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ABSTRACT

The prevalence of metabolic disorders is rising lshwpide. Botanicals, such as

rosemary Rosmarinus officinali&.) and ash tree seedsréxinus excelsiot..), may be an
alternative to ameliorate these disorders. The otibe of this doctoral thesis was to
generate industrial extracts from the edible paftsthese plants; identify their chief
constituents by HPLC, HPLC-MS, and NMR; and deteentheir efficacy and safety.
Three rosemary extracts were developed —standardi@ae20% carnosic acid, 20%
rosmarinic acid, and 40% ursolic acid. The ursalgid-rich extract showed the lowest
antioxidant capacity in ORAC and FRA® vitro models, while the other two extracts had
higher capacities. However, the carnosic acid-exfract (RE) was better in inhibiting the
oxidation of LDL ex vivq and was the only one selected for further studiesash tree
seed extract (FE) was developed according to #sdittonal use in Morocco, being
identified salidroside and 9 secoiridoid glycosidego of them were discovered for the
first time: Excelside A and Excelside B. im vitro studies, RE and FE activated nuclear
receptors that regulate glucose and energy honmestand acted on antiobesity and
dyslipidemia mechanisms —RE activated PRA®Rd inhibited pancreatic lipase, and FE
stimulated PPAR and prevented preadipocyte differentiation. Theacities of both
extracts to counteract metabolic disorders werdiroed in C57BL/6J mice administrated
with low-fat diet; high-fat diet; or high-fat digius 0.5% RE (HFD.RE) or 0.5% FE (FED)
during 16-weeks. HFD.RE limited the increase ofypadd epididymal fat weight by 69%
(P<0.01) and 79% (P<0.001), respectively. HFD.R#® abduced fasting glycaemia (72%,
P<0.01) and plasma cholesterol levels (68%, P<(Q.0BED decreased blood glucose
(76.52%, P<0.001), plasma insulin level (53.43%0.B5), and body weight gain (32.3%,
P<0.05). Finally, a screening model against glu¢é8g) was used to assess the effect of
FE (1.0g) on plasma glucose and insulin levels IRGI on 16 healthy volunteers. FE
reduced the glycemic-AUC (P=0.02), but not the linsumic-AUC. The two extracts were
safe. Additional long-term interventions in humamns warranted.

Keywords: Antioxidant; glycaemia; body weight; FRAFraxinus excelsiolL.; insulin;

ORAC,; pancreatic lipase; polyphenols; PPARsmarinus officinalig; secoiridoids.






RESUMEN

La prevalencia de los trastornos metabélicos as@endo a nivel mundial. Botanicos,
como el romeroRosmarinus officinalis.) y las semillas de fresné&raxinus excelsiot..),
pueden ser una alternativa para mejorar esto®mmast El objetivo de esta tesis doctoral
fue generar extractos industriales de las partegstibles de estas plantas, identificar sus
compuestos por HPLC, HPLC-MS y RMN, y determinar eficacia y seguridad. Se
desarrollaron tres extractos de romero - estaratdoz al 20% de acido carndsico, 20% de
acido rosmarinico, y 40% de &cido ursdlico. El @stiv rico en acido ursélico mostro la
menor capacidad antioxidante en modelos ORAC y FRARtro, mientras que los otros
dos extractos tuvieron capacidades mas elevadasndargo, el extracto rico en &cido
carndsico (RE) fue superior en la inhibicion dex&daciéon de LDLex vivq y fue el Unico
seleccionado para estudios posteriores. Se ddéanrokextracto de semilla de fresno (FE)
de acuerdo a su uso tradicional en Marruecos, siaddntificados salidrosido y 9
glucésidos secoiridoides, dos de ellos fueron desdios por primera vez: Excelside Ay
Excelside B. En estudids vitro, RE y FE activaron receptores nucleares que redalan
homeostasis de la glucosa y la energia, y actussbre mecanismos contra la obesidad y
la dislipidemia - RE activa PPARe inhibe la lipasa pancreatica, y FE estimula P@HR
evita la diferenciacion de preadipocitos. La efigate ambos extractos para el control de
trastornos metabdlicos fue confirmada en ratonesBCHJ administrados con una dieta
baja en grasa, una dieta alta en grasa, o unaaliatan grasa mas 0.5% RE (HFD.RE) o
0.5% FE (FED) durante 16 semanas. HFD.RE limitauehento del peso corporal y grasa
en el epididimo en un 69% (P<0.01) y 79% (P<0.0tEgpectivamente. HFD.RE también
redujo la glucemia (72%, P<0.01) y los niveles diesterol (68%, P<0.001). FED redujo
la glucemia (76.52%, P<0.001), insulinemia (53.43240.05), y la ganancia de peso
(32.3%, P <0.05). Por ultimo, se utiliz6 un moddko tolerancia a la glucosa (50g) para
evaluar el efecto de FE (1.0g) en glucemia e insulia en una PCA con 16 voluntarios
sanos. FE redujo la ABC-glucémica (P=0.02), perolaxdABC-insulinémica. Los dos
extractos fueron seguros. Futuros estudios en hosrestarian garantizados.

Palabras clave Antioxidante; FRAP;Fraxinus excelsior.; glucemia; insulina; lipasa

pancreatica; ORAC; peso; polifenoles; PPA®smarinus officinalik.; secoiridoides.






RESUM

La prevalenca dels trastorns metabolics esta are&aivell mundial. Botanics, com el
romani Rosmarinus officinalig.) i les llavors de freixeHraxinus excelsiot..), poden ser
una alternativa per millorar aquests trastornsbjectiu d'aquesta tesi doctoral va ser
generar extractes industrials de les parts confestidaquestes plantes, identificar els seus
compostos per HPLC, HPLC-MS i RMN, i determinaiséva eficacia i seguretat. Es van
desenvolupar tres extractes de romani - estandatslial 20% d'acid carns, 20% d'acid
rosmarinic, i 40% d'acid ursolic. L'extracte ricamid ursolic va mostrar la menor capacitat
antioxidant en models ORAC i FRAP in vitro, meree els altres dos extractes van tenir
capacitats més elevades. No obstant aix0, I'etracen acid carns (RE) va ser superior en
la inhibicié de l'oxidacioé de LDL ex vivo, i va shiinic seleccionat per a estudis posteriors.
Es va desenvolupar un extracte de llavor de fréibe€) d'acord al seu Us tradicional al
Marroc, sent identificats salidrosido i 9 glucoss#goiridoids, dos d'ells van ser descoberts
per primera vegada: Excelside A i Excelside B. Btudisin vitro, RE i FE activar
receptors nuclears que regulen la homeostasi deutasa i I'energia, i van actuar sobre
mecanismes contra l'obesitat i la dislipidemia -REfiva PPAR i inhibeix la lipasa
pancreatica, i FE estimula PPAR evita la diferenciacié de preadipocitos. L'efica
d'ambdés extractes per al control de trastorns buéta va ser confirmada en ratolins
C57BL/6J administrats amb una dieta baixa en graig dieta alta en greix, o una dieta
alta en greix més 0.5% RE (HFD.RE) o 0.5% FE (FHEOrant 16 setmanes. HFD.RE va
limitar I'augment del pes corporal i greix al egidi en un 69% (P<0.01) i 79% (P<0.001),
respectivament. HFD.RE també va reduir la gluce(@2%, P<0.01) i els nivells de
colesterol (68%, P<0.001). FED va reduir la glu@r¥6,52%, P<0.001), insulinemia
(53.43%, P<0.05), i el guany de pes (32.3%, P<0BiBiaIment, es va utilitzar un model
de tolerancia a la glucosa (50g) per avaluar fefde FE (1.0g) en glucémia i insulinémia
en una PCA amb 16 voluntaris sans. FE va reduBCQAylucémica (P=0.02), perd no
I'ABC-insulinémica. Els dos extractes van ser seghkuturs estudis en humans estarien
garantits.

Paraules clau: Antioxidant; FRAP; Fraxinus excelsiorL.; gluceémia; insulina; lipasa

pancreatica; ORAC; pes; polifenol; PPARysmarinus officinali&.; secoiridoids.






INTRODUCTION

The prevalence of metabolic disorders is risingndcally in industrialized and

developing nations. Obesity is reaching epidemapprtions worldwide (WHO, 2009) and
is an established risk factor for various comotigdi such as diabetes mellitus,
dyslipidemia, and cardiovascular disease (Andemsath Konz, 2001;Czernichow et al.,
2002;Unwin et al., 2010).

Due to dissatisfaction with high costs and potdgtidnazardous side effects of
pharmaceutical drugs (de Simone G. and D'Addeo82X&amadoukis et al., 2009), the
potential of using natural products to treat olyesind metabolic disorders is being
examined (Yun, 2010). For example, the adminigtratif plant-based treatments might be
an excellent strategy to prevent obesity and dexb@te, 2008).

Botanical extracts, however, are not always weliepted due to issues over the
identification and standardization of active compasi and quality control (Raskin and
Ripoll, 2004); thus, botanical extracts that areemded to elicit health benefits must be
produced and characterized properly.

Metabolic disorders, including obesity and diabetes linked to an increased oxidative
stress (Valko et al., 2007). This stress can begatéd on administration of plant extracts
that have antioxidant capacity (Seifried et al.020 Molecules can be targeted by plant-
based compounds to prevent the development of wiatatisorders, such as peroxisome
proliferator-activated receptor-alpha (PPARand -gamma (PPAR (Shay and Banz,
2005), which are transcription factors that regulanergy homeostasis (Staels and
Fruchart, 2005). PPARregulates genes that mediate fatty acid uptake caidhtion,
inflammation, and vascular function, and PRA&overns genes that control fatty acid
uptake and storage, inflammation and glucose hotasisyStaels and Fruchart, 2005).

One of the most promising strategies of reducirgr@nintake through gastrointestinal
mechanisms without altering central physiologicalgesses is the development and use of
inhibitors of nutrient digestion and absorptionréBi and Bhutani, 2007). Dietary fat is not
absorbed directly by the intestine unless it hasnb&cted on by pancreatic lipase. Thus,
pancreatic lipase activity is one of the most wydglidied mechanisms for which a natural

product’'s efficacy as antiobesity agent is deteadin(Birari and Bhutani, 2007).



Alternatively, one can examine the inhibition ofeistinal glucose uptake that is affected by
secondary metabolites from plants (Welsch et 8I89iKottra and Daniel, 2007;Kwon et
al., 2007).

Of plant extracts that have antiobesity and anieli@ properties, those from the edible
parts of rosemaryRosmarinus officinalid..) and the seeds of the ash trégakinus
excelsiorL.) are among the most promising for use as nutitiazads.

Rosemary is an aromatic Mediterranean plant thaised in traditional meals and
several industrial food applications (Etter, 200Rgcently, rosemary extracts that have
been standardized for carnosic acid and carnos® atiained antioxidant status, garneging
an E rating from the European Food Safety Authpritynfirming its importance as a
natural preservative in foods and beverages (Aguitaal., 2008). Rosemary has many
health benefits (al-Sereiti et al., 1999), andetfects on oxidative stress (Etter, 2004),
inflammation (Takaki et al., 2008;Altinier et al2007); obesity (Takahashi et al.,
2009;Harach et al., 2009), and diabetes (Bakiral.e2008;Rau et al., 2006) are central to
the prevention of metabolic disorders.

Several studies have demonstrated that the bi@bgictivities of rosemary are
attributed to its carnosic acid, carnosol, rosmaratid, and ursolic acid content (Jang et
al., 2010;Aruoma et al., 1992;Lo et al., 2002;Ke@sand Yokoi, 2003;Ninomiya et al.,
2004;Perez-Fons et al., 2006;Wijeratne and Cuppé@/;Yu et al., 2009;lbarra et al.,
2010). But, whether these activities are due toingles bioactive compound or the
combination of several agents is unknown.

The common ash is a tree that grows naturally rimp&rate regions across Europe and
Asia (Plidra and Heuertz, 2003;Eddouks et al., 200% exists throughout southeastern
Morocco (Eddouks et al., 2002). Several reportsehde@monstrated that ash seeds have
been used traditionally as food and as a condirftéedrick, 1919;Kunkel, 1984;Sinclair,
1998;Vergne, 2001;Boisvert, 2003;Eddouks and Maghr&2004;Eddouks et al.,
2005;Maghrani et al., 2004) and administered torawp several health conditions (Parsa,
1959;Eddouks and Maghrani, 2004).

In Europe, there is evidence that these seeds Ibeee used since the Middle Ages
(Vermeeren and Gumbert, 2008). The aqueous seeacexif the ash tree is an effective
hypoglycemic and antidiabetic agent, as evidencgdtd use by traditional healers in

Morocco (Eddouks et al., 2005). Moreover, ash segttact has hypoglycemic and
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antidiabetic effects in normal and streptozotoaidticed diabetic rats (Eddouks and
Maghrani, 2004;Maghrani et al., 2004).

Therefore, this evidence encourages the studysegfimary and ash tree seed extracts to
prevent the development of metabolic disorderdss limportant to identify their active
compounds, and to confirm their efficacy and safatyelevant biological models. The
results derived from this research program coultt &0 the discovery of new natural
agents to counteract the rise of obesity and assaticomorbidities, with applications in

food, food supplement, pharmaceutical and cosnmadigstries.
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OBJECTIVES

General objectives

The aim of this doctoral thesis was to generateipextracts from the edible parts of

rosemary and ash tree seeds, identify their activepounds, and evaluate their effects in

in vitro, in vivo and human models. Their chief compounds were iiifsohtand evaluated

for their activitiesin vitro with regard to their antioxidant effects, actieatiof PPAR. and

PPARy, and capacity to inhibit preadipocyte differentiat The extracts were tested for

their ability to control obesity and glycemia inimal models, and the ash tree seed extract

was examined for its capacity to control glucosgutation in humans.

Specific objectives

Screen antioxidant activities on three commercidtagts obtained from rosemary
leaves standardized to contain, respectively, 2@¥#asic acid, 40% ursolic acid, or
20% rosmarinic acid. These extracts were evaluetheir total antioxidant effects
on oxygen radical absorbance capacity (ORAC), dereéducing/antioxidant power

(FRAP), and for their capacity to inhibit €tinduced LDL oxidatiorex vivo

Determine the preventive effects of a rosemaryaextf20% carnosic acid) on weight
gain, glycaemia levels, and lipid homeostasis irceniand study its effects on

pancreatic lipase and PPARgonist activityin vitro.

Identify secoiridoid glycosides frofaraxinus excelsiot.. seed extract, and determine
their capacity to activate PPARand inhibit the differentiation of pre-adipocyteso
adipocytesn vitro.

Determine whether draxinus excelsiorL. seed extract limits weight gain and
hyperglycemia in mice.

