetraacetic acid (EDTA), as an anticoagulant. The sample was
centrifuged, discarding the plasma and the white cell pack, preserving only the RBC
package. RBC were washed three times with a solution of phosphates with salt (PBS, pH
7.4) in a ratio of 1:1 (RBC: PBS). After the washing, the supernatant was discarded, and
the RBC were resuspended in PBS to subsequently dilute them 1:10 (RBC:PBS) in order
to obtain the working suspension of RBC.

On the other hand, stock solutions of EMH, EMR and fractions in DMSO were
prepared. Also, one solution of AAPH at 400 mM in PBS was prepared. Then, a volume
of each sample was taken to obtain the final concentrations in a range of 10 ggraD0
in DMSO (0.15 to 3% v/v). The antioxidant control was ascorbic acid (AA), which was
prepared at the same concentrations as the plant sampled. 87fhe AAPH solution

and 250 L of the RBC suspension were added to all the samples.
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The oxidant control was PBS, 37% of the AAPH solution and 250L of the RBC
suspension. Two controls were added, one negative to the hemolysid (6BBS and

250 L of RBC) and another positive to hemolysis (7%0of milli-Q water and 250 L

of RBC). All test samples had a final volume of 1000 Samples and controls were
incubated at 37 ° C for 2.5 h with constant agitation (300 rpm) (VORTEMP 56, Labnet
International, Inc., USA). After this time, the samples were centrifuged at 10,000 rpm for
10 min (Spectrafuge 24D, Labnet International, Inc., USA), recovering the supernatant of
all the samples and adding them to a 96-well microplate. Finally, the absorbance of the
supernatants at=575nm was measured in a microplate reader (Epoch, BioTek
Instruments, Inc., USA). The oxidative damage was deternipeduation 1:

I ~ . °»1pj 0 x
Sctf—<"t tfsf %Bof 2P TUA - gpy 'S
»lgop

where, ABSampeis the absorbance of the supernatant of the samplexABShe
absorbance of the supernatant of the oxidant control angoAB$he absorbance of the
supernatant of the positive control to the hemolysis. From this result the antioxidant

activity was determined:

o—<'Sctfe— fUl+L'SFPF KTE@=PERA"@=1=CHA

All analyzes were carried out at least in triplicate. The experimental results were expressed

as meanzstandard deviatioft(l, n=3).

Determination of the hemolytic activity of the extracts and fractions from
Leucophyllum frutescens

The assay of hemolytic activity was carried out according by UNE-EN ISO 10993-
4. A blood sample, from a healthy patient, was placed in a tube with
ethylenediaminetetraacetic acid (EDTA), as an anticoagulant. The sample was
centrifuged, discarding the plasma and the white cell pack, and preserving only the red
blood cells (RBC) package. The RBC were washed three times with PBS (pH 7.4) ina 1:1
ratio (RBC:PBS). After washing, the supernatant was discarded and the RBC were
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resuspended in PBS in a 1: 1 ratio (RBC:PBS) in order to obtain the working suspension
of RBC.

On the other hand, stock solutions of EMR and hexane fractions were dissolved in
DMSO/PBS at a concentration of 1 mg/mL. Different concentrations of these samples
were prepared from the stock solution, as well as NP formulations that showed the best
activity againsi. tuberculosigNP-RIF and NP-RF1) in a range of 10 to 2@JmL in
DMSO from 0.1 to 2% v/v. The negative control to the hemolysis was prepared with 975

L of PBS and the positive control to the hemolysis was prepared withL9GBmilli- Q

water. 25 L of the RBC suspension was added to all samples, including controls. The
samples were incubated at 37 ° C for 1 h (VORTEMP 56, Labnet International, Inc.,
USA). After this time, the samples were centrifuged at 10,000 rpm for 10 min
(Spectrafuge 24D, Labnet International, Inc., USA), recovering the supernatant of all the
samples and adding them to a 96-well microplate. Finally, the absorbance of the
supernatants was measure at= 575 nm in a microplate reader (Epoch, BioTek
Instruments, Inc., USA). The hemolytic activity was expressed as a percentage according

to equation 3:

. °»Ipig0x
TetZrecs | L— 22X TUBO . gy (3)
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where, ABS3ampleiS the absorbance of the supernatant from the sample;epBShe
absorbance of the negative control, and ABIS the absorbance of the positive control.
All analyzes were carried out at least in triplicate. The experimental results were expressed

as X+ 1 n=3.

Chromatographic analysis

For the obtaining of the chromatographic profile of HF4, it was dissolved in
acetonitrile (J. T. Baker, USA)/methanol (Tedia, USA), the solution was filtered through
a 0.45 m filter (Millipore, USA) to be analyzed by HPLC (VARIAN 9065, 9012, ProStar
410, USA). A 6\ Q H U J LniEFusion-RP 80 A (150 mm x 2.0 mm x #) column, a

flow of 0.2 mL/min and 30 °C was used. The mobile phase was formic acid (purity: 90%,
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Millipore, USA) at 0.1% v/v and methanol with an isocratic elution of 45:55 for 40 min
for leaves and 60 min for roots. The profiles were detected224 nm.

Preparation of the calibration curve and method validation

HF4 was weighted and disolved in methanol (Tedia, USA), to obtain a stock
solution at 2000 pg/mL. From the stock, the working solutions were prepared in the range
from 100to 700 pg/mLand LOWHUHG WKURXJK Millipore, BSR)Hifrelt UD Q H
were analyzed by the HPLC method before mentioned to obtain the calibration curve.

The chromatographic method was validated through the variables: linearity, limit
of detection (LOD) and limit of quantification (LOQ) according to the International
Conference on Harmonization (ICH). For the establishment of the linearity, the calibration
curve was prepared and analyzed in triplicate. The LOD and LOQ were calculated by the

following equations:

. uau é
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where, éis the standard deviation of the response and S is the slope of the calibration

curve.

Encapsulation of the ethanol fraction from leaves ot.eucophyllum frutescensn
polymeric nanopatrticles and its characterization

Once the validation parameters were established, NP containing HF4 were
prepared by the nanoprecipitation technique proposed by dtess{Fessiet al, 1989).
Briefly, the organic phase was prepared dissolved 15 mg of poly&etbycolic acid
(PLGA; MEDISORB 85 15 DL) and 4 mg of HF4 in 3 mL of a mixture of solvents
(acetone:methanol). The organic phase was added to 10 mL of an aqueous phase,
containing polyvinyl alcohol (PVAL) (Clariant, Mexico) as a stabilizer agent at a

concentration of 1% w/w. Then, the organic solvent was evaporated under reduced
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pressure. The NP characterization was carried out determining the particle size and
polydispersity index (PDI) by dynamic light scattering (Zetasizer Nano ZS90, Malvern
Instruments, UK). To determine the drug loading and encapsulation efficiency (%L and
%EE), the NP formulations were centrifuged at 25,000 rpm (Allegra 64R, Beckman
Coulter, USA), the supernatant was decanted, and the pellets were lyophilized (Freeze
Dry System, LABCONCO, USA). The lyophilized NP were dissolved in acetonitrile and
methanol. The obtained solutions were analyzed by HPLC to quantify the peaks
encapsulated from the calibration curve of each one, the results obtained were substituted

in the following equations:
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All the analyzes were carried out in triplicate. The experimental results were

expressed ast 1, n=3.

Determination of the antioxidant activity of the ethanol fraction from Leucophyllum
frutescensgleaves in polymeric nanopatrticles
To evaluate the antioxidant activity of HF4 loaded NP, a suspension of RBC was
prepared as previously described. For the preparation of the samples, solutions of AA and
HF4 were prepared, the volume of the NP dispersion containing HF4 was taken to obtain
the final concentrations of 25 to 20§/mL. 375 L of the AAPH solution and 250L of
the RBC suspension were added to all the samples. The antioxidant control was ascorbic
acid (AA), which was prepared at the same concentrations of the plant samplek. 375
of the AAPH solution and 250L of the RBC suspension were added to all the samples.
The oxidant control was PBS, 37k of the AAPH solution and 250L of the
RBC suspension. Two controls were added, one negative to the hemolysik (f3¥BS
and 250 L of RBC) and another positive to hemolysis (7%0of milli-Q water and 250

L of RBC). All test samples had a final volume of 10Q0 Samples and controls were
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incubated at 37 ° C for 2.5 h with constant agitation. After this time, the samples were
centrifuged at 10,000 rpm for 10 min, recovering the supernatant of all the samples and
adding them to a 96-well microplate. Finally, the absorbance of the supernatants at
=575nm was measured in a microplate reader. The results of the assay was determined
by equation 1 and 2.
All analyzes were carried out at least in triplicate. The experimental results were

expressed ast 1, n=3.

Determination of the hemolytic activity of the etanol fraction from Leucophyllum
frutescendeaves in polymeric nanoparticles

To evaluate the hemolytic activity of the HF4 in NP, a suspension of RBC was
prepared as previously described. For the preparation of the samples, the necessary
volume of the dispersion of NP containing HF4. The samples were tested in a
concentration range from WR JThe/negative control to the hemolysis was
prepared with 975L of PBS and the positive control to the hemolysis was prepared with
975 L of milli-Q water. 25 L of the RBC suspension was added to all samples, including
controls. The samples were incubated at 37 ° C forALtar this time, the samples were
centrifuged at 10,000 rpm for 10 min, recovering the supernatant of all the samples and
adding them to a 96-well microplate. Finally, the absorbance of the supernatants was
measure at=575 nm in the microplate reader. The hemolytic activity was expressed as a

percentage according to equation 3. The experimental results were expreesémas.

RESULTS AND DISCUSION

Determination of the antioxidant activity of the extracts and fractions of
Leucophyllum frutescens

Adding AAPH to RBC, free radicals are generabgdoxidative damage in the
lipids of the cell membrane, consequently, the hemolysis of the cell is induced. The
hemolysis can be avoided with the presence of antioxidant substances. The extracts and
fractions that exhibit antioxidant activity can protect the cell against oxidative damage, as

a result, the RBC lysis is avoided. Paiva-Martnsl, for example, made use of this
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method to determine the inhibition of the oxidative lysis of RBC. They obtained the
compound called and 3,4-dihydroxyphenylethanol-elenolic acid dialdehyde (3,4-
DHPEA-EDA) of olive oil and synthesized its metabolite 3,4-DHPEA-EDRAHs
objective was to induce the oxidative stress of RBC by AAPH, and to add the compounds
obtained to measure the capacity of them to protect the cells. Both compounds showed
RBC protection from oxidative hemolysis at concentrations ranging from 10 el 80
DHPEA-EDA achieved 70% of protection at 80 (Paiva-Martinset al,, 2015).

In the present study with. frutescensthe samples with the best activity were
obtained from leaves. The EMH, and the fractions HF1, HF2, HF3 and HF4 reached a
protection around 80% from 5@/mL. While, the HF5 fraction reached this percentage
from 100 g/mL (Figure 1).

, b ~ I
100 % § § I
o0 I g Yé& i\
_ 8 ¥ R
2 w I\ % %
> é \ \ N = EMH
S 70 \pi N \ \
@ LE 8| 3 3
- N L F X X " HF1
£ 50 \p %[ N 3
< R N S N HF2
S 40 N N N N
= §E 8 e 85 HF3
o ﬁ:; \ﬁ:; ~"~~""‘..:;: ﬁ;:
= 30 ﬁ :[ \ﬁ \\\:-: ﬁ
= ! \J N N NEE HF4
< 20 é \ \ \ \ e
B B B B o
10\, %5; %5; N N
o NF B e W ]
25 50 100 150 200

Concentration (pg/mL)

Figure 1. Percentage of the antioxidant activity of the methanol extract from leas ofL. frutescens

and its fractions X+ 1, n=3).

The ascorbic acid (AA) control presents antioxidant activity from §OmL
(Figure 2). The results with. frutescengevealed a protective effect at concentrations
close to plants commonly reported with antioxidant activity. Kaeinail. investigated the

aqueous and ethanol extracts of seedéigélla satival.. and the aerial part ¢fortulaca
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oleraceal. in order to evaluate the cytoprotective effect of the extracts against the
hemolytic damage induced by the free radical initiator AAPH. In general, the
concentrations tested were from 25 to 18@dmL, being from 150 g/mL where an
antioxidant effect is observed in the extracts (Karghial, 2011). In contrast, FHH
reached its highest protection capacity (around 70%) ag/0L, at higher concentrations
this property decreases. This percentage decreases because at the same time, it has a
hemolytic effect. Despite being obtained with the same solvent (hexane), the results for
FHH and HF1 are different, therefore the fractionation method influenced the antioxidant
activity of each fraction.

On the other hand, EMR reached 80% of protection from 25 tg/0L, however,
when the tested concentration was 1@0mL, its antioxidant activity decreases (Figure
2).
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Figure 2. Percentage of the antioxidant activity of the methanol extract from roots of. frutescens

and its fractions X+ 1, n=3).

As evidenced in Figure 2, the same behavior of EMR can be sésifractions.
In the hexane fractions FHR and RF1, protection above the 80% is maintained in the range
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of 10 to 12.5 g/mL, for RF2 and RF4 from 25-5@/mL and 50-150g/mL, respectively.

In contrast, the antioxidant activity in RF5 is maintained from 50 to 30QL. Probably,

the protection of the EMR, FHR, RF1, RF2 and RF4 samples decreased as presented in
Chapter 1, they have a hemolytic effect, while in RF5 there is no presence of hemolysis
All these results demonstrated that, the EMH, HF1, HF2, HF3, HF4, HF5 and RF5, could
be used in a range from 25 to 2GPmL and obtain an antioxidant effect, even, this effect

can be comparable to AA control. Meanwhile, FHH, EMR, FHR, RF1, RF2 and RF4 could

be used at specific concentrations.

Determination of the hemolytic activity of the methanol extract from leaves of
Leucophyllum frutescensind its fractions

Because, extracts and fractions obtained frofnutescenseaves showed greater
antioxidant activity, we proceeded to the determination of toximityemolysis.

The test of the extracts and their fractions was carried out according to UNE-EN
ISO 10993-4, which states that a percentage lower than 5% is considered non-hemolytic.
TEMH, HF1, HF2, HF3, HF4 and HF5 did not show hemolysis at the analyzed
concentrations (25-200y / mL), while the FHH was not hemolytic below 2&/mL.

Chromatographic analysis

Of all the plant samples with antioxidant activity evaluated in the present work,
HF4 fraction was selected to be encapsulated in NP. Firstly, it was analyzed byCa HPL
to observe its chromatographic fingerprint or its peak profile, which is a useful tool for
quality control, as well as to determine the amount of peaks or components present in the
vegetable sample (Biaat al, 2013).

The chromatographic method developed allowed the separation of four peaks or
components of interest in HF4 (Figure 3). This method was validated in order to use it for
the quantification of peaks 1-4, once the fraction in the NP was encapsulated.
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Figure 3. Chromatographic profile of the ethanol fraction fromLeucophyllum frutescenseaves (700
g/mL) obtained HPLC, showing four peaks-components of interest (retentiorirhes: 15.10, 18.20,
22.60 and 27.80 min, respectively).

Calibration curve of HF4 and validation of the chromatographic method

The regression equation of each peak-component (1-4) was obtained from the
calibration curve shown in Figure 4. As shown in Table 1, the correlation coefficients for
the calibration curve of each peak-component were greater than 0.99. LOD and LOQ for
each peak 1, 2, 3 and 4 were 43.09 and 130.58, 38.62 and 117.03, 22.29 and 67.53 and,
45.86 and 138.97g/mL, respectively.

In the area of natural products, when it is required to quantify a peak from a known
molecule present in an extract, it is compared with the standard analyzed by the same
chromatographic method. Such is the case of Assweigidavho developed and validated
a method by CLAR for the quantification of ellagic acid in the ethanol extracts from leaves
of Eugenia uniflora L. (Myrtaceae) (Assuncaeet al, 2017). In our work a
chromatographic method was developed and validated by CLAR using peaks-components

as internal markers for the quantification of HF4 in NP.
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Figure 4. Calibration curve of the four peaks-components of interest present in the ethal fraction

from Leucophyllum frutescensoots (X+ 1, n=3).