Asses the acute clinical efficacy and safetyFodxinus excelsiolL. seed extract on
plasma glucose and insulin levels against gluce8eag)] induced postprandial glycemia

in healthy humans.
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Abstract

The overproduction of free radicals and oxygen treacspecies is suspected to be
implicated in a wide range of metabolic reactidmet tan have pernicious consequences in
the development of a variety of human diseasesariicdl extracts are sources of
antioxidants which counteract both free radicald @iRS. The processing conditions used
in the botanical extraction may influence the axilant composition; therefore, different
extracts from the same plant may have differentoaittant properties. To illustrate this
fact, we conducted a study using three commeroigémary Rosmarinus officinalid..)
leaf extracts. The three extracts were standardiaespectively contain, 20% carnosic
acid, 40% ursolic acid, or 20% rosmarinic acid. yheere evaluated for their total
(hydrophilic + lipophilic) antioxidant effects onxggen radical absorbance capacity
(ORAC), their ferric reducing/antioxidant power (RR), and their capacity to inhibit
Cu**-induced low-density lipoprotein (LDL) oxidatioex vivo The ursolic acid extract
showed the lowest antioxidant capacity on all med&he rosmarinic acid extract had an
antioxidant capacity 1.5 times higher on ORAC antindes higher on FRAP than the
carnosic acid extract. However, the carnosic axithet was better than the rosmarinic acid
extract in inhibiting the oxidation of LDlex vivo These results encourage conducting
further studies to evaluate the carnosic acid asdharinic acid extractis viva. Our study
offers an example of the importance of the extoactirocedures, on which depends the
nature of the antioxidant composition, and highisgimterest to proceed witin vitro/ex
vivo assay selection for the evaluation of the antiaxicproperties of botanical extracts.
Keywords: antioxidant capacity, carnosic acid, ferric redgéamtioxidant power, LDL

oxidation, ORAC, rosemary, rosmarinic acid.
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Introduction

The overproduction of free radicals and reactivggex species in living organisms can
damage cellular lipids, proteins, or DNA; this pges contributes to loss of functionality,
which has been described as being related to thelajament of a wide range of human
diseases, including cancer, cardiovascular diseamherosclerosis, hypertension,
ischemia/reperfusion injury, diabetes mellitus, noglegenerative diseases (Alzheimer’s
disease and Parkinson’s disease), rheumatoid t&thand aging (Valko et al.,
2007;Fuhrman et al., 2000;Hsieh et al., 2007;Leal.e2007). It has been postulated that
supplementation with phytochemicals such as polgplse including flavonoids, may offer
some protection against these complications thrdbgh roles as free radical scavengers
and antioxidant compounds, therefore reducing trgative effect of oxidative stress and
free radicals (Seifried et al., 2007).

Botanical extracts are well-recognized sources mtfogidant molecules. They are
commonly used in functional foods and as dietargptements, and contribute to the
composition of several drugs (Raskin et al., 20@®&)wever, botanical extracts are not
always well accepted because of issues concernatiyeacompound identification,
standardization, and quality control (Raskin anghdRj 2004) In our study, we used
rosemary extracts obtained through industrial pgses. Various technologies are involved
to produce botanical extracts at industrial levél®e most important include solvent
extraction and column purification (D'Amelio FS,98). It is noteworthy that the physical-
chemical properties of the solvent, the extractionditions, and the nature of resins in
columns influence the nature of the extracted mdés with consequences on the
nutritional profile and, overall, on the physiologi protective efficiency of the final extract
(D'Amelio FS, 1998;Mahady et al., 2001). Therefoddferent extracts from the same
botanical origin may have different standardizati@tes and composition, providing
different antioxidant properties (Mahady et al.,02)) which may lead to ambiguous
efficacy data when studied in clinical trials (Rmsland Ripoll, 2004). Based on these
considerations, it is of great interest to develogl-characterized extracts in order to
achieve biochemical and functional consistency betwbatches.

Rosemary Rosmarinus officinalisL.) is an aromatic Mediterranean plant used in

traditional meals and several industrial food aggilons (Etter, 2004). Recently, rosemary
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extracts standardized in carnosic acid and carnlege¢ received the antioxidant status,
with an attributed E number, from the European F&adety Authority(Aguilar et al.,
2008), confirming the importance of this ingrediasta natural preservative in foods and
beverages. Moreover, rosemary may also contrittuteduce the oxidation of low-density
lipoprotein (LDL) because of its elevated antioxitlaapacity (Pitsavos et al., 2005). The
properties of rosemary’s active compounds are degllmented, but information regarding
the preventive antioxidant potential of standardizesemary extracts is still scarce and
should be investigated with more attention. Eacthefextracts we studied for the present
article was standardized on one of rosemary’s magiive compounds: carnosic acid, a
diterpene phenolic acid (Figure I-1A); ursolic acadpentacyclic triterpene acid (Figure I-
1B); and rosmarinic acid, a caffeic acid dimer (Fiyl-1C) (del Bano et al., 2003).

CHs

OH CHs

CHj

OH
o OH OH

HO
OH

(9]

Figure 1-1. Chemical structures of the main compounds present in the R. officinalis L. leaf extracts: (A)
carnosic acid, (B) ursolic acid, or (C) rosmarinic acid.

In this pursuit, we conducted a screening of afdiaxt activities on three commercial
extracts obtained from rosemary leaves standardizedntain, respectively, 20% carnosic
acid, 40% ursolic acid, or 20% rosmarinic acid. Séhextracts were evaluated for their
total antioxidant effects on oxygen radical absodeacapacity (ORAC) with a special

focus on both their hydrophilic and lipophilic antidant capacities, for their ferric
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reducing/antioxidant power (FRAP), and for theipasity to inhibit Ca*-induced LDL

oxidation in arex vivoassay. These models will allow us to select aadsifly the extracts
according to their antioxidant properties, whichymzave different effects in further
applications (Aguilar et al., 2008), with specifidtention to the prevention of health-

deleterious effects of a much too high oxidativest (Valko et al., 2007).

Materials and Methods

1. Rosemary extracts

Rosemary leaves were collected from the Atlas Mauast in Morocco and
authenticated using macroscopic, microscopic, angh-performance thin-layer
chromatography techniques (Reich and Schibli, 20@gure 1-2 shows the industrial
process involved to obtain the three rosemary etgréNaturex, Avignon, France). The
rosemary extract standardized to contain 20% carraesd was prepared according to the
U.S. patent 5,859,293 (Baley et al., 1997): thigast, in powdered form after drying,
contains 45% of maltodextrin as a carrier and ha®xraction ratio of 10:1 (rosemary
leaves: powdered extract). The rosemary extrantlataized to contain 40% ursolic acid is
obtained by extraction with acetone for 2 hourdlofeed by precipitation at & for 8
hours. The ursolic acid extract, in powdered forfteradrying, contains 7.5% of
maltodextrine as a carrier and has an extractitio cf 8:1 (rosemary leaves: powdered
extract). The rosemary extract standardized toatoert0% rosmarinic acid is obtained by
water extraction at 6& for 2 hours, followed by purification on a styeedivinyl-benzene
XAD-16 resin (Rohm and Haas, Philadelphia, PA, UPAtked in an industrial column.
The rosmarinic acid extract, in powdered form adbgring, contains 8.9% of maltodextrine

as a carrier and has an extraction ratio of 25id4efmary leaves: powdered extract).

2. Chromatographic analyses

High-performance liquid chromatography methods wedeveloped for the
quantification of carnosic acid, ursolic acid, amdmarinic acid in the rosemary extracts.
The high-performance liquid chromatography systesaduwas an Agilent Technologies
(Palo Alto, CA, USA) model 1100.
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To evaluate the carnosic acid concentration, tlaadstrd (catalog number 03198,
ChromaDex, Santa Ana, CA, USA) and the carnosid agiract sample were diluted in
methanol with 0.5% acetonitrile. The stationarygghavas a Zorbax SBC18 column (250 x
4.6 mm i.d, particle size pm; Agilent Technologies) thermostatted af@5The flow rate
was 1.5 mL/minute, and the elution was monitored3ft nm. The mobile phases were (A)
acetonitrile and (B) water with 0.5%PIO,. Elution started with 65% A and 35% B under

isocratic conditions. The retention time of caroasiid was 11 minutes (Figure I-3A).

Rosemary leaves

Grin‘ding

Acetone extraction Water extraction

\
Solid / liquid separation

| Acidification
Liquid fraction \
Concethration Solid fraction ‘
Na,CO5 pr‘ecipitation Column pL‘Jrification
‘ Solid residues Purification

i Concentration
Concentration ‘

HsPO, precipitation Drying Drying

Spray drying
‘ Blending/ sieving
Blendingl sieving ‘

20% carnosic acid 40% ursolic acid 20% rosmarinic acid

Blending/ sieving

Figure I-2. Extraction scheme of the three R. officinalis L. leaf extracts standardized to contain 20%
carnosic acid, 40% ursolic acid, or 20% rosmarinic acid.
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Figure 1-3. High-performance liquid chromatogram profile of the three R. officinalis L. leaf extracts: (A)
20% carnosic acid, (B) 40% ursolic acid, or (C) 20% rosmarinic acid. mAU, milli-absorbance units (i.e.,
optical density).
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To evaluate the ursolic acid concentration, thendded (catalog number 0037S,
Extrasynthese, Genay, France) and the ursolic sendple were diluted in acetone. The
stationary phase was a LuMaC18 column (150 x 4.0 mm i.d; particle size/#n;
Phenomenex, Utrecht, The Netherlands) thermostaite80CC. The flow rate was 0.6
mL/minute, and the elution was monitored at 210 Arhe mobile phases were (A)
acetonitrile and (B) water with 0.1%PIO,. Elution started with 90% A and 10% B under
isocratic conditions. The retention time of ursa@ad was 8.7 minutes (Figure 1-3B).

To evaluate the rosmarinic acid concentration, ddesh (catalog number 4957S;
Extrasynthese) and rosmarinic acid sample wergedilin methanol/water (50:50, vol/vol).
The stationary phase was a Zorbax SBC18 column X258 mm i.d.; particle size |pm;
Agilent Technologies) thermostatted at°’@0 The flow rate was 1 mL/minute, and the
elution was monitored at 328 nm. The mobile phage® (A) acetonitrile and (B) water
with 0.1% trifluoroacetic acid. Elution started WiB2% A and 68% B under isocratic

conditions. The retention time of rosmarinic acigsw.6 minutes (Figure 1-3C).

3. ORAC assay

The ORAC value provides a measure of the scavergipgcity of antioxidants against
the peroxyl radical, which is one of the most commeactive oxygen species produced
during the body metabolism. The ORAC values of esashple were determined according
to an adaptation of methods previously describeab(€t al., 1993;Huang et al., 2002b;0Ou
et al.,, 2001), based on a fluorimetric detectiomalfsses were conducted at Brunswick
Laboratories (Norton, MA, USA) according to a pagehmethod (Ou et al., 2006). The
lipophilic ORAC assay (ORAfg) was based on a previous reported method (Huaaig, e
2002a), and the hydrophilic ORAC assay (ORAf) was based on a different reported
method (Ou et al., 2002). The ORAfg assay reflects the water-soluble antioxidant
capacity, and the ORAf, assay reflects the lipid-soluble antioxidant céyacthe
ORAC o is the sum of ORAG 4 and ORAG,,. All data were expressed asol of 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylicda¢irolox, Sigma Chemical Co., St.
Louis, MO, USA) equivalents (TE)/g of dry samplemol TE/g). For each analysis, a 20-

uL acetone/water (50:50, vol/vol) sample was asse&w one extract.
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4. FRAP assay

The FRAP values of samples were determined acapritinthe method previously
described (Pulido et al.,, 2000)wo types of calibration curves were made: one with
aqueous solutions of known Feconcentration, in the range of 100-1,00®ol/L, and
another with solutions of known Trolox concentration the range of 100-750mol/L.
Extracts were measured in triplicate at three obfié concentrations after appropriate
dilution. In the FRAP assay, reductants in the damfpe. antioxidants) reduce the
Fe*/tripyridyltriazine complex, present in stoichiomiet excess, to the blue-colored
ferrous form, with an increase in absorbance atrdfi3the variation of absorbana®4() is
proportional to the combined FRAP of the samplesuRe are expressed psol of TE/ g

of 30-pL triplicate sample extracts and as mm@l/rgof triplicate sample extracts.

5. Cu**-induced LDL oxidation assay

Blood from a 33-years-old healthy normolipemic féenalonor was obtained by
venipuncture and collected in EDTA-containing Vainér blood collection set (BD,
Franklin Lakes, NJ, USA) at the local blood bankafissement Francais du Sang, Lille,
France). LDL was prepared from the plasma by twosidg gradient ultracentrifugation
within a density cutoff range of 1.019-1.063 g/nflrior to oxidation, LDL was diluted in
phosphate-buffered saline and dialyzed against pitads-buffered saline at 4°C. The
protein content was determined and adjusted toirobtd25 mg of protein/mL. Next, the
oxidation was induced at 30°C by adding 20 puL o8Ou(1.66 pmol) with the addition of
0 pg/mL (control condition), 5ug/mL, 25 fg/mL, and 1004g/mL rosemary extracts
(respectively, 20% carnosic acid, 40% ursolic aord20% rosmarinic acid), or 2//mL
and 25.g/mL of Trolox as the positive control. The amouafsconjugated dienes were
measured by determining the increased absorban2&4anhm at 10minute intervals for a
course span of 720 min using an Ultra Spectrophetem(Ultra 384, Tecan Group Ltd.,
Grddig, Austria). Results were expressed as thativel absorbance at 234 nm. The lag

phase, the oxidation rate, and the maximum quaotigpnjugated dienes were calculated.
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6. Statistical analysis

Excepted for ORAC assay, all tests were carriediottiplicate, and the results were
presented as means = SD values. Significant diftere were calculated according to
Student’st test (XLSTAT 2008, Addinsoft™, New York, NY, USAand the statistical

significance was set &<.05.

Results

1. Antioxidant capacity

Antioxidant capacities were measured using ORAC RRAP assays. Results for the
three rosemary extracts are presented in TableTh&.rosemary extract standardized to
contain 20% rosmarinic acid showed the highesbaittant capacity in both ORAC and
FRAP assays, with the ORAfa, explaining more than 97% of its total antioxidant
capacity according to ORAC assay, evidencing tigd polarity of the rosmarinic fraction.
On the other hand, the rosemary extract standardizeontain 20% carnosic acid showed
a strong antioxidant capacity in both ORAC and FRAS&s; however, its total antioxidant
capacity is only 36% by the ORA:, assay and is 64% by the ORpCassays, which is
not surprising because carnosic acid is a terpemapound with more hydrophobic
properties. Finally, the rosemary extract standadlito contain 40% ursolic acid showed,

by far, the lowest antioxidant capacity.