Table 1. Validation parameters of the four peaks-components of interest present in the ethanol

fraction from Leucophyllum frutescensoots by HPLC

Correlation
3 LOD LOQ

Peak-Component Regression equation coefficient

(Mg/mL) (Mg/mL)
(n

1 y = 1.4826x + 1.8489 0.99 43.83 130.58
2 y =0.4121x + 2.5638 0.99 38.62 117.03
3 y =1.9841x+14.17 0.99 22.29 67.53
4 y =0.4178x+13.207 0.99 45.86 138.97

Encapsulation and characterization of the ethanol fraction fromLeucophyllum
frutescendeaves in polymeric nanoparticles

Once the method was validated, HF4 was encapsulated in NP by the
nanoprecipitation method. The characterization of the formulation of NP with HF4 is

shown in Table 2. NP sizes were obtained around 200 nm with a homogeneous size
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distribution (0.118). The lyophilized NP pellet with HF4 was dissolved in a mixture of
acetonitrile: methanol, and the obtained solution was analyzed by HPLC. The area under
the curve of each peak was replaced in its regression equation (Table 1), in order to obtain
the concentration of the four component peaks in NP. Consequently, equations 6 and 7
were used to determine %L and %EE of peaks 1, 2, 3 and 4 in NP, being 4.13 and 19.83,
4.89 and 23.48, 12.81 and 61.52 and, 16.56 and 79.53%, respectively.

The encapsulation of the peaks increased as the hydrophobic nature of the peaks
increased, the highest hydrophobicity was observed with peak 4 and therefore the highest
encapsulation. Sanre al, obtained white tea extract by infusing the leaves in distilled
water, after, it was encapsulated in pelgaprolactone NP (PCL) and alginate as particle-
forming polymers using the nanoprecipitation technique. The optimal formulation had a
size around 380 nm and a unimodal distribution. They determined the %EE of two
catechins, (-)-epigallocatechin gallate and (-)epicatechin gallate, with values of 30.62 and
32.60%, respectively (Sanm al, 2015) In our work, higher %EE were determined,

probably due to the nature of the components present In the&escendraction.

Table II. Polymeric nanoparticles characterization containing the ethanol fraction from

Leucophyllum frutescengeaves

Quantification
Size (nm) PDI Peak-Component %L %EE
1 4.13+0.76 19.83+3.76
2 4.89+0.86 23.48+4.25
206.4+3.3 0.118+0.026
3 12.81+2.19 61.52+11.17
4 16.56+3.21 79.53+16.21
*x“1 Q
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Determination of the antioxidant and hemolytic activity of the etanol fraction from
Leucophyllum frutescengeaves
The method used to determine the antioxidant activity of the HF4 NP was by the

induction of oxidative damage of RBC with the reagent AAPH which generates
hemolysis. Hemolysis of the RBC damage can be avoided with the presence of antioxidant
substances. Figure 5 shows the antioxidant activity of HF4, HF4 NP and AA. HF4 fraction
revealed around 80% of protection against oxidative damage (antioxidant activity) at 50

g/mL. Achieving 100% antioxidant activity above 10§/mL. If this concentration is
compared with the AA molecule evaluated as an antioxidant control, HF4 had better
activity. When HF4 is encapsulated in NP, at §0mL the activity is around 80%; while
100% of antioxidant activity is reached at 10§fmL. In free HF4, total antioxidant
activity is revealed at 100y/mL. Therefore, it is demonstrated that, although this fraction

is formulated in NP, the antioxidant property is preserved.
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Figure 5. Antioxidant activity of the ethanol fraction from leaves of_eucophyllum frutescengHF4) in
its non-encapsulated and encapsulated form in biodegradable polymeric nanoparticles (NP). Ascorbic

acid (AA) was taken as an antioxidant control X+ 1 n=3).

In the aforementioned research by Sagiral, the antioxidant activity of the white

tea extracts was evaluated by theitro 2,2-diphenyl-1-picrylhydrazyl (DPPH) method.
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The best activity of PCL NP was of DPPH, observed at 30®L with 6% of inhibition
compared to the free extract that shoed 100% of inhibition of DPPH aj/2f..

They attributed this difference to the low release of polyphenols fromNFCL
(Sannaet al, 2015). Less activity is obtained at a higher concentration if it is compared
with our result, this may be due to the nature of the polymers, because PCL has a slower
degradation rate compared with polylactics (Mahapatro y Singh, 2011), which is related
to his low release. Likewise, the toxicity was evaluated by the hemolytic activity at active
concentrations, determining that there is no presence of hemolysis. This test results in the
potential use of HF4 fraction formulated or not formulated in NP for administration in the
organism, however, it is in NP where the use of the organic solvents is avoided.

CONCLUSION

The extracts and fractions bf frutescenglant showed protection, avoiding the
lysis of RBC caused by the oxidation induced with the AAPH reagent. However, FHH,
EMR, FHR, RF1, RF2 and RF4, presented their maximum antioxidant activity at low
concentrations and, subsequently, decreased when they were tested at higher
concentrations. While, EMH, HF1, HF2, HF3, HF4, HF5 and RF5 were plant samples
with antioxidant activity from 25 to 200g/mL and non-hemolytic effect. HF4 fraction
was selected for the studies that proceetid.fraction was of interest for the antioxidant
activity that it presemd at a concentration of 10@/mL, showing better activity than the
reference antioxidant molecule AA.

A method was developed to obtain the chromatographic profile of HF4 by HPLC.
The chromatographic method was validated to be used for the quantification of four peaks-
components in NP presewatin the fraction. The encapsulation of the four peaks in NP
was determined, it revealed a favorable incorporation df tifreitescendraction.

Suspensions of NP loaded with HF4 were obtained by the nanoprecipitation
method, which had a particle size around 200 nm with a homogeneous distribution.
Likewise, when HF4 was incorporated in NP the activity is conserved. Because the
encapsulation of the fraction is achieved, the incorporation of HF4 in NP is of potential
use as an antioxidant agent, its properties are preserved, and it is non-toxic at the active

concentrations.
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CHAPTER 3. RIFAMPICIN AND AN ACTIVE FRACTION OF Leucophyllum
frutescensLOADED NANOEMULSIONS, CHARACTERIZATION AND
POTENTIAL USE AGAINST Mycobacterium tuberculosis

ABSTRACT

The interest on the use of nanoemulsions (NE) is related to its application as drug delivery
systems. NE have shown several advantages such as the incorporation of hydrophobic
drugs into a hydrophilic dispersion medium, the targetirentorgan or cell, the cellular
uptake and the increased bioavailability. In recent years, special interest has been placed
on the encapsulation of natural products such as extracts and essential oils obtained from
plants to improve their biological effects. Among the plants that have been investigated is
includedLeucophyllum frutescenE RP PR Q O\ Q D P HitthashEe@ tgrRonstrated
effect against the microorganisrMycobacterium tuberculosiscausal agent of
tuberculosis. For this reason, the aim of this work was to optimize and characterize a NE
to encapsulate an active fraction from rootsLoffrutescengRF1), as well as, the
antituberculosis drug rifamgin (RIF), and to evaluate their activity vitro againstM.
tuberculosisNE were prepared by ultrasonic emulsification and the influence of different
preparation variables was tested. The results showed that at a longer time of sonication,
the size and the polydispersity index (PDI) of NE globules decreased. The increase in the
surfactant concentration, decreased the size and increased slightly the PDI. The increase
in the amount of oil phase, increased the size and decreased slightly the PDI. The
formulation of NE with a particle size around 180 nm and with homogeneous size
distribution, was used for the encapsulation of the actives (RF1 and RIF). In a previous
study, RF1 was determined as an active fraction agaihsttuberculosis. The
characterization of the loaded NE showed a particle size ofrh8Bar the determination

of the percentage of the encapsulation efficiency of RF1, most abundant peaks were
selected, being encapsulated at least 70%, while RIF was encapsulated at 99%. For the
anti-M. tuberculosis activity were tested the blank NE, RiELand RIFNE, where, the

blank NE showed inhibition at the same concentration as N\EBnd RIFNE, this
behavior can be attributed to the presence of oleic acid as the oil phase. With this work
the encapsulation and characterization of a vegetal sample (RF1) and RIF in NE are
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achieved. The optimal NEs characterized and tested are promising in the inhibKlon of

tuberculosis
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INTRODUCTION

NE are systems thermodynamically unstable and kinetically stable are on nanometric
scale(Guptaet al, 2016). The interest foME is related to the prospects of applications
such disperse systems in medicine, in pharmaceutical and cosmetic industries (Koroleva
y Yurtov, 2012).A nanoemulsion is constituted by oil, water and emulsif@uptaet al,

2016). The emulsifier or emulsifying agent is a surfactant that reduces the ¢raetinsion
between the immiscible phases, provide a barrier around the droplets and preesceocal of
the droplet{Manohararet al, 2010).

The methods for the emulsion preparation are classified in high- and low-energy.
The high-energy methods include mechanical shear such as that produced by high-shear
stirring, ultrasonic emulsification, high-pressure homogenization. The low-energy method
most widely used is phase inversion temperature (Koroleva y Yurtov, 2012).

They can be administrated by of&levalapallyet al, 2013), intranasal (Kumaat
al., 2008) topical (Hussairet al, 2016)and parenteral routé¢éradjo et al., 2011).They can
be formulated in variety of formulations such as foams, creams, liquids, ¢pedgevalet al,
2015)or gels (Hussairet al, 2016). As drug delivery systems studies have demonstrated
many advantages such as incorporation of hydrophobic drug into a hydrophilic medium,
targeting, cellular uptake and bioavailability.

A study carried out by Kumaet al., has demonstrated it with an antipsychotic
drug. A risperidone nanoemulsion (RNE) was prepared using capmul MCM as the oily
phase and tween 80 as surfactant. A mixture of transcutol and propylene glycol was used
as co-surfactant and distilled water as the aqueous phase. A risperidone mucoadhesive
nanoemulsion (RMNE) was prepared by addition of chitosan. The globule size range was
15.54.6.7 nm. They proved the biodistribution of RNE, RMNE and risperidone solution
(RS) in the brain and blood of Swiss albino rats by intranasal (i.n.) and intravenous (i.v.)
administration. The brain/blood ratios of 0.617, 0.754, 0.948, and 0.054 of RS (i.n), RME
(i.n), RMME (i.n) and RME (i.v), respectively, at 0.5 h are indicative of direct nose to
brain transport bypassing the blabdain barrier. Also, they obtained scintigraphy images
following intravenous administration of RNE and intranasal administration of RNE and
RMNE. The scintigrams demonstrate the accumulation of formulations in brain

administered via respective routes. Major radioactivity accumulation was seen in brain
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following intranasal administration of RMNE as compared to intravenous administration
of RNE. For mucoadhesive nanoemulsions indicated more effective and best brain
targeting of RSP. Added, significant quantity of risperidone was quickly and effectively
delivered to the brain by intranasal administration of formulated. This study conducted in
rats clearly demonstrated effectiveness of intranasal delivery of risperidone as an
antipsychotic agent (Kumat al, 2008).

Another study by Hussaigt al reveal controllednd extended release profdad
non-irritant properties of NE containeal broad-spectrum fungicidal antibiotic used
primarily in the treatment of life-threatening systemic fungal infectidhsy preparea
NE and NE gel for topical delivery of amphotericin B (AmB) using sefsol-218 oil, Tween
80 and Transcutol-P. Then, NE was incorporate into the carbopol gel (1% w/w)
formulation. Thein vitro drug release for AmB NE was 42.12% and AmB NE gel was
10.96%. Formulation had shown 2.0- and 9.12-fold slower drug release, respectively, as
compared to AmB solution (99.97%) in first 2 h suggesting controlledinTi¢ro skin
permeation study revealed NEs increase permeation rate. The cumulative amount of drug
permeated at the end of 24 h was found to be 254.161+ 1.45 mg, 870.42+4.2 mg and
999.81+7.3 mg for AmB DS, NE (pH 7.4) and AmB-NE gel, respectively. Also, the
irritation potential of topical formulations was evaluated on Wistar albino rats. In this
study, the results showed that no severe irritation symptoms such as erythema (redness)
and edema (swelling) during 72 h except reference poghiussairet al., 2016).

In recent years, special interest has been placed in the encapsulation of natural
products as extracts and essential oils obtained from plants to enhance their biological
effects (Blanco-Padillat al., 2014). Donset al. proved the activity of different essential
oil components: carvacrol, limonene and cinnamaldehyde in the sunflower oil droplets of
nanoemulsions. The antimicrobial activity was measured against three different
microorganisms, such &accharomyces cerevisif&TCC 16664),Escherichia coli
(ATCC 26) and_actobacillus delbrueckii spactis (ATCC 4797). The microorganisms,
FHQWULIXJHG DW USP IRU PLQ DW +«& ZHUH UHVXV
final concentration of fOCFU/mL in test tubes, where the nanoemulsions were added to
the desired final antimicrobial concentrations. The testtubes were hence incubated at 32
& IR W@erevisiaandL. delbrueckiDQG DW E. ¢@li. ARdd 2 h and 24 h, the
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surviving cells were evaluated by standard plate count method. The antimicrobial activity
of formulations was evident over a longer time scale (24 h) (Dared], 2012). Tsai y

Chen extracted catechins from tea leaf wast€aimellia sinensigL.) Kuntze. The
catechin extract was incorporated in NE and tested in human prostate cancer Zell PC-
and human fibroblast cell CCD-986SK. After 72 h incubation catechin nanoemulsion
exhibited a lower toxicity toward CCD-986SK cells than catechin extract. While, catechin
nanoemulsion had a major inhibitory effect in prostate cancelP€al proliferation with

the 1G5 being 8.5 pg/mL than catechin extract witkdBGeing 15.4 pg/mL (Tsai y Chen,
2016).

Some studies have focused on the use of plants against the microorlyanism
tuberculosis causal agent of tuberculosis, with the aim of reducing the large number of
new cases and mortalities that occur per year. The plant known as "denindgéscens
has been studied for this purpose. Molina-Salietaal determined that the methanol
extracts from leaves and roots skealactivity againsM. tuberculosigMolina-Salinas et
al., 2007). However, few compounds obtained flonfrutescenshave been identified
(Alanis-Garzaet al, 2012; Molina-Salinast al, 2011).

In this context, the aim of the study was to optimize and characterize of a NE to
encapsulate an active fraction obtained from the methanol extract of rbofsuséscens
as well as, the antituberculosis drug RIF, and ithevitro evaluation againsi.

tuberculosis.

MATERIALS AND METHODS

Preparation of Leucophyllum frutescentiexane fraction
Roots ofL. frutescenswvere collected in Monterrey, N. L., Mexico in July 2013.

Consequently, the plant material was washed, dried at room temperature and pulverized.
50 g of powdered leaves or roots were weighed, 350 mL of methanol was added. The
extracts were obtained by ultrasound (Ultrasonic Cleaners, VWR Symphony, USA). For
a period of 1 h, the temperature for the extraction was increased from 25 to 60 °C, once
reached 60 °C, three cycles of 10 min of sonication and 10 min of rest were performed.
Subsequently, the samples were filtered to obtain the solvent, which was evaporated under
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reduced pressure (Laborota 4003 control, Heidolph) in order to obtain the methanol
extract of roots (EMR). Hexane was added to the EMR, stirred to aid the solubilization of
the compounds related to the solvent, filtered to obtain the solvent and evaporated

obtaining the hexane fraction called RF1.