Table 1-1. Oxygen radical absorbance capacity and ferric reducing/antioxidant power values for
rosemary (R. officinalis L.) extracts

ORAChyaro ORACiip ORACtal FRAP FRAP
Rosemary extracts (tmol of (tmol of (tmol of (tmol of (mmol of
TE/ g) TE/ gy TE/ g TE/ g) Fe*'lg)
20% Carnosic acid 2,345 4,144 6,489 699 +26 1.28 + 0.002
40% Ursolic acid 163 141 304 81 +°3 0.15 +0.0003
20% Rosmarinic acid 9,880 238 10,118 2,957 +107 5.30+0.0%

"Data are obtained from one sample with acceptable precision of the ORAC assay being 15% relative SD (Huang et
al., 2002b;0u et al., 2001;0u et al., 2006).

3°Eor FRAP results in the same column, values with different letters are significantly (P<.05) different compared with
the blank control alone (t test). FRAP, ferric reducing/antioxidant power: ORAC, oxygen radical absorbance capacity,
where the subscripts hydro, lipo, and total designate water-soluble, lipophilic, and total, respectively.
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The rosmarinic fraction has an antioxidant capatity times higher than the carnosic
acid according to ORAG., and is four times stronger according to FRAP. Easv, the
carnosic acid fraction demonstrates a very gooddpfdlic/lipophilic balanced antioxidant

power, whereas the rosmarinic acid does not.

2. Cu®*-induced LDL oxidation inhibitory capacity

The incubation of isolated human LDL with CuSf2sulted in the oxidation of
polyunsaturated fatty acids, as monitored by theegsion of conjugated dienes after a
variable period of inhibition called lag phase (kig I-4) (Perugini et al., 1997). The
inhibitory activities of the three rosemary extsacn LDL oxidation mediated by €u
have been evaluated with comparison to a blankrabahd to the Trolox positive control
(Table 1-2). The three extracts showed differentoxidant behaviors on this assay.

The extract standardized on rosmarinic acid pralidepro-oxidant activity at the
lowest concentration (Ag/mL), with an increase of 40.1%<0.001) of the oxidation rate
and a strong shortening of the lag phase (-52.8it@#) compared to the blank control;
nevertheless, an inversion of the tendency wittiang antioxidant activity started from 25
Lg/mL, providing a complete inhibition of LDL oxidah in a manner similar to that of
Trolox at 25ug/mL. With more efficiency, the extract standardizen carnosic acid was
able to decrease the oxidation rate by 27.8%({01) and to prolong the lag phase (+24.1
minutes) from the lowest concentration tested/(FmL) and to totally inhibit LDL
oxidation from 25ug/mL, in a manner similar to that of Trolox at @§/mL. For the last
rosemary extract, which was standardized to cort@i ursolic acid, results appeared to
be less active than the two other rosemary extiadtpermitted a decrease in the oxidation
rate with a dose-effect response (up to 41.1%Hethighest dose 1Q@y/mL) correlated to

a prolongation of the lag phase.
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Figure 1-4. Curve for Cu*-induced oxidation of LDL with different concentrations (M, 0 g/mL; A, 5
(g/mL; &, 25 g/mL; @, 100 tg/mL) of R. officinalis L. leaf extracts standardized to contain (A) 20%
carnosic acid, (B) 40% ursolic acid, or (C) 20% rosmarinic acid. Trolox (X, 2.5 tg/mL; %, 25 gg/mL)
was used as the positive control.
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Table 1-2. Overall results for inhibition of low-density lipoprotein Cu®*-induced oxidation by rosemary (R.
officinalis L.) extracts.

Cu**-induced oxidation LDL assay

Rosemary extracts Maximum quantity of
Lag phase Oxidation rate dienes

Concentration ) )
(min) (min™)

(nmol/mg of LDL)

5 ug/ml 112.3+7.4 1.27+ 0.04° 370.0+ 3.8
20% Carnosic acid 25 pg/mi NC NC NC
100 ug/ml NC NC NC
5 pg/ml 91.7+1.7 1.4+ 0.2° 361.7+ 22.0
40% Ursolic acid 25 pg/mi 102.3+ 7.35 1.2+ 0.24° 379.8+8.1°
100 ug/ml 109.5+ 16.05 0.9% 0.09° 369.1+ 21.2
5 yig/ml 35.4+ 2.14 2.14+0.07° 376.1+ 3.9¢
0 .
20% Rosmarinic 5 i NC NC NC
acid
100 ug/ml NC NC NC
2.5 ug/ml 130.9+ 3.8° 1.32+0.07 364.0 3.7
Control: TroloX
25 pg/mi NC NC NC
Cu** alone 88.2t 2.3 1.65 0.02 360.3 4.4

2p<.05; °P<.01; °P<.001 versus Cu?*-induced oxidation of LDL alone (t test).
LDL, low-density lipoprotein; NC, not calculated because the samples totally inhibit the LDL from oxidation.

Discusion

Rosemary is a key ingredient in the Mediterraneiah (@itsavos et al., 2005). During
the last few years, the production of rosemaryaettr has been increased considerably
because of their use in the food, beverage, flavotraceutical, and cosmetic industries.
Consequently, the technology to develop standaddiegtracts from rosemary has
experienced a quick evolution in terms of quality aeproducibility.

The two rosemary extracts standardized on carragicrosmarinic acids are primarily
used as preservatives in foods and beverages arstabdity enhancers for natural

colorants, especially those susceptible of oxidatitke carotenoids and anthocyanins
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(Etter, 2004). On the other hand, the ursolic d@dtion is mainly used in the cosmetic
industry because of its topical anti-inflammatoapacity (Altinier et al., 2007). Across the
board, the antioxidant effects of rosemary’s actogmpounds have been extensively
reported in literature (del Bano et al., 2003;W4fee and Cuppett, 2007); however, there
are still few reports on commercial extracts oladithrough industrial processes and that
are available to the consumers.

Several techniques have been developed in ord#eteymine the antioxidant power of
food products, vegetable extracts, and pure matsaifiuang et al., 2005;Cao et al., 1993).
The methods chosen for our study are based omwthengjor mechanisms that intervene in
the stabilization of pro-oxidant species by antilaxits: the first mechanism (ORAC) is
based on hydrogen transfer from the antioxidarhéooxidant and reflects the capacity to
inhibit oxidation at the early step of initiatiom&or propagation; the second (FRAP) is
based on electron transfer from the antioxidanth® oxidant and reflects capacity to
reduce the oxidant (Cao et al., 1993;Huang et2@02b;Pulido et al., 2000;Huang et al.,
2005;Benzie and Strain, 1996;Prior and Cao, 19@@nsequently, ORAC and FRAP
results give different, and not comparable, valaesntioxidant capacities of the three
extracts, with, however, the classification of thetioxidant capacity being always the
same: 20% rosmarinic acid >20% carnosic acid >4686li¢ acid.

When compared with ORAC values of different foodspice products, both rosemary
extracts, titrated in carnosic and rosmarinic goidsch are, respectively, 6,489 and 10,118
pmol of TE/g appeared to provide a very high antative protection value. Indeed, as an
example, a berry juice serving, which is well knofan its contribution to antioxidant
protection in the five fruits and vegetables a di#gt (Huntley, 2009) and that provides
from blueberry, bilberry, and grape 4,750, 6,98% 6,290 umol of TE, gives the same
range of protection as the carnosic extract ané®®- below the rosmarinic extract. In
2007, scientists in collaboration with the U.S. Bement of Agriculture published an
updated list of ORAC values for 277 foods commotidyisumed by the U.S. population
(USDA, 2007). The best results, apart from fruitsl @egetables, were obtained for spices;
among them, the highest ORAC values were obtaimedh fground cinnamon tissue,
providing 2,675umol of TE/g (100% as hydrophilic total ORAC valuahd from cloves
buds, providing 3,144umol of TE/g (50% as hydrophilic and 50% as lipdishODRAC

values).
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The FRAP values obtained with both rosmarinic aachasic extracts in our study
showed higher results than those obtained for #ichake extract titrated in 5% total
phenolic acids with 34gmol of TE/g (Jimenez-Escrig et al., 2003). In gahethe FRAP
values of vegetables are much lower compared towahees obtained in our study; this is
confirmed by results from a screening of 927 fredded vegetable samples (Ou et al.,
2002). The authors reported a range of FRAP valoesegetables between dmol of
TE/g for peas and 26imol of TE/g for red peppers.

During ourin vitro antioxidant studies, it appeared that resultsinbthfrom ORAC
and FRAP methods were not completely comparableausec the physical-chemical
principle of each antioxidant assay varied. It haen postulated that the ORAC method
was found to be more useful as an estimate of |“em#oxidant activity” as it is more
ubiquitous and can monitor different kinds of aityiv(both slow- and fast-acting
antioxidants) during a scavenging and/or an intmigitoxidative process, with only few
exceptions (Price et al., 2007); moreover, the ORA&hod is able to give an opportunity
to evaluate both hydrophilic and lipophilic valueghich seems to better correspond to
biological conditions because plasma circulatiod aell cytosols are rather hydrophilic
and cell and lipoprotein membranes are rather hpmp On the other hand, FRAP is
designed to offer a putative index of reductiveeptial of biological fluids (Benzie and
Strain, 1996) and consequently bring complementaatuation to the ORAC method for
the assessment of botanical extracts in the cootrakidative stress.

However, because the relationship between ORAC RAR- values and the health
benefit has not yet been established, evaluatiorosémary extract efficiency in rather
more biological conditions, such ag vivoLDL oxidation assay, appeared to be able to
improve analyzing capacities, with a high-throughggreening methodology for the
evaluation of botanical protective efficiency imlogical-like conditions.

During our study, we observed that the extractdaedized to contain 20% carnosic
acid showed a stronger inhibition activity agaiasidation of LDL induced by Cii than
the rosemary extract standardized to contain 208aoinic acid. As proposed, according
to previous results obtained with ORAC and FRAPagss the rosemary extract
standardized to contain 40% ursolic acid had onlyemk protective effect against the
oxidation of LDL.
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Our results corroborate previous reports that hshewn that rosemary bioactive
compounds, extracted with water or with acetonspgetively, rosmarinic and carnosic
acids), had similar effects reported on LDL oxidatimodel§Fuhrman et al., 2000;Hsieh
et al., 2007). Even if ursolic acid from olives l@esen reported for its capacity to inhibit the
oxidation of LDL (Andrikopoulos et al., 2002), whowever, did not observe a similar
effect using our rosemary extract standardizedottain 40% ursolic acid for the tested
concentrations.

To explain the better results observed with theesic acid extract, showing a longer
lag phase than with rosmarinic acid at the sameamnation (5ug/mL) and providing
consequently better protection for LDL, it could &gsumed that during the lag phase of
Cu*-induced LDL oxidation, the lipid-soluble antioxits (carnosic acid) are
preferentially consumed, and the length of theghgse is assumed to be proportional to
the antioxidant content of the LDL particle (Estubr et al., 1992). In contrast, it is also
noteworthy that the extract containing 20% rosmerétid and tested at//mL, showed
a pro-oxidant activity on LDL oxidation. In a preus study, rosmarinic acid was shown to
have a strong activity to reduce transition metiadg can form reactive oxygen species and
participate in LDL oxidation, especially when ligopeins previously contain traces of
lipid hydroperoxides (Murakami et al.,, 2007;Briang¢ al., 2004); consequently, the
presence of polyphenol at a concentration muchrdkan that of C# would contribute to
the accumulation of hydroperoxides in LDL, indudag copper under its reduced form
(Cu", and this would not be balanced by an antipeamticcapacity that would be in
insufficient amount. A similar property has beempaded for oleuropein, a secoiridoid
phenolic compound of olive (Briante et al., 200%he authors suggested that the pro-
oxidant mechanism would be due to polyphenol coppeéucing activity in presence of
oleuropein; indeed, the reduced metal )Gzould simultaneously catalyze the production
of OH®° hydroxyl radicals by the Fenton reaction aaatribute to lipid radical formation
by the decomposition of preformed lipid hydroped®s in lipoproteins.

The global lower efficiency of the rosmarinic extraobserved compared with the
carnosic extract would also be due to its wateulsiity, which often decreases the activity
of antioxidants because hydrogen-bonded complexsefd with water are ineffective in
scavenging lipid radicals by hydrogen donation;sétems to play a crucial role for

rosmarinic acid, which is more polar than carn@sic. However, rosmarinic acid extract,
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which is rather hydrophilic, is able to show a stydotal protective effect rising from 25
pg/mL, which seems to confirm that mechanism of getion would rather be a reducing
and chelating activity of the transition ion Cin the aqueous medium than an antioxidant
protection inside the lipoproteins. According te tholar paradox (Porter, 1993), less polar
antioxidants are effective in emulsions becausey taee concentrated at oil-water
interfaces, whereas more polar antioxidants asedéfective in emulsions because they are
mainly present in the aqueous phase.

In conclusion, our results show that, dependinghenextraction procedure used from
the same botanical source, the antioxidant praseri the final extracts can be totally
different. Indeed, in our study, the ursolic acidract presented a very low antioxidant
capacity, and, based on the ORAC and FRAP asdsy/spsmarinic acid extract had more
antioxidant power than the carnosic acid extradt) Wwoth being more antioxidant, by far,
than the ursolic acid extract. However, in the LBxidationex vivoassay, the carnosic
acid extract presented better results comparedtktoasmarinic acid extract, suggesting that
the antioxidant effect could be different in biolwg) conditions for this specifiex vivo
model thanin vitro; indeed, because the carnosic acid extract shgweed antioxidant
properties in both hydrophilic and lipophilic ORA&3says whereas the rosmarinic acid
extract only showed good antioxidant activity i thydrophilic ORAC assay and because
LDL oxidation is the product of a hydrophilic/lipbific interface oxidative reaction, it
appeared to be normal that the carnosic rosemdrsagprovided more efficient results in
theex vivoassay. These results encourage us to conduct figtildies in order to evaluate
the intestinal absorption, the body metabolism, tnedantioxidant effects of the carnosic
and rosmarinic acids extracts in animals and hunt@ads. Following these bioavailability
studies, both extracts could appear to be promisarglidates for protecting an organism

against metabolic disorders related to elevatedatixie stress.
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Abstract

Rosemary Rosmarinus officinalid..) extracts are natural antioxidants that are used
food, food supplements, and cosmetic applicatiamsert anti-inflammatory and anti-
hyperglycaemic effects; and promote weight lossictvltan be exploited to develop new
preventive strategies against metabolic disordEngrefore, our aim was to evaluate the
preventive effects of rosemary leaf extract thas standardized to 20% carnosic acid (RE)
on weight gain, glucose levels, and lipid homeastimsmice that had begun a high-fat diet
as juveniles. Animals were given a low-fat diehigh-fat diet, or a high-fat diet that was
supplemented with 500 mg of rosemary extract perbkgy weight per day (mpk).
Physiological and biochemical parameters were roosit for 16 weeks. Body and
epididymal fat weight in animals on the high-fa¢tdihat was supplemented with rosemary
extract increased 69% and 79% less than thoseeimitth-fat diet group. Treatment with
rosemary extract was associated with increasedlfdacexcretion but not with decreased
food intake. The extract also reduced fasting gipgcia and plasma cholesterol levels. In
addition, we evaluated the inhibitory effects of REvitro on pancreatic lipase and
peroxisome proliferator-activated receptor gammBARy) agonist activity; then vitro
findings correlated with our observations in thénaal experiments. Thus, our results
suggest that rosemary extract that is rich in csimacid can be used as a preventive
treatment against metabolic disorders, which mdutther examination at physiological
doses in randomized controlled trials.