Preparation, optimization and characterization of nanoemulsions

Briefly, oleic acid (OA) as oil phase was emulsified in a tween 80 solution as
aqueous phase with ultrasonic emulsification (Homogeneizador, OPTIC IVYMEN
SYSTEM) with 80% amplitude. The influence of different variables in the preparation of
emulsions were proved. Firstly, different times of sonication (3, 5, 6, 7 and 8 min) were
tested with 4g of oleic acid and 96g of a tween 80 solution at 2%w/v. Then, the
concentration of tween 80 was changed (1, 1.5, 2, 3 and 4% w/v). Finally, different
amounts in oil/agueous phase were proved (1.5/98.5, 2/98, 3/97, 3.5/96.5 and 4/96 g). All
the formulations were prepared in triplicated. The hydrodynamic diameter, polydispersity
index (PDI) and zeta potential of each emulsion were measured by dynamic light
scattering (Zetasizer Nano ZS90, MALVERN). Zeta potential was determined at 5
different pH (3, 5, 7, 9 and 11). Their stabilities were followed by hydrodynamic diameter,

PDI and the separation of oil/aqueous phases over time.

Preparation and characterization of hexane fraction ot.eucophyllum frutescensnd
rifampicin loaded emulsions

Different formulations of RF1 and RIF were prepared by ultrasonic emulsification.
Briefly, the organic phase containing RF1 or RIF in oleic acid was emulsified in the
agueous phase containing a solution of T-80 (1% w/v). Then, NE were charadbgrized
the measurement of hydrodynamic diameter, polydispersity index (PDI), zeta potential
and stability. The actives in NE were quantifidgy high performance liquid
chromatography (HPLC) (WATERS).

RF1 quantification was carried out indirectly, centrifuging the samples (Eppendorf
5415 centrifuge) at 5000 rpm for 30 min, to separate the aqueous phase from the globules.

The aqueous phase was taken and analyzed on a Phenomecaxr@én with a flow of

59



0.2 mL/min at 30 °C. The mobile phase was water (A) and methanol (B) in a isocratic
elution 45:55 (A: B) for 60 min. The detection of the RIF peak was2t0 nm.

RIF quantification was carried out indirectly, centrifuging the samples (Eppendorf
5415 centrifuge) at 5000 rpm for 30 min, to separate the aqueous phase from the globules.
The aqueous phase was taken and analyzed on a Phenomec@xr@én with a flow of
0.35 mL/min at 30 °C. The mobile phase was water (A) and acetonitrile (B) in a isocratic
elution 40:60 (A: B) for 15 min. The detection of the RIF peak was284 nm.

Anti- Mycobacterium tuberculosisactivity of the active fraction of Leucophyllum
frutescensand rifampicin loaded in the nanoemulsions

The antiM. tuberculosisactivity was evaluated on the susceptible straiof
tuberculosisH37Rv by the alamar blue assay in a microplate adapting the methodology
used by Molina-Salinast al. (Molina-Salinas et al., 2007). The strain was cultivated in
Middlebrock 7H9 broth enriched with OADC (Becton Dickinson and Co., Sparks, MD,
USA) at 37 °C for 14 days. After, the strain was adjusted according to the standard scale
no. 1 of McFarland and diluted 1:20 for use in the assay. On the other hand, in a 96-well
microplate, 200 L of water was added to the wells in the periphery. While, in the work
wells, 100 L of Middlebrock 7H9 broth enriched with OADC was added. In the first well
of each row, 100L of each sample (NE blank, NE-RF1 and NE-RIF) and control samples
(RF1, RIF and tween 80 solution) were added. Once all the samples were added, serial
dilutions 1:2 of each sample were performed, taking 100f the first well and adding
them to the second well of the row, then, of the second well, LO®as taken to add
them to the third, this procedure was repeated until reaching the last well each row; the
100 L taken from the last well was eliminated. Finally, 1@0of the bacterial suspension
was added to obtain a final volume in all wells of 2Q0 All samples were prepared in
duplicate in the same day. The microplates were incubated at 37 °C for 5 days. At day 5,
20 L of the blue alamar reagent and 12of 10% v/v of tween 80 were added to all the
work wells, and the microplates were reincubated at 37 °C for 24 h. The minimum
inhibitory concentration (MIC) was determined from the color change of the blue to pink

reagent. All tests were carried out at least in triplicate.
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RESULTS AND DISCUSION

Preparation, optimization and characterization of nanoemulsions

The emulsions were prepared with oleic acid as oil phase and tween 80 as
surfactant. Oleic acid was chosen dudttauberculosihas shown the ability to utilize
this fatty acid complexed with triton as a source of carbon for growth was determined
(Hedgecock, 1970), and with a nanocarrier based in oleic acid will be pobkible
tuberculosigakes it more effectively than others.

As part of the optimization, different preparation variables of NE were evaluated.
Firstly, the influence of the sonication time (3, 5, 6, 7 and 8 min) on the particle size and
PDI was determined (Figure 1). When time was increased the hydrodynamic diameter and
PDI decreased from 215.7+3.2 nm to 155.6+0.2 nm and from 0.3191£0.025 to
0.244+0.009, respectively. The ultrasonic emulsification is very efficient in reducing
droplet size. Here, the energy is provided through a sonicator probe. It contains
piezoelectric quartz crystal which can expand and contract in response to alternating
electric voltage. As the tip of sonicator contacts the liquid, it produces mechanical
vibration and cavitation occurs. Cavitation is the formation and collapse of vapour cavities
in liquid. Thus, ultrasound can be directly used to produce emulsion (JatsataP015).

It means, more exposure time to emulsification more energy that allows smaller droplet
size. The stability tests showed in the range of 5 to 8 asigze change around 30 nm
from day O to day 77 (data not shown), being from 7 min where a homogeneous size

distribution was maintained during this period.
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Figure 1. Effect of the sonication time on the hydrodynamic diameterxg 1, n=3).

To continue with the influence of T-80 concentration was used a time sonication
of 7 min and 4g of OA. The increased of tween 80 concentration from 1 to 4% w/v
decreased the droplet size from 195.1+1.4 nm to 156.1+4.1 nm but the PDI increased
slightly from 0.201+0.006 to 0.285+0.005 (Figure 2). The same behaviors on the droplet
sizes were observed in the study carried out by Glebshl. They prepared NE by
ultrasonic emulsification with an oil phase containing cinnamon oil and Tween 80 as
surfactant. Three different cinnamon oil and Tween 80 as surfactant ratios (1:1, 1:2 and
1:3 v/v) were proved at 10, 20 and 30 min of ultrasonic emulsification and steady decrease
in droplet size of emulsion was observed from ~400 to 250 nm, ~250 to 96 nm and ~200
to 65 nm, respectively. T-80 concentration also played a major role in droplet size of
nanoemulsion. Increasing surfactant concentration resulted in decrease in droplet
diameter. Formulation with 6% surfactant concentration after sonication for 30 min was
found to be 254 nm, whereas formulation with 12% surfactant was 96 nm and formulation
with 18% surfactant has lowest droplet diameter of 65 nm after a sonication period of 30
min (Ghoshet al, 2013).
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Figure 2. Effect of the concentration of Tween 80 solution on the hydrodynamic dizeter (X+ 1, n=3).

Finally, the influence of the oil and aqueous phase amount on hydrodynamic
diameter was evaluated, maintaining a sonication time of 7 min and tween 80 solution at
1% w/v. When the oil amount increased while aqueous phase decreased the droplet size
at the same time from 126.3+0.7nm to 195.1+1.4 nm (Figues@® the PDI decreased
slightly from 0.259+0.0080 0.201+0.006. 0.259 + 0.003 to 0.201 + 0.006. Mané¢ah
found this influence on size who prepared NE by aqueous phase titration method. Capryol
90 as oil, Tween 20 as surfactant and Transcutol P as cosurfactant. They maintained a
constant percentage of surfactant (30%) and co-surfactant (10%) in the formulation and
the percentage of oil was 10, 15 and 20% at the same time the percentage of water changed
in 50, 45 and 40%. The size increased from 234.9 nm to 285.8 nm (Mah&n2015)

The size of the NE dropiesupposes an increase, when increasing the oil ratio, the amount
of phase is reduced, as a consequence the chains of the surfactant are reduced, increasing

the interfacial tension (Det al, 2016).
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The NE prepared for the evaluation of the influence of the preparation variables were
stable up to 77 days, likewise, all the formulations showed a negative zeta potential. The
negative value can be explained by the presence of negatively charged carboxyl groups of
oleic acid (Laouinket al, 2012). The negative value can be explained by the presence of
negatively charged carboxyl groups of oleic acid (DeRuiter, 2005). The pKa of oleic acid
is 5.02 (Pubchem). This explain when we compared at pH 3 the zeta potential is closer 0
(around -3 mV) with pH 5 to pH 11 (-40 to -70 mV) a greatly increased in the negativity
can be observed.