Keywords: Rosmarinus officinalig.; carnosic acid; pancreatic lipase; PBAR
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Introduction

The prevalence of metabolic disorders, such as itgbebyperlipidaemia, and
hyperglycaemia, is rising dramatically in develgpend industrialized nations. Obesity is
reaching epidemic proportions worldwide (Baena Daéal., 2005) and is an established
risk factor for various comorbidities, such as typediabetes mellitus (T2DM) and
cardiovascular disease (Anderson and Konz, 200inictew et al., 2002;Unwin et al.,
2010). The development of obesity induces systemwidative stress (Furukawa et al.,
2004) and effects an inflammatory state (Gregor Hithmisligil, 2010). The constant
increase in fat intake that is linked with sedentéfestyles is a chief cause of this
phenomenon (Anderson and Konz, 2001).

Developing preventive and therapeutic solutions fingpede the rise in metabolic
disorders has become a primary goal in the pasaddecn addition to pharmaceutical
approaches, the use of natural products at phygabdoses has been recognized as an
effective regimen to improve several health coodsi (Jouad et al., 2001;Raskin et al.,
2002;Balunas and Kinghorn, 2005). Plant-based rtreats have been validated as
strategies in the prevention of obesity and T2DM,(2008).

Rosemary Rosmarinus officinalid..) extracts are natural antioxidants that are used
food, food supplements, and cosmetic applicati®@fa H., 2009;Etter, 2004;Aguilar et
al., 2008;al-Sereiti et al., 1999;Ibarra et al.1@0 Recently, rosemary extracts that have
been standardized for carnosic acid and carnotahatl antioxidant status, garnering an
additive E classification from the European Foofe§aAuthority (EFSA), confirming its
importance as a natural preservative in foods avefages (Aguilar et al., 2008).

Carnosic acid-rich rosemary extract has been regad have antioxidant activity
vitro by oxygen radical absorbance capacity (ORAC) andcfreducing/antioxidant power
(FRAP) assays and inhibits the oxidation of @Gnduced low-density lipoprotein (LDL8x
vivo (Ibarra et al., 2010). These antioxidant effectvehédeen recapitulatech vivo.
Consequently, carnosic acid-rich rosemary extradiuces oxidative stress in aged rats
(Posadas et al., 2009). Carnosic acid, has amgirmhatory effects in cellular (Yu et al.,
2009) and animal (Mengoni et al., 2010) modelstharr carnosic acid has promising anti-

obesity and anti-glycaemic effects.

44



In in vitro trials, carnosic acid inhibits pancreatic lipas¢inpmiya et al., 2004),
activates peroxisome proliferators-activated remegamma (PPAR (Rau et al., 2006),
and prevents the differentiation of mouse pre-adijfes into adipocytes (Takahashi et al.,
2009) —all of which are important mechanisms incgke and lipid homeostasis. The
capacity of rosemary to regulate weight gain (Haratal., 2010;Wang et al., 2011) and
glycaemia (Erenmemisoglu et al., 1997;Harach et24l10;Wang et al., 2011) has been
observedin vivo. Nevertheless, no randomized clinical trials héeen reported using
rosemary extracts to control obesity and hypergyua, but this evidence encourages
further study of carnosic acid-rich rosemary exsato prevent the development of
metabolic disorders.

In this study, we aimed to determine the prevengffects of a rosemary extract that
was standardized to contain 20% carnosic acid (RE)eight gain, glycaemia levels, and
lipid homeostasis in mice that were started ongh-fét diet as juveniles. Animals were
given a low-fat diet (LFD), a high-fat diet (HFD)r a high-fat diet with 500 mg RE per kg
body weight per day (mpk) (HFD.RE). Physiologicaldabiochemical parameters were
measured throughout the 16 weeks of treatment tlmaffects on pancreatic lipase and

PPARy agonist activityin vitro were examined.

Experimental Methods

1. Rosemary leaf extract

RE was prepared as described by Ibatral. (2010).

2. Animals and diet

Male C57BL/6J mice, aged 4 weeks, were purchased fElevage Janvier (CERJ, Le
Genest saint Isle, France). All mice were housdd 4 cage on a 12-hour light/12-hour
dark cycle in a temperature-controlled environnauning a 2-week acclimatization, with
ad libitum access to water and lean, control standard dietcal@rically balanced diet.
After acclimatization, mice were randomized by badsight into 3 groups of 8 animals.
Each group was fed an experimental diet (Reseaiels Dnc., USA) for 16 weeks, as
described in Table 1I-1 (LFD, HFD, and HFD.RE). Bogeight was measured twice per
week, and food intake was recorded once per wedékprAcedures were performed per

French guidelines for the care and use of expetiahanimals.
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3. Blood biochemistry

Blood was collected from the retro-orbital sinusElDTA-coated tubes under isoflurane
anaesthesia after overnight fasting. Samples weltected at the beginning of the study
(Day 0) and after 16 weeks on the experimentakdigtood samples were centrifuged at
4000 rpm for 15 minutes at 4°C to recover the plasm

Biochemical levels were measured using commercids. kTotal cholesterol,
triglycerides, and glucose (kits CH3810, TR3823] &1.3815; Randox Laboratories Ltd.,
United Kingdom) and free fatty acids (kit 434-917Wako Pure Chemical Industries Ltd,
Osaka, Japan) were measured by spectroscopy.nr&itliINSKR020; Crystal Chem Inc,
Downers Grove, USA) was measured by ELISA.

4. Faecal lipid measurements

Faeces were collected at weeks 0, 8, and 16; frazeB0°C; and pulverized. For each
condition, faeces from 8 mice, harvested duringl&@ur period, was pooled. Total lipids
were extracted from 100 mg of dried faeces as destrFolch et al., 1957). Total lipid
levels from several independent extractions wertmased by traditional gravimetric
analysis: 500 ul of total lipids in chloroform waised by evaporation and weighed.

The amount of faecal fat energy that was excrezgdressed in kcal/animal/day, was
calculated in the lyophilized total fat that wascested and collected throughout the

experiment, assuming that 1 g lipids equals 9 kcal.
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5. Pancreatic lipase activity assay

Human pancreatic lipase was purchased from LeeoRitiens Inc. (St. Louis, MO,
USA). Orlistat (tetrahydrolipstatin, a pancreatfake inhibitor) was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Other chemicatsre reagent-grade. The pancreatic
lipase was diluted in DMSO to obtain a final adgivdf 0.1 U/ul. Orlistat was tested at 2
concentrations in DMSO.

Lipase activity was measured using the ENZYLINETNpdse Colour Assay kit
(Biomérieux, France) according to the manufactsreristructions. Briefly, pancreatic
lipase, substrate, and the test sample were migatlygand incubated for 5 minutes at
37°C. Activator reagent was added, and the mixtwer® incubated again for 6 minutes at
37°C. The recorded rate of increase in absorbahdg@ nm, due to the formation of

quinone diimine dye, reflected pancreatic lipadévig.

6. PPARYy assay

.......
CebyTl

PPARy activation was measured in a cell-based lucife y. COS-7 cells, cultured
in DMEM that was supplemented with 10% FCS, weaegrently transfected with a fusion
protein GAL4/PPAR, and a DNA construct that harbored the gene repofthe plasmid
pGal5-TK-pGL3 was obtained by inserting 5 copiestled Gal4 (a yeast transcription
factor) DNA-binding site upstream of the thymidkieaase promoter in pTK-pGL3.

The plasmid pGal4-hPPARwas constructed by PCR-amplifying the hPRABREF
domain (aa 318-505). The resulting amplicons wéseerl into pBD-Gal4 (Stratagene, La
Jolla, USA), and the chimera was subsequently suled into pPCDNAS3.

After transfection, the COS-7 cells were incubdi@d24 hours with RE to assess its
capacity to activate PPARDMSO was used as the reference control, and litagigne
was used as a positive control. The activationARy by RE induced the expression of
luciferase and a consequent increase in luminescenc

After 24 hours, the cells were collected, and kreife assay was performed per the
manufacturer's instructions (SteadyGlow, Promegiaminescence was measured on a
Tecan Ultra spectrophotometer (Tecan, Austria). @&tperiments were performed in
quadruplicate. Relative luciferase activity of angée was calculated as the ratio of mean

luciferase activity in the test cells to that ire tbontrol cells, and PPARIigand-binding
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activity was expressed as the ratio of relativaféuase activity to that of the reference

control.

7. Analysis of results

The animals were randomized based on total bodghtiddy principal component
analysis (PCA) (GENFIT, France), resulting in grsupf animals between which no
statistical difference was observed for any paramet

The data from theén vivo andin vitro studies were expressed as mean + standard
deviation (x £ SD). One-way analysis of varianceN@VA one-way Bonferroni) and
studentt-test were performed to compare groups using Siffoa 11.0 (2008) (Systat
Software, Inc.). Statistical significance was cdesed at p<0.05.

In the in vivo study, gains in the HFD.RE group were expressed geercentage
compared with the HFD and LFD control groups, claltad as:

Parameter (%) = [(HFD — HFD.RE)/(HFD — LFD)] x 100

In thein vitro studies, changes were expressed relative torémpective controls.

Results
1. Effect of rosemary extract on body and organ wei  ght and food intake in
mice fed a high-fat diet

Body weight between the HFD and LFD groups begadiffer significantly after the
first week of treatment. In HFD.RE animals, bodyigi# differed significantly after the
Day 80 (Figure II-1) compared with HFD mice, andgt¢ gain peaked at 69% (p<0.01) at
the end of the study (Table II-2). This effect vessociated with a 79% (p<0.001) less of
an increase in epididymal fat mass; liver weightswaaffected by the treatment. No

significant changes in food or energy intake wdrsenved between groups (Table 11-2).
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Figure 1I-1. Effects of rosemary extract standardized to 20% carnosic acid on body weight after 16
weeks. LFD = low-fat diet, HFD = high-fat diet, HFD.RE = high-fat diet supplemented with rosemary
extract at a concentration equivalent to 500 mpk. Results are presented as meansSD. Significantly
different from HFD control (ANOVA one-way Bonferroni): *p <0.05; **p<0.01; ***p<0.001

Table 1I-2. Effects of chronic administration of rosemary extract standardized to 20% carnosic acid on
nutritional and weight parameters in mice fed a low fat diet (LFD), a high fat diet (HFD) or a high fat diet
plus rosemary extract (HFD.RE) after 16 weeks.

Animal Mgan Food Mee_m Energy Mean weight Liver weight  Epididymal fat
rou intake intake ain (g) ) weight (g)
group (g/animal/day)  (kcal/animal/day) gain (g 9 gnt (g
LFD 3.40+0.28 14.75+1.28 10.33+2.18*** 0.99+0.10 0#48.26***
HFD 3.09+0.19 16.13+0.52 17.01+1.94 1.12+0.13 1.5048
HFD.RE 3.01+0.10 15.00+0.32 12.37+1.59** 1.14 +0.15 0460.15***

Results are presented as means +SD. Significantly different from HFD control (ANOVA one-way Bonferroni):
**p<0.001; ***p<0.001
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2. Effects of rosemary extract on serum biochemical parameters
At 16 weeks of treatment, total fasting glycaential cholesterol, and free fatty acid

levels rose significantly in the HFD group compareith LFD animals. HFD.RE mice
experienced 72% (p<0.01) less of an increase isnmaglucose levels and 68% (p<0.001)
less of a rise in total cholesterol compared witiDHmice. No significant effects were
observed in free fatty acid or triglyceride levelsHFD.RE mice compared with the HFD
group (Table II-3).

Fasting insulinemia was also monitored; insulinelewremained low during the entire

experiment, and no significant differences weresolesd between groups (data not shown).

Table 1I-3. Effects of chronic administration of rosemary extract standardized to 20% carnosic acid on
plasma lipid and glucose levels in mice fed a low fat diet (LFD), a high fat diet (HFD) or a high fat diet
plus rosemary extract (HFD.RE) after 16 weeks.

Animal arou Total Cholesterol Triglycerides Free fatty acids Glucose
group (mgy/dl) (mgy/dl) (mmolll) (mgy/di)
LFD 107.66+4.80 *** 89.14+12.59* 1.46+0.22 128.60+1825
HFD 147.58+13.63 129.73+37.46 1.45+0.11 197.81+49.26
HFD.RE 120.50£15.46*** 102.11+25.68 1.47+0.28 148.00+1F:33

Results are presented as means +SD. Significantly different from HFD control (ANOVA one-way Bonferroni): *p <0.05;
**p<0.01; ***p<0.001

3. Effect of rosemary extract on faecal fat excreti  on

HFD animals had higher faecal fat excretion val{#e63+1.27 mg/100 mg) compared
with LFD mice (2.74+£0.10 mg/100 mg, p<0.001) afié& weeks. Moreover, RE-treated
mice experienced a significant 1.2-fold increase0(p1) in total faecal content compared
with HFD animals (Figure 11-2).

Throughout the experiment, there was no signifiadifference in fat energy intake
between the HFD and HFD.RE groups. However, faftaénergy excretion rose 1.3-fold
(p<0.05) in RE-treated mice (0.270+0.038 kcal/amidsy) versus the HFD group
(0.208+0.035 kcal/animal/day). Faecal fat energgretion differed between the LFD
group (0.076+0.003 kcal/animal/day, p<0.001) andHtkice (Figure 11-3).
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Figure II-2. Effects of rosemary extract standardized to 20% carnosic acid on total faecal lipid content at
weeks 0, 8, and 16. LFD = low-fat diet, HFD = high-fat diet, HFD.RE = high-fat diet supplemented with
rosemary extract at a concentration equivalent to 500 mpk. Results are presented as means +SD of
pooled data (n=6) +SD (except for LFD, n=3). Significantly different from HFD control (ANOVA one-way
Bonferroni): **p<0.01; ***p<0.001.

4. In vitro analysis of the mechanism of rosemary extract

As shown in Figure II-4, 100 pg/ml RE (p<0.001)ibited pancreatic lipase activity by
70% compared with Orlistat. RE also activated PPRPARG6-fold (p<0.001) in a dose-
dependent manner compared with the blank contr@0afig/ml (Figure 1I-5), whereas
activation in the positive control, rosiglitazoneas 4.35-fold (p<0.001) that in the blank
control at 10 nM. Therefore, 30 pg/ml RE is ableaittivate PPAR by 19.70% as

compared to the positive control.
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Figure 11-3. Effects of rosemary extract standardized to 20% carnosic acid on total faecal energy
excretion over 16 weeks. LFD = low-fat diet, HFD = high-fat diet, HFD.RE = high-fat diet supplemented
with rosemary extract at a concentration equivalent to 500 mpk. Results are presented as means +SD
of pooled data (n=6) +SD (except for LFD, n=3). Significantly different from HFD control (Student t-test):
*p<0.05; ***p<0.001.
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Figure II-4. Effects of rosemary extract standardized to 20% carnosic acid on pancreatic lipase
inhibition in vitro. RE=rosemary extract. Results are expressed as percentage of inhibition and
presented as means +SD of 3 independent experiments. Significantly different from the blank control
(Student t-test): ***p<0.001.
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Figure II-5. Effects of rosemary extract standardized to 20% carnosic acid on PPARYy activation in vitro.
RE=rosemary extract. Results are expressed as percentage of inhibition and presented as means +SD
of 3 independent experiments. Significantly different from the blank control (Student t-test): ***p<0.001.

Discussion

The production of rosemary extracts, estimateckteed 100 tonnes annually, has risen
considerably in recent years due to its widespresdin the food, beverage, flavour, food
supplements, and cosmetic applications (Panda(a9;Etter, 2004;Aguilar et al., 2008;al-
Sereiti et al., 1999;Ibarra et al., 2010). Consatjyetechnologies to develop standardized
extracts from rosemary have evolved tremendouslyh wiegard to quality and
reproducibility. Recently, we demonstrated the imgace of standardization in
determining the biological activity of plant exttacFurther, depending on content, we
have observed that the antioxidant activities afowes preparations of rosemary extract
vary (Ibarra et al., 2010).

Rosemary exerts various biological activities withhich preventive nutritional
strategies against metabolic disorders, such asitgpdyslipidaemia, and diabetes, can be
developed (Ninomiya et al., 2004;Rau et al., 20@&ghashi et al., 2009;Harach et al.,
2010;Wang et al., 2011). Nevertheless, individuadlies have examined specific extracts,
the chemical description of which is not always ilde. Thus, it can be difficult to
extrapolate the health benefits of a unique rosgmuztract to another solely on the basis of
published data.

In a previous study, we identified RE as the magept antioxidative extract in ax
vivo LDL oxidation model (Ibarra et al., 2010), pronmgfi us to determine whether it

affects other metabolic parameters in a high-fat adnouse model. In this study, the
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administration of a 44.92% fat diet to 6-week-ol678L/6J mice for 16 weeks resulted in
significant increases in body weight, epididymal faass, glycaemia, and cholesterol,
compared with a low-fat diet, confirming previoweports (Surwit et al., 1995;Black et al.,
1998).

Treatment of mice with 500 mpk of RE reduced thengén weight that were induced
by the high-fat diet without affecting food intake fat energy intake. It also lowered
epididymal fat tissue weight significantly compareith HFD mice. In addition, total
faecal lipid content increased in HFD.RE mice coragdawith the HFD group, which
correlates with the amount of total faecal fat ggethat was excreted. Based on our study
and other reports (Harach et al., 2010;Ninomiyalgt2004), limiting lipid absorption in
the intestine is a potential mechanism by whichpR&vents weight gain.

This hypothesis is strongly supported by eviderfad®in vitro inhibitory effect of RE
on pancreatic lipase activity, a key enzyme in thigestion and absorption of fat.
Moreover, similar effects have been reported rdégevith an ethanolic extract of rosemary
that contains rosmarinic, carnosol, and carnosidsaevherein the treatment of 15-week-
old DIO mice with 200 mpk of extract limited the igbt gain that was induced by a 50-
day high-fat diet and increased the lipid faecattent 2.2-fold. Ninomiyaet al. (2004)
noted that after 2 weeks of treatment with 20 mp&aonosic acid alone, the weight of ddY
mice fell by 7.6% compared with the control grolipus, in our experiment, the effects of
RE on faecal fat excretion and, consequently, fakataenergy excretion partially explain
the observed reductions in body weight.

In addition to its effects on physiological measyreE significantly reduced elevated
cholesterol levels that were induced by the highdfat. Although these effects were not
observed by Haracht al (2010) or Ninomiyaet al (2004), they were noted in humans
with Orlistat (Micic et al., 1999;Muls et al., 20@tdmann et al., 2004) and in animal
models with other plant-based pancreatic lipaséitdrs (Han et al., 2005;Sheng et al.,
2006). Dietary cholesterol absorption has beengmep to be associated with fat digestion;
Young et al. (Sheng et al., 200&)ave shown that minimal triacylglycerol hydrolysss
sufficient to increase cholesterol transport sigatftly from lipid emulsions to intestinal
cells. Consequently, pancreatic lipase inhibiti@s lbeen proposed to be a target against
which lipid malabsorption can be triggered to cohtriglyceride and cholesterol levels
(Sheng et al., 2006).
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In this study, fasting glycaemia was reduced immats in the HFD.RE group compared
with the HFD control group. Few studies have evadadhe effect of rosemary on diabetes.
Antihyperglycaemic effects can be induced by amedfic rosemary extract in the alloxan
diabetic rat model (Bakirel et al., 2008) and byater rosemary extract in a mouse model
(Erenmemisoglu et al., 1997), whereas no such teffi@e been observed in the DIO mouse
model with an extract that contains rosmarinic acatnosol, and carnosic acid (Harach et
al.,, 2010). Based on these data, it appears thatatitihyperglycaemic activity and
preventive effects against T2DM of an extract depen its composition and the animal
model in which it is tested.

Recently, it was reported that the glucose-loweeffgct of rosemary is attributed to
PPARy activation, in which carnosic acid and carnosolrev@roposed be the active
compounds (Rau et al., 2006). Therefore, we exadrimein vitro effects of RE on PPAR
activation, hypothesizing that the glucose-lowerieffects are mediated through this
mechanism.

In our study on C57BL/6J mice, we used an effectiese of RE—500 mpk—which
contains 100 mpk of carnosic acid. The EFSA Pandr@od Additives has estimated the
dietary exposure for adults and pre-school childesged 1.5 to 4.5 years) to carnosol plus
carnosic acid to be 0.04 and 0.11 mpk, respectif@guilar et al., 2008). Thus,
considering the normal dietary exposure of carnasid, we used a pharmacological dose
of RE.

In addition, the Panel also notes that the margitwben the no observable adverse
effect level (NOAEL) of carnosol plus carnosic gad calculated in 90-day rat studies, is
equivalent to 20-60 mpk, and the mean intake ofiasic acid-rich rosemary extracts is
estimated to be 500-1500 mg/day in adults and 182-+bg/day in pre-school children
(Aguilar et al., 2008). Therefore, future randondizdinical trials that aim to confirm the
efficacy of RE in humans should consider these esalio establish an effective and safe
dose.

In conclusion, we have demonstrated that a carrstaitdardized rosemary extract
limits weight gain and improves plasma lipid andaglse levels in a high-fat diet mouse
model. These data confirm its potential for usgiiaventive strategies against metabolic
disorders and encourage the initiation of furtheidi®s to recapitulate the physiological

activity of RE in humans.

56



Acknowledgments

Naturex is involved in the research/development amatketing/sales of rosemary
extracts as ingredients for the food, cosmetic, anttaceutical industries. Therefore,
Naturex has a commercial interest in this publaratiNaturalpha was paid by Naturex to
perform and report the scientific work that forntad basis of this publication. Naturalpha
and Naturex declare that the data in this repgmtesent a true and faithful representation
of the work that has been performed.

The financial assistance from Naturex is gratefattknowledged.

Alvin Ibarra and Christophe Ripoll designed thetpool. Julien Cases and Marc Roller
developed the sample of rosemary. The study waslumded under the supervision of

Aurélie Coussaert. Amparo Chiralt-Boix analyseddhéa and reviewed the manuscript.

References

Aguilar,F., H.Autrup, S.Barlow, L.Castle, W.Dekarit.H.Engel, N.Gontard, D.Gott,
S.Grilli, R.Gdlrtler, R.Chr.Larsen, C.Leclercq, J€&blanc, F.X.Malcata,
W.Mennes, M.R.Milana, |.Pratt, |.Rietjens, P.Tobkaand F.Toldra. 2008. Use of
rosemary exracts as a food additive. Scientificnigm of yhe panel on food
additives, flavourings, processing aids and mdteiiia contact with food. The
EFSA journal 721:1-29.

al-Sereiti,M.R., K.M.Abu-Amer, and P.Sen. 1999. ihacology of rosemaryRosmarinus
officinalis Linn.) and its therapeutic potentials. Indian ¥p BBiol. 37:124-130.

Anderson,J.W., andE.C.Konz. 2001. Obesity and desaaanagement: effects of weight
loss on comorbid conditions. Obes. Res. 9 Sup@6B3334S.

Baena Diez,J.M., J.L.del Val Garcia, P.J.Tomas,Maktinez Martinez, P.R.Matrtin,
T.Gonzalez, |, E.M.Raido Quintana, S.M.Pomares, .Bli&s, P.B.Alvarez,
F.P.Pinol, E.M.Rovira, and C.M.Oller. 2005. [Candiscular disease
epidemiology and risk factors in primary care]. REsp. Cardiol. 58:367-373.

Bakirel, T., U.Bakirel, O.U.Keles, S.G.Ulgen, andyldrdibi. 2008. In vivo assessment of
antidiabetic and antioxidant activities of rosem@Rosmarinus officinaljs in
alloxan-diabetic rabbits. J. Ethnopharmacol. 11.84

Balunas,M.J., andA.D.Kinghorn. 2005. Drug discovéngm medicinal plants. Life Sci.
78:431-441.

57



Black,B.L., J.Croom, E.J.Eisen, A.E.Petro, C.L.Eddga and R.S.Surwit. 1998.
Differential effects of fat and sucrose on body position in A/J and C57BL/6
mice. Metabolism 47:1354-1359.

Czernichow,S., L.Mennen, S.Bertrais, P.PrezioshHe®&berg, and J.M.Oppert. 2002.
Relationships between changes in weight and changesardiovascular risk
factors in middle-aged French subjects: effectiefig. Int. J. Obes. Relat Metab
Disord. 26:1138-1143.

Erdmann,J., F.Lippl, G.Klose, and V.Schusdziar@4 Cholesterol lowering effect of
dietary weight loss and orlistat treatment--efficaand limitations. Aliment.
Pharmacol. Ther. 19:1173-1179.

Erenmemisoglu,A., R.Saraymen, and S.Ustun. 199fecEbf a Rosmarinus officinalis
leave extract on plasma glucose levels in nhormaglgic and diabetic mice.
Pharmazie 52:645-646.

Etter,S.C. 2004Rosmarinus officinalisas an antioxidant. Journal of herbs, spices &
medicinal plants 11:121-159.

Folch,J., M.Lees, And G.H.Sloane Stanley. 1957.iMp&e method for the isolation and
purification of total lipides from animal tissuek.Biol. Chem. 226:497-509.

Furukawa,S., T.Fujita, M.Shimabukuro, M.Iwaki, Y Mada, Y.Nakajima, O.Nakayama,
M.Makishima, M.Matsuda, and |.Shimomura. 2004. ¢sed oxidative stress in
obesity and its impact on metabolic syndrome. ih. Ghvest 114:1752-1761.

Gregor,M.F., andG.S.Hotamisligil. 2010. Inflammatdvilechanisms in Obesity. Annu.
Rev. Immunol. doi: 10.1146/annurev-immunol-0312100-322.

Han,L.K., Y.N.Zheng, M.Yoshikawa, H.Okuda, and Yhiira. 2005. Anti-obesity effects
of chikusetsusaponins isolated frorPanax japonicus rhizomes. BMC.
Complement Altern. Med. 5:9.

Harach,T., O.Aprikian, .Monnard, J.Moulin, M.Menga, J.C.Beolor, T.Raab, K.Mace,
and C.Darimont. 2010. Rosemargdsmarinus officinalid..) leaf extract limits
weight gain and liver steatosis in mice fed a Higihdiet. Planta Med. 76:566-571.

Ibarra,A., J.Cases, A.Bily, K.He, N.Bai, M.RolleA.Coussaert, and C.Ripoll. 2010.
Importance of extract standardization and in véxoyivo assay selection for the
evaluation of antioxidant activity of botanicalscase study on threRosmarinus
officinalis L. extracts. J. Med. Food 13:1167-1175.

Jouad,H., M.Haloui, H.Rhiouani, H.J.El, and M.Eddeu2001. Ethnobotanical survey of
medicinal plants used for the treatment of diahetasdiac and renal diseases in

58



the North centre region of Morocco (Fez-BoulemadefEthnopharmacol. 77:175-
182.

Mengoni,E.S., G.Vichera, L.A.Rigano, M.L.Rodrigueaebla,  S.R.Galliano,
E.E.Cafferata, O.H.Pivetta, S.Moreno, and A.A.Ven@010. Suppression of
COX-2, IL-1beta and TNF-alpha expression and leytefiltration in inflamed
skin by bioactive compounds froRosmarinus officinalid.. Fitoterapia . doi:
10.1016/).fitote.2010.11.023.

Micic,D., T.lvkovic-Lazar, R.Dragojevic, J.Jorga, Jokic, and Z.Hajdukovic. 1999.
Orlistat, a gastrointestinal lipase inhibitor, etapy of obesity with concomitant
hyperlipidemia. Med. Pregl. 52:323-333.

Muls,E., J.Kolanowski, A.Scheen, and G.L.Van. 20l4e effects of orlistat on weight and
on serum lipids in obese patients with hypercheleé¢mia: a randomized,
double-blind, placebo-controlled, multicentre studigt. J. Obes. Relat Metab
Disord. 25:1713-1721.

Ninomiya,K., H.Matsuda, H.Shimoda, N.Nishida, N.E@®a, T.Yoshino, T.Morikawa,
and M.Yoshikawa. 2004. Carnosic acid, a new clddipinl absorption inhibitor
from sage. Bioorganic & Medicinal Chemistry Lettdrk1943-1946.

Panda H. 2009. Cultivation of Rosmarinus officisalp. 22-28. In National Institute of
Industrial Research (ed.) Aromatic plants cultiwati processing and uses. Asia
Pacific Business Press Inc., New Delhi.