Preparation and characterization of the hexanic fraction ol.eucophyllum frutescens
and rifampicin loaded in nanoemulsions

Subsequently, an optimal NE was selected for the preparation of two formulations,
for the encapsulation of RF1 and RF1. For the preparation oNEF4Rd RIFNE the
sonication time of 7 min, the concentration of T80 at 1% w/v and the ratio in the amount
of oleic acid and aqueous phase of 3.5/96.5 were selected. g. The obtained particle size
with these variables was around 180 nm (Table I) and a homogeneous size distribution
(Figure 4).
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Table I. Characterization of nanoemulsions containing rifampicin and the hexamfraction from

Leucophyllum frutescensoots

_ Hydrodynamic _ o
Active ] PDI Encapsulation efficiency (%)
diameter (nm)
RIF 179.3+3.5 0.213+0.014 99.9+0.0
Peak5 75.8+3.5
Peak9 86.5+4.7
RF1 179.1+1.4 0.217+0.002 Peakl10 72.8+0.4
Peakl4 70.6x17.4
Peakl5 84.745.3
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Figure 4. Size distribution of nanoemulsions by intensity percentage: (A) rifampicin loaded

nanoemulsion; (B) hexane fraction from roots of.eucophyllum frutescens

Lately, the encapsulation of both active in NE was determined by CLAR. In Figure
5 the chromatogram with the RIF peak in an agueous solution is observed. When the

sample obtained from the centrifugation of the NE was analyzed, it was determined that

the molecule is 99% encapsulated. Ahraedl prepared a NE with RIF using Sefsol 218

as oil and T80 as emulsifier and tween 85 as a co-emulsifier. They found an encapsulation

efficiency of around 100% with stability for more than 19 months (Aheted, 2008).
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On the other hand, RF1 was dissolved in methanol in order to observe its
chromatographic profilet showed 15 peaks (Figure 6). The peaks 5, 9, 10, 14 and 15
were selected for their quantification within the NE, obtaining an encapsulation efficiency
greater than 70%. Similar results were obtained byeHal when determined the
encapsulation of lycopene in a tomato extract formulated in NE, which was 51 to 65%
(Haet al, 2015) For both formulations, a negative zeta potential (Figure 7) and stability

(without phase separation) were observed over 77 days (Figure 8).
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Figure 5. Chromatogram of rifampicin in water (9 g/mL) obtained by CLAR: (A) water peak; (B)
rifampicin peak, retention time = 3.2 min.
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Figure 6. Chromatogram of the hexane fraction from roots of_eucophyllum frutesceng230 g/mL)
obtained by CLAR: (A) peaks of methanol.
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Anti- Mycobacterium tuberculosisactivity of the active fraction of Leucophyllum
frutescensand rifampicin loaded nanoemulsions
Finally, the activity againdtl. tuberculosisof the three NE (blank NE, RIRE

and RFINE) was evaluated by alamar blue microplate method. The test is based on the
color change from blue to pink of the reagent. MIC of RIF and RF1 without encapsulation
was 0.19 and 40g/mL, respectively. Blank NE showed inhibition when oleic acid and
T80 were at 68.10 and 18.7% / mL, respectively. While the IR-NE and RFINE
showed inhibition when the actives were at a concentration of 0.19 and @ra®,
respectively, butOA and T80 were at a concentration of 68.10 and 18g/snL,
respectively, as in blank NE. Choi proved an unsaturated acid called linoleic. arid (

form) against M. tuberculosis, in both cases fatty acid forms obtained a MIC gfiiib
(Choi, 2016). Therefore, in our study, the inhibition of blank NE can be explained by the
presence of oleic acid. It was not possible to observe the effect of the activity of RIF and
RF1 when they were in NE due to the presence of the fatty acid.

CONCLUSION

The effect of sonication time, surfactant concentration and oil/agueous phase ratio
on particle size, PDI, zeta potential and stability for NE optimization was tested. The
optimal formulation was used for the encapsulation of RF1 and RIF having a diameter
around 180 nm, homogenous size distribution, negatively charged and, theestatobs
for 77 days. Both formulations showed high efficiency of encapsulation. Thé&lanti-
tuberculosisactivity showed inhibition in the same concentrations including blank NE,
this behavior can be attributed due to the presence of oleic acid as oil phase. The optimal

NE characterized and tested are promising for their use alyhinsberculosis
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VIIl. CONCLUSIONS

In this study some investigations with the extracts and fractionslfrémtescens
were carried out in order to obtain a broader knowledge about the biological activity
present in the plant. Likewise, the vegetable samples that showed activity were
encapsulated in free systems of organic solvents. NP has shown to be a good alternative
to load actives into nanoparticles. As good delivery systems, actives loaded into
nanoparticles show stability, protection, controlled release and targeted. Different
parameters during nanoprecipitation process can be modified to obtain a formulation with
the desirable characteristics on the size, storage stability, active encapsulation and
electrostatic charges.

Based on the antimycobacterial activity revealed by previous studies, the first part
of this work was focused on testing the effect ofrutescensgainstM. tuberculosigo
propose it as a co-adjuvant of the drugs used for the tuberculosis treatment, such as RIF.
To obtain the methanol extract from leaves and rootk. dfutescensan ultrasound
method was developed, which allowed a good performance to be obtained in a short time
(2 h). Two different fractionation methods were developed in order to obtain the hexane
fraction of leaves and roots, the percentage of yield obtained with both methods was close.
However, method 2 was selected to continue with the following partitions because it is
faster and easier to execute. The chromatographic profiles of the extracts and fractions
were obtained through HPLC, these results reveal that there is the same number of peaks
between the extract (leaves or roots) and the fractions obtained from it; in roots there is
higher number of peaks than leaves.

The evaluation of the activity againdt tuberculosisof the extracts and fractions
of L. frutescensevealed thaih roots are more activity than in leaves, specifically, EMR,
FHR and RF1 (MIG= 100, 40 and 40g/mL, respectively). Biodegradable NP of RIF and
vegetable samples (EMR, FHR and RF1) lof frutescenswere prepared by
nanoprecipitationNP showed a size from 140 to 190 nm, with homogeneous distributions
and negative zeta potential. RIF had a MIC of 0.@0nL, but when RIF is encapsulated
in NP-PLGA-PVAL, it enhanced its activity (0.1@/mL) againsi. tuberculosisOn the
other hand, the hexane fractions in NP had more activity than free. The most active
formulation was NP-PLGA-FHR and NP-PLGA-RF1 with a MIC of &mL for both.
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The combination of FHR and RF! with RIF decreases the MIC value in both cases,
demonstrating a better effect. Finally, the toxicity of the best samples was proved, at the
active concentrations agairidt tuberculosiRIF and NP-RIF did not present hemolysis
Whereas, RF1 and NP-RF1 steshhemolysis. However, when RF1 is combined with

RIF, the concentrations decreased from 40 todfL for RF1 and from 80 to 20Qy/mL

for RF1 loaded NP, and at these concentrations there is no presence of hemolysis. This
suggestd that the encapsulation of RF1 in NP faaithe reduction of its toxicity.
Therefore, an alternative to make use of the hexane fraction from rdotgrofescens

with potential activity againsi. tuberculosis at concentrations below the hemolytic
effect, is to combine it with conventional antituberculosis drugs such as RIF, and thus, to

enhance the activity.