Posadas,S.J., V.Caz, C.Largo, B.De la Gandara, falMdaas, G.Reglero, and M.E.De.
2009. Protective effect of supercritical fluid rosEy extract, Rosmarinus
officinalis, on antioxidants of major organs of aged rats.. Exgrontol. 44:383-
389.

Raskin,l., D.M.Ribnicky, S.Komarnytsky, N.llic, Aomlev, N.Borisjuk, A.Brinker,
D.A.Moreno, C.Ripoll, N.Yakoby, J.M.O'Neal, T.Coraly I.Pastor, and
B.Fridlender. 2002. Plants and human health inttventy-first century. Trends
Biotechnol. 20:522-531.

Rau,0., M.Wurglics, A.Paulke, J.Zitzkowski, N.Meipd.Bock, T.Dingermann, M.Abdel-
Tawab, and M.Schubert-Zsilavecz. 2006. Carnosia Asid Carnosol, Phenolic
Diterpene Compounds of the Labiate Herbs RosematySage, are Activators of
the Human Peroxisome Proliferator-Activated RecegBgamma. Planta Med
72:881-887.

Sheng,L., Z.Qian, S.Zheng, and L.Xi. 2006. Mechangg hypolipidemic effect of crocin
in rats: crocin inhibits pancreatic lipase. EufPlarmacol. 543:116-122.

59



Surwit,R.S., M.N.Feinglos, J.Rodin, A.SutherlandEAetro, E.C.Opara, C.M.Kuhn, and
M.Rebuffe-Scrive. 1995. Differential effects of feand sucrose on the
development of obesity and diabetes in C57BL/6J AAH mice. Metabolism
44:645-651.

Takahashi,T., T.Tabuchi, Y.Tamaki, K.Kosaka, Y.Tkakia, and T.Satoh. 2009. Carnosic
acid and carnosol inhibit adipocyte differentiationrmouse 3T3-L1 cells through
induction of phase2 enzymes and activation of gidae metabolism. Biochem.
Biophys. Res. Commun. 382:549-554.

Unwin,N., D.Gan, and D.Whiting. 2010. The IDF Di# Atlas: providing evidence,
raising awareness and promoting action. Diabetss &é. Pract. 87:2-3.

Wang,T., Y.Takikawa, T.Satoh, Y.Yoshioka, K.KosakaJatemichi, and K.Suzuki. 2011.

Carnosic acid prevents obesity and hepatic steatosib/ob mice. Hepatol. Res.
41:87-92.

Ye,J. 2008. Botanical treatments for diabetes d@bity. Endocr. Metab Immune. Disord.
Drug Targets. 8:77.

Yu,Y.M., C.H.Lin, H.C.Chan, and H.D.Tsai. 2009. @asic acid reduces cytokine-induced

adhesion molecules expression and monocyte adhsemmdothelial cells. Eur. J.
Nutr. 48:101-106.

60



CHAPTER Il

IRIDOIDS FROM Fraxinusexcelsior L. WITH
ADIPOCYTE DIFFERENTIATION-INHIBITORY AND

PPARa ACTIVATION ACTIVITY

Naisheng Bal, Kan He." Alvin Ibarra] Antoine Bily,” Marc Roller!
Xiaozhuo Cheri,and Ralph RuAIY

"Naturex Inc., 375 Huyler St., South Hackensack, Nersey 07606, USA
*Naturex SA, BP 1218 site d’Agroparc, 84911 Avigr@edex 9, France

SDepartment of Biomedical Sciences and Edison Bhotetogy Institute, Ohio University,
Athens, Ohio 45701, USA

00,Department of Biochemistry and Molecular Biolodedical and Health Science Center,
University of Debrecen, Hungary; Apoptosis and Geios Research Center

|[Hungarian Academy of Sciences, Debrecen, Hungary

VPaprika-Bioanalytics BT, Debrecen, Hungary

J. Nat. Prod. 2010, 73:2-6.

61



62



Abstract

Two new secoiridoid glucosides, excelside A é&nd B @), were isolated from the
seeds ofFraxinus excelsiar Their structures were elucidated as5433E)-methyl 3-
ethylidene-4-(2-methoxy-2-oxoethyl)-2-[B-5-D-glucopyranosy|s-D-
glucopyranosyl)oxy]-3,4-dihydro-2H-pyran-5-carboaxtd and (34S3E)-methyl 3-
ethylidene-4-{2-[2-(4-hydroxyphenyl)ethyl]oxy-2-ogthyl}-2-[(6-O-3-D-glucopyranosyl-
SD-glucopyranosyl)oxy]-3,4-dihydrot2-pyran-5-carboxylate, respectively, on the basis
of NMR and MS data. Eight known compounds were tified as nuzhenide3}, GI3 @),
GI5 (5), ligstroside 6), oleoside 11-methyl ester)( oleoside dimethyl esteB), 1"’- O-5
D-glucosylformoside 9), and salidroside 10). Compounds1-9 inhibited adipocyte
differentiation in 3T3-L1 cells. Dilutions of theqaeous extract df. excelsior(1:10 000)
as well as compound®, 3, 4, 5, and 8 activated the peroxisome proliferator-mediated
receptore (PPARY) reporter cell system in the range of*M, compared to 16-16°M for
the synthetic PPAR activiator, WY14,643. Both biological activity diles support the
hypothesis that inhibition of adipocyte differetitea and PPAR-mediated mechanisms

might be relevant pathways for the antidiabetidvégtof F. excelsiorextract.

OH
0 CH,0Ry
1" g

1. R =CH3, R1 = 8D-glucopyranosyl

R1 = #D-glucopyranosyl
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Introduction

The plantFraxinus excelsiolL. (Oleaceae) is known as “common ash” or “Euraopea
ash” in temperate Asia and Europe (Hemmer et @00ZEddouks et al., 2002). The plant is
also widely distributed throughout the southeastlofocco (Tafilalet), where it is locally
known as “Lissan Ettir” and its seeds as “I'ssdnadfour”. This region is a rich source of
ethnobotanicals and an area which phytotherapybbas well developed (Eddouks et al.,
2002;Maghrani et al., 2004;Eddouks et al., 2005ugous seed extract of. excelsior
(FE) has been shown to be highly potent in the ¢l of blood glucose levels without
significantly affecting insulin levels (Eddouks etl., 2005;Eddouks and Maghrani,
2004;Maghrani et al., 2004). The Phlorizin-like eeff of inhibiting renal glucose
reabsorption is a potential mechanism for the hiymegnic effect of FE(Eddouks and
Maghrani, 2004). Previous investigations on thengbal composition of FE led to the
characterization of several compound classes inwusecoiridoid glucosides, coumarins,
flavonoids, phenylethanoids, benzoquinones, inddégivatives, and simple phenolic
compounds (lossifova etal., 1997;Kostova and lossif 2007;Egan et al., 2004;Damtoft et
al., 1992). However, bioactivity studies have ne¢i reported.

During prescreening, FE was found to activate P&ARd mildly inhibited adipocyte
differentiation in 3T3-L1 preadipocytes. PP&Ror PPAR-mediated pathways have been
associated with protection against diabetes (Shularad Mangelsdorf, 2005;Lee et al.,
2003;Evans et al., 2004). Various synthetic PBAfselective agents have been reported
to have potent antidiabetic activity (Lee et aDP2;Bays and Stein, 2003). The focus of
this study was to isolate and characterize the npaleactive principle(s) of FE and
evaluate their biological activity in adipocyte BL1 cells) differentiation and PPAR
reporter assays. Sequential combination of nqrreakersed-phase, and gel permeation
column chromatography led to the isolation of nisecoiridoids including the new
excelsides A1) and B @), the known nuzhenide3) (Servili et al., 1999), GI34)
(LaLonde et al., 1976), GI%) (Egan et al., 2004;Tanahashi et al., 1996), rigite 6)
(Takenaka et al., 2000), oleoside-11-methyl estgr($ugiyama et al., 1993), oleoside
dimethyl ester § (Shen et al., 1996), and 10-£-D-glucopyranosylformoside 9§
(Tanahashi et al., 1992), and the phenylethandidreside (0) (Tolonen et al., 2003;
Nishimura et al., 1984). Herein, we report thedtrites ofl and2, the inhibitory effects of
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the iridoids1-9 on adipocyte differentiation in 3T3-L1 cells, atié activation of PPAR
by 2, 3-5, and8, as potential mechanisms underlying the reportifliabetic activity of
FE.

Results and discussion

Excelside A {) was obtained as an amorphous powder. Its moledaianula,
C,4H3¢016, Was established on the basis of its HRFABMS (&®2.1890 [M + Nal, calcd
for CyH3s016Na, 603.1901) and was supported by NMR data. ThespBctrum ofl
showed hydroxy absorption at 3401 and carbonyl mitisms at 1734 and 1717 &mThe
'H and™C NMR data indicated thatwas an oleoside-type secoiridoid glucoside based o
proton signals at 7.51 6, H-3), 5.94 ¢, H-1), 6.09 (qJ = 7.2 Hz, H-8), 1.72 (] = 7.2
Hz, H:-10), and 4.80 (d] = 7.6 Hz, H-1'), as well as the correspondtf@ NMR signals at
dc 155.2 (C-3), 94.8 (C-1), 124.7 (C-8), 13.6 (C-1ahd 100.6 (C-1'). ThéH NMR
signals at 3.62 and 3.70 and correspondiig NMR (gHMQC) resonances &t 51.9 and
52.3 were ascribed to two methoxy groups. The tvethoxy groups showed correlations
with C-7 ¢ 173.7) and C-115¢ 168.7) in the gHMBC spectrum, respectively, intiog
that1 possesses a 7,11-oleoside dimethyl ester unin(8hal., 1996;Boros and Stermitz,
1991). The additional®C NMR signals were ascribable tgaylucopyranosyl moietyd¢
105.2, 75.2, 77.7, 71.6, 77.8, and 62.7) attacleedC#’ of the oleoside moiety, as
evidenced by a 7.5 ppm dowfield shift of C-6’ argfield shifts of C-3’ and C-5’ of 0.8
and 3.2 ppm, respectively, compared to compdinthe HMBC cross-peaks between H-
1" at 6 4.36 and C-6’ abc 70.1, as well as H-6'9(4.16 and 3.76) and C-1"6¢ 105.2),
supported these conclusions. The 10-methyl grotgrleed to ther®®olefinic bond was
determined to have ak-configuration by the ROESY spectrum, showing aorsgr
correlation between H-10(1.72) and H-5{ 3.98). A ROESY correlation between the
signals of H-1 § 5.94) and H-6 § 2.52) indicated that H-1 is-oriented. The D-
configuration of the glucopyranosyl was confirmed s&cid hydrolysis (see Experimental
Section). Hence, the structureloas determined to be $2S 3E)-methyl 3-ethylidene-4-
(2-methoxy-2-oxoethyl)-2-[(63-5-D-glucopyranosy|s-D-glucopyranosyl)oxy]-3,4-
dihydro-H-pyran-5-carboxylate, for which the name excelgids suggested. ThiH and

%C NMR data assignments are given in Table II-1.
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Excelside B 2) was isolated as a white, amorphous powder. Itecntar formula was
established as 4H4,0,7 by HRFABMS (m/z 687.2506 [M + H] calcd for G;H43017,
687.2500) and supported by NMR data. The IR specshowed a hydroxy absorption at
3400 and carbonyl absorptions at 1701 and 1638, dhe'H NMR spectrum displayed
typical signals of an oleoside moietydaf.51 §, H-3), 5.95 §, H-1), 6.06 (g, H-8), 1.62 (d,
Hs-10), and 4.82 (d, H-1'). The correspondii@ NMR data are shown in Table Ill-1. The
observed phenylethanoid signals as well as an AA'gEn system in the aromatic ring at
06.72 (2H, dJ= 8.4 Hz) and 7.04 (2H, d,J = 8.4 Hz) suggestegara-disubstitution. The
long-range’H-*3C correlations (gHMBC) between H-1" &t4.27 and C-7 ab. 173.4
suggested that the phenylethyloxy moiety was atfdct C-7, which related the structure
of 2 to ligstroside §) (Takenaka et al., 2000). Six additiot3C NMR signals in2 were
assigned to g-glucopyranosyl moietyd( 105.2, 75.1, 77.8, 71.4, 77.6, and 62.7). Its
attachment at C-6’ was confirmed by the observedagiidation chemical shift effects: a
7.5 ppm downfield shift of C-6" and upfield shifté 0.8 and 3.1 ppm of C-3' and C-5’,
respectively, compared to compouBdA gHMBC correlation between the anomeric H-
1" (6 4.31)and C-6’ ¢c 70.1) confirmed thise assignment. The positiothef methoxy
group was assigned at C-11 due to the observedriomge correlations of th@-methyl
hydrogens 4 3.70) and C-114¢ 168.7) in the gHMBC spectrum. Acid hydrolysis 2f
yielded D-glucose (see Experimental Section). Thremmpound2 was designated as
(2S4S 3E)-methyl 3-ethylidene-4-{2-[2-(4-hydroxyphenyl)etiyxy-2-oxoethyl}-2-[(6-O-
SD-glucopyranosy|8-D-glucopyranosyl)oxy]-3,4-dihydro+2-pyran-5-carboxylate,  for
which the name excelside B is suggested. *Fhand™*C NMR data are given in Table IlI-
1.

In order to evaluate their antidiabetes and argginesis activities, compounti<®
and FE were evaluated for their glucose transp@tUT4) stimulatory (GTS) and
differentiation inhibitory effects in 3T3-L1 pregudicytes, respectively. GLUT4 is the
major insulin-dependent transporter responsible tfe uptake of glucose from the
bloodstream into muscle and fat tissue, so adettrease the glucose concentration in the
blood. No GTS activity was observed b and FE in the glucose uptake activity assay,
which excludes the possibility of GLUT4 being a ria¢dr for the effect of secoiridoids in
FE on plasma glucose levels. Howeves inhibited adipocyte differentiation in 3T3-L1

preadipocytes as summarized in Table IlI\®hile compound5 showed significant
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adipogensis-inhibitory activity, compounds 8 and 9 promoted adipogenesis at low
concentrations and inhibited it at higher concditirs. These observations provide a

preliminary basis for the observed decreasingdat gf FE in mice.

Table 11l-1. NMR Data (400 MHz, methanol-d,) of Excelsides A (1) and B (2)

1 2
no. 0 (Jin Hz) d¢c, mult. HMBC 0 (Jin Hz) d¢c, mult. HMBC
(Hto C) (Hto C)
1 594s 94.8d 8/1 5.95s 94.7d 8,1
3 7.51s 155.2d 1,4,5,1L 7.51s 155.2d 5,41
4 109.3 s 109.3s
5 3.98dd(9.6,44) 31.9d 1,3, 4,6,7| 396dd (9.6,4.4) 32.0d 7,11
8,9,11
6 2.76 dd (14.0, 4.4) 41.1 4,5,7,! 2.73dd (14.0,4.4) 41.3t 7
2.52 dd (14.0, 9.6) 4,5,7,9 | 2.52dd (14.0,9.6) 7
7 173.7 s 173.4s
8 6.09 q (7.2) 1247d 1,5,10 6.06 q (7.2) 1218 1,5,9,10
9 1304 s 130.1s
10 1.72d (7.2) 13.6q 8,9 1.62d (7.2) 13.6q 98,
11 168.7 s 168.7 s
OCH; | 3.70s 52.3¢q 11 3.70s 51.9¢q 11
OCH; | 3.62s 51.9¢ 7
1 4.80d (7.6) 1006d 1 4.82d (7.6) 100.4d 1,2
2 3.30m 77.8d 3.37m 77.8d
3 3.52m 77.6d 3.53m 77.5d
4 3.40m 715d 3.39m 715d
5 3.32m 74.7d 3.34m 74.7d
6’ 4.16dd (12.0,2.0) 70.1t 1 416d(12.0,16) 70.1t 3, 1"
3.76 dd (12.0, 6.8) 3.75dd (12.0, 6.4)
1 4.27m 67.0t 7,23
4.07m 7,2,3
2" 2.821(6.8) 35.2t
3" 130.3 s
4" 7.04d (8.4) 131.1d "23", 6"
5" 6.72d (8.4) 116.4d "34", 6"
6" 1570 s
7" 6.72d (8.4) 116.4d
8" 7.04d (8.4) 131.1d
1 4.36 d (7.6) 105.2d '6 4.31d (7.6) 105.2d '6
2" 3.18m 75.2d 3.17m 75.1d
3" 3.39m 77.7d 341m 77.8d
4" 3.27m 71.6d 3.26m 71.4d
5" 3.25m 77.8d 3.16 m 77.6d
6" 385brd(11.6) 62.7t 3.82dd (12.0,2.4) 62.7t
3.66 m 3.62dd (12.0,5.6)
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The biological effects oR-5 and 8 were also evaluated on the PRAReporter cell
lines. PPAR pathways are known to be involved in lipid homasi and inflammation
25-26 (Kliewer et al., 1997;Szeles et al., 2007{sdsova et al., 2005). PPARSs a main
target of fibrate drugs for therapy of hyperlipidamand hyperglycemia (Evans et al.,
2004). In the present study, the synthetic andctiete PPAR: activator WY14,643 was
used as positive control, exhibiting a concentratiependent activation (Table 11I-3).
Compound®-5 and8 were partly active at a concentration of*I, compared to 16-10°
M for WY14,643.. These preliminary biological prief suggest that inhibition of
adipocyte differentiation and PPARmediated pathways might be relevant mechanisms

that can explain the antidiabetic activityFafexcelsiorextract.

Table 11l-2. Inhibitory Activity of the F. excelsior Iridoids on Adipocyte Differentiation

Concentration (mg/mL)

Compound 0.05 0.2 0.5 1.0
2 -16.7+1.f -30.8%x29 -227+25 -243z%3.9
3 -152+15 -283+18 -279+21 -382+4.0
4 23x04 -83+x1.0 -104+£17 2111
5 47+2.1 -31.7+4.2 -57.7+55 -100
Concentration (mg/mL)
0.01 0.05 0.1 0.5
1 1025+12.2 309+59 -16.6+2.1 RD
6 -9.3+22 -76.4+18.7 -9.8+39 ND
7 7921 -34.8+3.3 -85.2+94 ND
8 78.2+9.1 -7.3+10.1 -81.0+95 ND

9 776+7.4 -17.1+3.6 -49.7+7.2 ND

@ The inhibitory activity was measured using the glucose uptake assay. A negative value indicates an inhibitory activity
to adipocyte differentiation. A value of -50 indicates a measured glucose uptake value 50% lower than that of the MDI-
treated (fully differentiated) samples, which was arbitrarily set at zero. A value of -100 indicates a measurement
equivalent the value measured by the non-MDlI-treated (no differentiation) samples. A positive value indicates an
adipocyte differentiation promoting activity. One hundred means a measurement 100% higher than the value
measured in the samples treated by MDI (MDI is a combination of IBMX, dexamethasone, and insulin). ® ND = not
determined due to excessive cell death.
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Table 11I-3. PPARa Activation Potential of the F. excelsior Iridoids in Reporter Cell Lines

Compounds/ Extract Concentration (M) relative aion in %
DMSO 1
WY14,643 10 100
10° 62.8 +35.2
10’ 36.7 £ 15.7
108 17.3+13.1
10° 13.0+11.0
2 10" 24.8+9.6
3 10" 12.2+11.7
4 10" 21.0+15.7
5 10" 14.2+13.8
8 10" 27.9+9.9
FE 1:10,000 34.1+18.7

Experimental section

1. General Experimental Procedures

Optical rotations were measured with a Perkind€tl@241 polarimeter. FT-IR was
performed on a Perkin-Elmer spectrum BX systemkiReEImer Instruments, Norwalk,
CT). UV spectra were acquired on a Shimadzu UV-1@80visible spectrophotometer.
The'H and**C NMR spectra were recorded on an Inova-4804t 400 MHz) instrument
(Varian Inc., Palo Alto, CA) with methandl; (reference 3.30 ppm) and® as the solvent
(Aldrich Chemical Co., Allentown, PA). The 2D cdaton spectra were obtained using
standard gradient pulse sequences of Varian VNMRvace and performed on 4-nuclei
PFG autoswitchable or PFG indirect detection prob&~ABMS was run on a JEOL HX-
110 double focusing mass spectrometer. Both negatind positive ESIMS were obtained
on an LCQ ion trap (Thermo-Finnigan, San Jose, G&):MS analysis was carried out on
an Agilent HP 6890 Series gas chromatograph sysieoh Agilent HP 5973 mass
spectrometer (Santa Clara, CA) with an Rxi-1ms lE@yi GC column (60 m x 0.25 mm
i.d. x 1.Qum). HPLC analysis was performed on an Agilent 1.G0Series using a Prodigy
ODS3 column (Bm, 4.6 mm i.d. x 25 cm) with a flow rate of 1.0 miih. Solvent system
consisted of 0.1% TFA/D (A) and MeCN (B) in the following manner: 0-5 mi+20%
B; 5-15 min, 20-30% B; 15-25 min, 30-100% B. At #red of the run, 100% of MeCN was
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allowed to flush the column for 10 min, and an &ddal 10 min of post-run time was set
to allow for equilibration of the column with theagting eluant. The UV detector was
operating at 238 nm, and the column temperatureanwdsent.

3T3-L1 fibroblasts were purchased from American &ygulture Collection (ATCC,
Rockville, MD). Dulbecco’s modified Eagle’s mediu(OMEM) and Dulbecco’s PBS
(DPBS) were from Gibco Life Technologies (Grandihal, NY). Fetal bovine serum (FBS)
was from Atlanta Biologicals (Norcross, GA). Insul{lS), 3-isobutyl-1-methylxanthine
(IBMX), and dexamethasone (DEX) were from Sigma i@ical (St. Louis, MO). 2-
Deoxy-D-PH]glucose and XK 50 columns were from Amersham Riaaia Biotech
(Piscataway, NJ). Chemicals for plasmid preparatima PPAR activity testing were
purchased from Sigma-Aldrich KFT (Budapest, Hundarertex KFT (Budapest,
Hungary), Promega (Bioscience KFT, Budapest, Hujgar Spectrum 3D (Debrecen,
Hungary).

2. Plant Material
The seeds dfF. excelsiorwere collected in Morocco. A voucher specimen (JR/A7)

was deposited in the Herbarium of Naturex, Inc.

3. Extraction and Isolation

Air-dried and powered seeds (2.5 kg)Fofexcelsiorwere extracted with 0 (2 x 15
L) at 95°C for 2h. The combined extract was concentratedcaisdl into powder (500 g).
The powder was re-extracted with MeOH (2 x 3.5dnd the MeOH was evaporatad
vacuo The obtained extract (54 g solid) was recongtituh 0.5 L of HO and was loaded
on a C-18 (1 L) (Sigma Chemical Co., St. Louis, M@Jumn (8.0 cm i.d. x 70 cm) eluted
with H,O (5 L) and 10% MeOH/pD (3 L). Fractions with similar HPLC chromatograms
were combined and concentraiadsacuo The combined water fractions (21 g solid) were
separated over silica gel (Sorbent Technologies) Iy column chromatography (500 g,
3.5 cm x 60 cm), eluting with a step gradient cstimsgy of CHCI/MeOH (10:1, 8:1, 5:1,
3:1, 2:1). In each gradient step, 1.5 L of elueaswsed and 0.5 L was collected as one
fraction. A total of 15 fractions were collecteddaabeled as W-fractions. These fractions

were subjected to column chromatography over MCIQi¢P-20P (Mitsubishi Kasei Co.)
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(100 mL, 2.5 cm x 40 cm) and/or Sephadex LH-20 (100 2.5 cm x 40 cm), eluting with
a HO/MeOH (4:6) system to yield (210 mg from fraction W-9 = 12.6 min in HPLC),

6 (46 mg from W-2{z = 19.3 min),7 (28 mg from W-11tz = 9.4 min),8 (41 mg from W-
10,tg = 12.7 min),9 (21 mg from W-84g = 13.4 min), and.0 (22 mg from W-4}z = 8.1
min). In a similar manner to that above, the 10%OWéH,O eluates (12 g solid) from the
C-18 column were chromatographed over a silicacggimn using CKCI/MeOH (10:1,
8:1, 5:1, 3:1, 2:1) as solvent system and collgctinotal of 15 M-fractions. These fractions
were chromatographed over MCI gel CHP-20P and/ph&gex LH-20 to yield (16 mg
from fraction M-8,tgz = 10.4 min),2 (33 mg from M-6tz = 15.6 min)4 (238 mg from M-
3,tk = 17.9 min), and (36 mg from M-5tr = 20.4 min).

Excelside A (1)amorphous, white powderg]f>, —106.1 (c 0.18, MeOH); UV (MeOFA,
max (109 €) 232 (4.61) nm; IR (KBr¥max 3401, 1734, 1717, 1626 &m'H and®C NMR
data, see Table Ill-1; HRFABMS m/z 603.1890 [M +]Nécalcd. for GsH3c0:6Na,
603.1901).

Excelside B (2)amorphous, white powderg]f, —115.6 (c 0.16, MeOH); UV (MeOWHA,
ax (109 €) 230 (4.33), 275 (4.02), 283 (0.56) Nm; IRB{K Vinax 3400, 1701, 1636, 1518
cm®; *H and™®C NMR data, see Table IlI-1; HRFABMS m/z 687.2506 f H]" (calcd.
for Cs31H43017, 687.2500).

4. Acid Hydrolysis of Compounds 1 and 2 and Sugar A nalysis

Solutions of compound$ and?2 (2.0 mg each) in 1 N HCI (1 mL) were separately
stirred at 85 °C for 3h. The solution was evapatrateder a stream of NThe residue was
dissolved in 0.1 mL of Tri-Sil Z N-trimethylsilylimidazole/pyridine, 1:4, Pierce
Biotechnology, Rockford, IL), and the mixture wdkwed to react at 60 °C for 15 min.
After drying under a stream of,Nthe residue was dissolved in 1 mL opf(Hand
partitioned with 1 mL of CkCl,. The CHCI, layer was analyzed by GC-MS (Rxi-1ms
GC column, temperatures for inlet injection, 20Q t€mperature gradient system for the
oven, 120 °C for 1 min and then raised to 280 °@as of 40 °C/min). D-Glucose was
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identified for 1 and2 by comparison with retention time of authentic Degse {zr = 9.72

min) after treatment in the same manner with TriZSi

5. Cell Culture and Adipocyte Differentiation

For differentiation assays, 3T3-L1 cells were neimtd in Dulbecco's Modified
Eagle's medium (DMEM) and supplemented with 10% EBS7°C in a 10% COcell
incubator. Preadipocyte 3T3-L1 cells were grownlRwell plates until 2 days post-
confluence. The differentiation was induced as jogsty described (Liu et al., 2001;Liu et
al., 2005) by addition of 1 mg/L insulin (IS), OrBmol/L 3-isobutyl-1-methylxanthine
(IBMX), and 0.25 mmol/L dexamethasone (DEX). Twoyslaafter induction, the
IS/IBMX/DEX-containing medium was replaced with med containing 1 mg/L IS. The
medium was subsequently replaced again with fresiture medium (DMEM
supplemented with 10% FBS) after 2 days and theeryewther day thereafter. To
determine the roles of compounds in adipocyte difféation, different concentrations of
individual compound were added to the medium alongth IS/IBMX/DEX
(BE/IS/IBMX/DEX). The compound-treated cells werssayed for their glucose uptake

activity 9-12 days after the initiation of induatio

6. Glucose Uptake Activity Assay

Glucose uptake activity was analyzed by measuring tiptake of 2-deoxy-D-
[*H]glucose as described previously (Liu et al., 20Qd et al., 2005). Briefly, confluent
3T3-L1 adipocytes grown in 12-well plates were veashwice with serum-free DMEM
and incubated with 1 mL of the same medium at 370t h. The cells were washed 3
times with Krebs-Ringer-Hepes (KRP) buffer and beted with 0.9 mL KRP buffer at
37 °C for 30 min. Insulin, FE, or compounds wererttadded and adipocytes incubated at
37 °C for 15 min. Glucose uptake was initiated hg &ddition of 0.1 mL of KRP buffer
and 37 MBg/L 2-deoxy-D3H]-glucose and 1 mmol/L glucose as final conceitiret
After 10 min, glucose uptake was terminated by wagskhe cells 3 times with cold PBS.
The cells were lysed with 0.7 mL of 1% Triton X-1@@ 37 °C for 20 min. The
radioactivity retained by the cell lysates was dateed by a scintillation counter. Assays

were repeated at least once<2), and data were analyzed by comparison of raxeatal
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samples of the same treatment conditions as a gwitlp negative control (untreated)
samples, positive (insulin-treated) samples, oredrpental samples with different
treatment conditions. If values were below that tbé negative control, they were

interpreted as due to inhibitory activity.