Because oL. frutescenshas been less studied for its antioxidant capacity, the
second part of ik work was focused on the antioxidant effect of the previously obtained
extracts and fractions. The extracts and fractions ofLthieutescensplant showed a
certain degree of protection, avoiding the lysis of RBC caused by the induced oxidation
of AAPH reagent. FHH, EMR, FHR, RF1, RF2 and RF4 presented their maximum
antioxidant activity at low concentrations and, subsequently, decreased when they were
tested at higher concentrations due to a hemolysis effect. EMH, HF1, HF2, HF3, HF4,
HF5 and RF5 were samples with antioxidant activity from 25 to 2Z@L and without
hemolytic effect, being selected the fraction HF4 for the studies that proceeded.
Suspensions of HF4 loaded NP were obtained by the nanoprecipitation tecNiHdnael,

a particle size around 200 nm with a homogeneous distribution. A chromatographic
method was patrtially validated to be used for the quantification of the peaks-components
present in HF4, from which the encapsulation of four peaks in NP was deterihined,
revealed a favorable incorporation of thefrutescendraction. Finally, when HF4 was
incorporated in NP the antioxidant activity was conserved. For this reason, the
incorporation of HF4 loaded NP is promising as an antioxidant agent because the
encapsulation of the fraction is achieved, its properties are preserved, and it is non-toxic

at the active concentrations.
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An important part of the characterization of nanoparticulate systems is the
determination of the percentage drug loading and encapsulation efficiency, for this raison
a method of quantification by HPLC was developed and validated using the peaks-
components of the plant as internal markers. Therefore, in thiswepkoposed a new

strategy for the quantification of extracts or fractionk.dfutescens

In the last part of the study, to make use of a sustained release system different of
NP was proposed. Studies with NE were carried out testing the effect of sonication time,
surfactant concentration and oil/water ratio on particle size, PDI, zeta potential and
stability. The optimal formulation was selected for the encapsulation of RIF and the active
fraction RF1 againstM. tuberculosisNE had a diameter around 180 nm, homogeneous
size distribution, negatively charged and stable for 77 days. Both formulations showed
high encapsulation efficiency. The aMi-tuberculosisactivity showed inhibitiorat the
same concentrations including blank NE, this behavior can be attritautiee presence
of oleic acid as oil phase. Thus, the optimal characterized and tested NE can be promising
in the inhibition ofM. tuberculosis.

With the results obtained in our work, the knowledge about tfeitescenplant
is extended, either by its activity agaifdt tuberculosisor by its antioxidant activity.
Likewise, it is revealed that NP or NE are a promising alternative to load extracts or

fractions of the plant, converting them into a viable formulation for its administration.
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IX. PERSPECTIVES

Based on the results and conclusions obtained in this Doctoral Thesis, the perspectives

are oriented in different directions.

In the Chapter 1, the ressiielated to RIFL. frutescensNP and its activity against
M. tuberculosisvere shown. For this first section, future research would be abwitrio
release studies of the active formulations obtained in order to know the time of release of
the actives to the environment in which they would be in the body and, also, to propose
their release mechanisms. Because the target organ of the formulations are macrophages,
in vitro studies on macrophages would be promising. Likewise, from the favorable results
obtained on the combination of the drug RIF and the formulation of NP-PLGA-RF1, we
propose to work with the tests to determine the synergism effect. On the other hand, it
would be interesting to know about the distribution of the active formulations in an
organism, for which we suggestcarry outin vivobiodistribution studies of RIF and RF1
free and encapsulated into NP, individually and in combination. The final perspective to
this chapter is to carry out the studies of isolation and identification of the compounds
from the extracts and root fractionsloffrutescensghat have the best activity agaimst
tuberculosis encapsulation of the compounds in NP, the characterization of NP and

studies of their effect oll. tuberculosis

In the Chapter 2, the results related térutescensNP and its antioxidant activity
were presented, due to the promising results obtained with the antioxidant effect of the
plant, future investigations would be studiesrofitro release of the active encapsulated
into formulations in order to know the time of release towards the environment in which
they would be in the organism, also, to propose its release mechanisnrs \ana
biodistribution studies

Finally, in the Chapter 3, the results related to RIF, RF1, NE and their activity

againstM. tuberculosisvere shown. Based on our research, it will be of great interest to
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work on the formulation, determining the oil phase and aqueous phase that does not
present activity in the microbiological studies.

For all the formulations obtained in this thesis work, othevitro andin vivo

methods should be carried out to expand knowledge about toxicity.
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7.2.  Applications in agricultural and food industry
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Clinical trials of drug loaded nanoparticles prepared by nanoprecipitation

10.  Industrial scale-up of nanoprecipitation method ................

1. Advantages and disadvantages of nanoprecipitation
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1. Introduction

Conventional drug delivery systems like tablets, capsules,
solutions etc. are still the most used ways for medicines
administration, Such formulations present many advantages such
as, full control of preparation processes, common availability of
manufacturing facilities and efficacy. Furthermore, major advances
have been made to enhance drugs solubility and sustained release.
Various excipients could be added to improve drugs properties and
biodistribution. These advances enabled widening of used arsenal
against diseases. However, in most cases, in vivo activity of
conventional dosage forms remains limited to drug physicochem-
ical properties. Consequently, stability, taste and absorption
concerns are still observed. In addition, targeting specific tissue
or cells could not be reached. For these reasons, encapsulation
appeared as an interesting approach for drug delivery. In fact,
major advances have been made, since the last decades, toward
preparation of drug delivery systems that are based on entrapment
of actives in various structures. Several techniques have also been
used for encapsulation such as, emulsion solvent evaporation,
nanoprecipitation, emulsion solvent diffusion, ethanol injection,
ionic gelation etc. Major pharmaceutical forms prepared via these
techniques are nanospheres, nanocapsules, microspheres, micro-
capsules and liposomes. Among these techniques, nanoprecipita-
tion seems to be the most simple and reproducible. This made it
one of the most commonly used approaches for the nanoparticles
preparation. Several polymers are used to encapsulate drugs with
nanoprecipitation. Among them, we could cite biodegradable
polyesters such as, polylactide (PLA), polylactide-co-glycolide
(PLGA) and poly-¢-caprolactone (PCL). Obtained particles could
be either nanocapsules or nanospheres. Nanocapsules are vesicles
with core-shell structure in which the drug is confined within a
cavity surrounded by a polymeric membrane. Nanospheres are,
however, particles in which the drug is either dissolved or
dispersed within the polymer matrix (Mora-Huertas et al., 2010;
Letchford and Burt, 2007). Nanoprecipitation is based on the
interfacial deposition of a polymer following the displacement of a

Hollow core

Capsule structure of drug
encapsulation

/ Polymer

_Dng

semi-polar solvent miscible with water from a lipophilic solution
(Fessietal., 1989). Itis an easy and reproducible technique that has
been widely used in the preparation of nanoparticles. In this
review, the state of the art of this technique is performed.
Definition of the method is provided. Nanoprecipitation mecha-
nism and applications are also discussed.

2. Encapsulation of active pharmaceutical ingredients

Encapsulation has been broadly explored in the fields of
pharmaceuticals, agriculture, food, cosmetics, and textile indus-
tries over the past decade (Ghosh, 2006). Modern technologies
recently paved the way to the evolution of indigenous pharma-
ceuticals. Therefore, advanced drug deliveries are successively
taking the place of conventional dosage forms that were less
flexible and less sophisticated. The fact of overcoming these
conventional dosage forms constraints attracted a special atten-
tion. Bioavailability, stability, taste, and odor could be among the
aforementioned barriers. In this regard, encapsulation takes a
crucial part in order to overwhelm these challenges (Igbal et al.,
2015). According to the biopharmaceutical classification system
(BCS), 40% of the currently commercialized drug molecules on the
market are poorly soluble while 90% of drug molecules in drug
development pipeline are also categorized as poorly soluble
(Loftsson and Brewster, 2010). In addition, drugs encapsulation
could play an important role in prevention of active ingredients
from degradation and obtaining of controlled or targeted drug
release systems. In fact, following active molecule encapsulation,
biodistribution would no longer be related to drug itself but to
carriers physicochemical properties (Armenddriz-Barragan et al,,
2016). Drug encapsulation as the best approach through the
employing of biodegradable polymers may provide the biocom-
patible, easily administered, safe, comfortable and inert drug
delivery system. Indeed, delivery system possessing such proper-
ties could be defined as an ideal drug delivery system (Kalani and
Yunus, 2011). The adequate encapsulation method should be
selected based on the hydrophobic or hydrophilic properties of

Polymer core

Sphere structure of drug
encapsulation

Fig. 1. Schematic representation of encapsulation forms.
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drugs (Jelvehgari and Montazam, 2012). Fig. 1 shows examples of
structures that could be obtained by encapsulation.

To resume, drugs encapsulation might be used for several
reasons such as:

o Drug release prolongation,

o Design of targeted drug delivery,

» Mask unfavorable organoleptic properties (taste, odor, color),

o Protection of sensitive drugs from digestive tube contents
degradation effect,

o Insurance of drug molecules stability toward environmental
destructive factors such as, oxygen, temperature, moisture and
light,

o Reducing the vaporization of volatile materials,

» Prevention of drugs incompatibility,

« Toxicity moderation,

o Hygroscopic characteristic decline of substances,

 Design of new dosage forms, (Singh et al., 2010)

3. Encapsulation based marketed products

The main aim of nanotherapeutics research and development in
the pharmaceutical industry is to provide new approaches for the
treatment of diseases. Some encapsulation based drug delivery
systems are already marketed (see Table 1). Nevertheless, nano-
therapeutics commercialization faces major challenges and
hurdles such as: (a) deficit of quality control; (b) separation from
unwanted nanostructures (e.g., products and starting materials);
(c) scalability related issues; (d) improvement of production scale;
(e) batch to batch reproducibility in terms of particles distribution
of size, charge, porosity, and mass; (f) high manufacturing price;
(g) information shortage concerning nanosystems and living cell
interaction (e.g., biocompatibility and toxicity); (h) therapeutic
capacity optimization of nanotherapeutics; (i) investment doubt
by pharmaceutical industries on nanotherapeutics. (j) regular
targeting of negative features of nanomaterials by media, in
absence of clear scientific proof (Hafner et al., 2014).

4. Nanoprecipitation

Nanoprecipitation was patented by Fessi et al. in 1989 (Fessi
et al, 1989). After its development, it was mostly employed for

Table 1

encapsulation of hydrophobic drug molecules (nanocapsule or
nanosphere forms). To this end, several polymers, notably,
biodegradable polyesters like polylactide (PLA), polylactide-co-
glycolide (PLGA) and poly-g-caprolactone (PCL), have been used
(see Table 2). As reported by Fessi et al. (1989), in this method
solvent and nonsolvent phases preparation is required which is
followed by the addition of one phase to another under moderate
magnetic stirring (See Fig. 2). Organic solvent evaporation at
ambient temperature or with a rotavapor allows the obtaining of
nanoparticles (NPs) suspension in water. Ultracentrifugation and
freeze drying are two methods that could be employed in next step
for aqueous phase removal. Basically, the solvent phase comprises
a film-forming material, one or more drug molecules, a lipophilic
surfactant, and one or more organic solvents. Solvent and
nonsolvent phases are usually named as organic and aqueous
phases, respectively. Film-forming materials could be natural,
synthetic or semi-synthetic polymers. To provide nanocapsules
instead of nanospheres, mineral oil or vegetable oil would be
added. The NPs aggregation could be avoided by adding surfactants
into the formulation (Miladiet al., 2016). Surfactants can affect NPs
characteristics as well. For instance, b-c-tocopheryl polyethylene
glycol 1000 succinate (TPGS) is broadly used in nanoprecipitation
technique. It is recognized as an excellent emulsifier due to its
bulky structure and large surface area (Zhu et al., 2016). This water-
soluble derivative of a natural vitamin is also suggested as
copolymer to form amphiphilic block biodegradable copolymers.
Its potential to form polymeric NPs by self-ensemble effects is due
to the hydrophobic-lipophilic interactions (Zeng et al., 2013). TPGS
has been successfully co-ensembled to PLA (Wang et al., 2015; Zhu
etal., 2016), PLGA (Tao et al., 2016, 2015) and PCL (Cao et al., 2015)
for cancer treatment applications. In nanoprecipitation technique,
parameters modification causes crucial change in physicochemical
characteristics of NPs such as, size, drug encapsulation efficiency
and so on. Process and formulation related parameters impacts are
figured out in Table 3.

The most used solvents in nanoprecipitation method are
ethanol, acetone, hexane, methylene chloride or dioxane. Mostly,
non-solvent (or aqueous phase) is water. However, hydrophilic
excipients could be also added to the nonsolvent phases.
Transmission Electron Microscopy (TEM), Scanning Electron
Microscopy (SEM) or dynamic light scattering (DLS) could be
used in order to characterize produced particles in terms of size
and surface morphology (Mora-Huertas et al., 2010; Miladi et al.,

Examples of marketed drug delivery carriers with their composition and date of approval in EU and US (Bomgaars et al., 2004; Chang and Yeh, 2012; Mitchell, 2005; Schmidt

et al., 2011; “Vincristine Liposomal—INEX," 2004; Wacker, 2013).

Encapsulated Trade name  Drug carrier material ~ Carrier system Administration  Application Approval

drug route

Leuprolide Lupron Poly lactic acid Microparticles Intramuscular Analog of gonadotropin-releasing hormone 1989, USA

Depot™

Amphotericin B Ambi " Phospholipid Lip Intravenous Visceral leishmaniasis treatment 1990, Europe 1997,
USA

Doxorubicin Doxil ™ Phospholipids Liposomes Intravenous Anticancer therapy 1995, USA 1996,
Europe

Daunorubicin ~ DaunoXome™ Phospholipids Liposomes Intramuscular ~ Anticancer therapy 1996, Europe 1996,
USA

Cytarabine Depocyt* Phospholipid Lip s Intrathecal Lymphomatous meningitis treatment 1999, USA

Doxorubicin Myocet™ Phospholipid Lip Intravenous Anticancer therapy 2000, Europe

Verteporfin Visudyne™ Phospholipid Lip s Intravenous Photodynamic treatment of age-related macular 2000, USA

degeneration

Morphine DepoDUR™ Phospholipid Lip Epidural Analgesia 2004, USA

Vincristine Onco TCS*® Phospholipid Lip Intravenous Anticancer therapy 2004, USA

Doxorubicin Transdrug™  Poly-iso-hexyl- Nanoparticles Hepatic intra- Hepatocellular carcinoma treatment 2005, USA

cyanoacrylate arterial
Paclitaxel Abraxane™ Human serum albumin Nanoparticles Intravenous Anticancer therapy 2005, USA 2008,

Europe
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Table 2
Mostly used polymers in nanoparticles preparation by nanoprecipitation method.
Type Group Polymer Name (Common References
abbreviation)
Biodegradable Polysaccharide Starch Qin et al, (2016)
Chitosan Luque-Alcaraz et al. (2016)
Protein Gelatin Han et al. (2013)
Bovine serum albumin (BSA) Ge et al. (2012)
Polyester Polylactic acid (PLA) Bazyliriska et al. (2014)
Poly e-caprolactone (PCL) Mazzarino et al. (2012)
Polylactic-co-glycolic acid (PLGA) Siqueira-Moura et al. (2013)
Polyether Polyethylene glycol (PEG) Simgek et al. (2013)
Non- Polymethacrylate Eudragit® Averina and Allémann (2013), Katara and Majumdar (2013), and Kumar et al.
Biodegradable  Acrylate (2016)
Organic phase

(polymer + water miscible solvent)

Aqueous phase

(Water + stabilizer)

(@

Polymer

(b)

Fig. 2. (a). Nanoprecipitation schematic rep!

Polymer chains

Solvent evaporation

Encapsulated
drug

ion, (b). i

of drug encap

into a preformed polymer.
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APPENDIX Il
PARTICIPATION IN CONGRESSES
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