7. Adipocyte Differentiation Assay

Undifferentiated 3T3-L1 preadipocytes were indutedifferentiate into adipocytes as
described above. The degree of the differentiatibthe cells induced by different agents
was evaluated by microscopic observation of ligiduenulation, as well as by their glucose
uptake activities at the end of the induction. Thecose uptake assay was chosen and
performed here for determination of the degreedif@cyte differentiation on the basis of
the observation that differentiated adipocytes lwamnduced by insulin to take up glucose,
whereas undifferentiated preadipocytes cannot @fiual.,, 2001;Liu et al., 2005)n
addition, a near-linear relationship was found et the glucose uptake activity of
differentiated adipocytes and the triglyceride eos of cells (unpublished dat&lucose
uptake and adipocyte differentiation inhibition ags for each compound or fraction were
performed at least twica & 2). The result was normalized and expressqutecentage by
considering the activities of positive (1 nmol/mtiosulin) and negative control (MeOH)
as 100% and 0%, respectively. Results were rep@sechean + standard error of means
(SEM). Data were analyzed by comparing compounatée samples with untreated
negative control samples or with insulin-treatedifiee samples using one-way ANOVA

with Turkey’s post hoc test. Significance level vgas$ atp < 0.05.

8. PPAR Reporter Cell Lines. Preparation of Plasmid s

MH100-TK-LUC was utilized as luciferase reportengeands-galactosidase gene was
used as internal control. PPARand RXRx constructs ang-galactosidase vector were
transfected with MH100-TK-LUC. In order to equalitee DNA amount, the VDRvector
plasmid was used. All the plasmids contain the aitipi resistance gene, which are
controlled by SV40 promotor, and all plasmids argge from the Nuclear Hormone
Receptor Research group of the Department of Bioidtey and Molecular Biology,

Debrecen, HungaryDNA was transformed int&scherichia coliDH5-0 cells using heat
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shock transformation. The plasmids were replicateddH5-a E. coli grown in Luria-
Bertani (LB) medium supplemented with ampicillins(Ag/mL). Plasmid extraction was

conducted via Wizard Prep Mini Column purificatikit

9. Cell culture and transient transfection.

Human embryonic kidney (HEK) cells were cultured DIMEM supplemented with
10% fetal bovine serum (FBS), 1% penicillin strepyein, and 2 mM L-glutamin. For
experiments, 2 x focells were grown in T-75 flasks at 8 with 5 % CQ. In 24-well
plates, 80.000 cells were seeded per well to obf@80 % confluency, 24 h before
transfection. Polyethylenimine (PEl)-based trantiéecwas performed. The protocol was
applied for a 24-well plate transfection. PlasmidA(1 pg) was diluted into 5QL of 150
mM NaCl per well. PEI solution (AL) was diluted into 5Qul of 150 mM NacCl for each
well. PEI solution was gently added to the DNA s$olo, and after mixing, it was
incubated at room temperature for 15 to 30 min ¢éonjit the formation of PEI/DNA
complex. DMEM supplemented with 10% fetal bovinguse (FBS), 1 % penicillin
streptomycin, and 2 mM L-glutamin was taken outnfrahe transfection plate, and
PEI/DNA complex was gently added for each well. Thells were filled with
unsupplemented DMEM. The cells were transfectedifby and after changing the medium
with supplemented (medium including derivatives) BMI, the cells were incubated for 2
days to allow luciferase protein expression. A#8rh, cells were rinsed by 1% PBS and
lysed with reporter lysis buffer. Plates were stmafa 2 h and kept at -8tC for 1 h. The
luciferase activity of cell lysates was measuredhvBO pl of luciferase assay kit by
luminometer (Wallac 1420 Victor, Perform HungaridK Budapest, Hungary)The
results were normalized agaifstjal as control.

While FE was diluted 1:10 000 in,8, compound®- 5, and 8 were dissolved in
DMSO at 10'M and applied to the cell culture medium (suppleredrDMEM). The cell
culture experiments were conducted 3 times indepathd and normalized to 100,
corresponding to WY14, 643 x B, a PPAR: agonist used as positive control. The
activation of PPAR by FE, the isolated compounds, and positive comé&sulted in the
expression of luciferase and consequent incremetiiteoluminescent signals, which were

measured by spectrophotometry. Results were exqateas the relative activation of
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PPARy. proportional to the luminescent signal emittedtiy control conditions (DMSO).

Results are expressed as mean * SD.
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Abstract

Purpose:The aim of this study was to determine whethéraxinus excelsiot. seed
extract, FraxiPure™ (0.5% in the diet), limits watigjain and hyperglycemia in mide. a
previous report, we identified several secoiridam&raxiPure™, some of which activated
peroxisome proliferator-activated receptor alph&ARa) in vitro and inhibited the
differentiation of 3T3-L1 preadipocyte cells. Insaparate study, FraxiPure™ reduced
glycemia in healthy volunteers, following an ordligpse tolerance test. These findings
suggest that FraxiPure™ has antiobesity and argitgjycemia effects.

Materials and methodsEraxiPure™ was tested in mice that were fed a-fagldiet
over 16 weeks and compared with low-fat and highdfat controls. Weight gain, omental
and retroperitoneal fat, fasting blood glucose, fasting blood insulin were measured.

Results:FraxiPure™ reduced gains in body weight by 32.3p%0(05), omental fat by
17.92%, and retroperitoneal fat by 17.78%. Fraxé™ralso lowered fasting blood glucose
levels by 76.52%p<0.001) and plasma insulin levels by 53.43%(0.05) after 16 weeks.
Moreover, FraxiPure™ lowered liver weight gains&8/62% (p<0.05) and the incidence
of fatty livers by 66.67%.

Conclusions: Our novel results demonstrate the antiobesity &ffeaf chronic
administration of ar. excelsiorseed extract and confirm its ability to regulatgcgmia
and insulinemia. In addition, this extract, whishrich in secoiridoid glucosides, protects

against obesity-related liver steatosis.

Keywords: Fraxinus excelsigrsecoiridoids, PPAR, body weight, blood glucose, insulin.
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Introduction

The common ashF¢axinus excelsiol., Oleaceae) is a tree that grows naturally in
temperate regions across Europe and Asia (PlitoteH@uertz, 2003; Eddouks et al., 2005)
and exists throughout southeastern Morocco (Eddetikd., 2002). Several reports have
demonstrated that ash seeds have been used mathjtias food and condiments (Hedrick,
1919; Kunkel, 1984; Sinclair, 1998; Vergne, 200dj®er, 2003; Eddouks and Maghrani,
2004; Maghrani et al., 2004; Eddouks et al., 208%) administered to improve several
health conditions (Parsa, 1959; Eddouks and Magh2a04).

In Europe, there is evidence that these seedstie®s collected since the Middle Ages
(Vermeeren and Gumbert, 2008). The aqueous seeaterf the ash tree is recognized as
an effective hypoglycemic and antidiabetic agent thgditional healers in Morocco
(Eddouks et al., 2005). Moreover, ash seed extnast hypoglycemic and antidiabetic
effects in normal and streptozotocin-induced diabetts (Eddouks and Maghrani, 2004;
Maghrani et al., 2004).

In a previous study, we developed a well-standartligxtract ofF. excelsiorseeds
(FraxiPure™, Naturex Inc.) (Visen et al., 2009)wihich a glucose screen (50 g) was used
to assess the effects of FraxiPure™ on plasma gduaad insulin levels. The intervention
was double-blinded, randomized, crossover desigh tdsted FraxiPure™ (1.0 g) versus
matching placebo (1.0 g of wheat bran) in 16 hgaltilunteers. FraxiPure™ significantly
reduced the glycemic area under the curve (Viseh ,€2009).

In a separate study, we identified) (salidroside, a phenolic compound, and 9
secoiridoid glucosides in FraxiPure™2) pleoside-11-methylester3)(nuzhenide,4) 1'"'-
O-3-D-glucosylformoside,) excelside B,§) GI3, (7) GI5, ) excelside A, 9) ligstroside,
and (L0) oleoside dimethyl ester (Bai et al., 2010). Inimrvitro study, we demonstrated
that compound£-9 inhibited adipocyte differentiation in 3T3-L1 cl{Bai et al. 2010).
Further, FraxiPure™ (at 1:10,000) and secoirid@ids- 8, and10 activated a peroxisome
proliferator-activated receptor alpha (PP#Reporter cell system in the range of*M,
comparable with 1 M WY 14,643, a specific PPAR agonist that has robust
hypolipidemic effects (Chou et al., 2002). Thisd®mnce suggests that FraxiPure™ has

antiobesity properties.
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Based on these findings, the purpose of this stualy to examine the antiobesity and
antihyperglycemia effects of FraxiPure™ and evauis$ safety in a low-fat/high-fat
mouse model.

Materials and Methods

1. F. excelsior seed extract

F. excelsiorseeds were collected from rural communities in ddoo and deposited
into the herbarium (voucher specimen # J02/02/A&feRence # RB3524) at Naturex
Maroc, Technopole Nouasser BP 42, Casablanca 202dicco. Extracts of the sample
were generated through an established industradgss at Naturex France (FraxiPure™,
Reference: EA149251, Naturex SA, Site d’Agroparc BR8, 84911 Avignon Cedex 9,
France) (Visen et al., 2009).

2. Chromatographic analysis

HPLC analysis was performed on an Agilent 1100 L€ that was equipped with a
quaternary pump, a 4-channel online degasser, tosaupler, a column oven, and a
photodiode array detector. Chromatography was pedd using a Prodigy ODS3 column
(5 um, 4.6 mm ID x 25 cm) at a flow rate of 1.0 ml/mirhe solvent system consisted of
0.1% TFA/HO (A) and MeCN (B) as follows: 0-5 min, 0-20% B\/5-15 min, 20-30%
B; and 15-25 min, 30-100% B.

At the end of the run, the column was flushed vifl®% MeCN for 10 min, and the
column was equilibrated with the starting eluemtda additional 10 min of post-run time.
The UV detector was operated at 238 nm, and themmokemperature was ambient. Figure
IV-1 shows the chromatogram, and Table V-1 lisis tompounds that were identified in
FraxiPure™ (Bai et al., 2010).
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Figure IV-1. HPLC chromatogram of F. excelsior seed extract (FraxiPure™). The peaks were assigned
based on the isolation of each compound, and the structure of the compound was determined by NMR
and MS. (1) Salidroside, (2) Oleoside-11-methylester, (3) Nuzhenide, (4) 1'"'-O-3-D-glucosylformoside,
(5) Excelside B, (6) GI3, and (7) GI5. Peaks of other identified secoiridoid glucosides, present in only
trace amounts, are not shown: (8) Excelside A, (9) Ligstroside, and (10) Oleoside dimethyl ester (see
Table IV-1).

3. Animals and diets
Male C57BL/6J mice (aged 5 weeks) were purchasem ffackson Laboratories (Bar
Harbor, ME, USA). Fifty mice were randomly assigried. of 3 groups:

Negative control group on a low-fat diet (LFD) (1@¥energy from fat)ri=20);
Control group on a high-fat diet (HFD) (60% of emefrom fat) f=20);

High-fat diet, containing 0.5% FraxiPure™ (FED) ¥%60of energy from fat)
(n=10).

Diets of equally sized pellets were prepared byeResh Diets Inc. (New Brunswick,

NJ, USA). The mice were housed at room temperatare 12-h light/12-h dark cycle.

Animals subsisted on the experimental diets for vigeks with free access to their

respective chow and water. Average food and flnfeke and body weight were measured.

The entire study was performed in accordance witlkernational guidelines regarding

animal experiments (Robert et al., 2004).
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Table IV-1: Profile of phenolic and secoiridoid compounds in F. excelsior seed extract FraxiPure™.

Compound IUPAC name Structure Content (%)
HoHL_ O o
1 Salidroside B-0-Glucop ide, 2-(4-hydroxyphenyl)ethyl Easrg \/\:j\m 020
"°\r° C0cH;
Y

2 Oleoside-11-methyl ester (2S,3E,4S) 2H-Pyran-4-acetic acid, 3-ethylidene-2-(8-p- \):Po oH 0.19
glucopyranosyloxy)-3,4-dihydro-5-methoxycarbonyl omg&

P 0"0 »° COCHy.

3 Nuzhenide B-D-Gluc ide, 2-(4-hy yphenyl)ethyl, W » yo M 2 o 11.42
6-[(2S,3E.4S5)-3-ethylidene-2-(B-p-glucopyranosyloxy)- m‘"ﬁ“
3,4-dihydro-5-(methoxycarbonyl)-2H-pyran-4-acetate|] "

/\0"\(” cocm,
" . - . ' N

4 1"7-0-B-p-Glucosylformoside (2S,3E,4S) 2H-Pyran-4-acetic acid-3-ethylidene-2-(8-p- *C:%\;g‘ P o 1.35
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl) HOo o \/\[fm:j;
4-[2-( B-p-glucopyranosyloxy)-ethyllphenyl ester

O/\/OTO coc;
N

5  Excelside B (28, 3E, 4S) 2H-Pyran-4-acetic acid-3-ethylidene-2-[(6-0- " Ao oH oH 041
B-p-glucopyranosyl-f-p-glucopyranosyl) oim&w.&
oxy]-3,4-dihydro-5-(methoxycarbonyl)
2-(4-hydroxyphenyl) ethyl ester

op° OLH,
epes
o 0 o

6 Gi3 (25,3E,4S) 2H-Pyran-4-acetic acid, 3-ethylidene-2-(8-p- ";ﬁ,\\k o NS 65
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl)-, LD T "
4-[2-[[6-0-[[3-ethyli 2-(B-p-glucop: loxy)-3,4- oa gr
dihydro-5-(methoxycarbonyl)- (25,3E 4S)
2H-pyran-4-yijacetyij-p-p-
glucopyranosyljoxyJethyl]phenyl ester

7 G5 (25,3E4S) 2H-Pyran-4-acetic acid, 3-ethylidene-2-(-- R ‘\&\f \)iz, - 0.63
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl)-, A coien om&‘"
4-[2-[([(25.3E.45)-3-ethylidene-2-(f-D-
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl)-
2H-pyran-4-yl]acetyl]oxyethyl]
phenyl ester

cu,o\fo COCHs

8  Excelside A (28, 3E, 4S) 2H-Pyran-4-acetic acid-3-ethylidene-2-[(6-0- \/@ oH oH Trace
B-p-glucopyranosyl-B-p-glucopyranosyl) D’:m?&m&,.
oxy]-3,4-dihydro-5-(methoxycarbonyl) methyl ester

o o OCC.C~.
HdITTLR

9  Ligstroside (2S,3E,4S) 2H-Pyran-4-acetic acid-3-ethylidene-2-(8-p- Ao oM Trace
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl) m&«
2-(4-hydroxyphenyl)ethyl ester

neo, 0
\E coom

10 Oleoside dimethyl ester (2S,3E,4S)-2H-Pyran-4-acetic acid-3-ethylidene-2-(8-p- \/<>O o Trace
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl) mf—;
methyl ester

Total 20.35

4. Tissue harvesting

Mice were food-deprived for 8 h and sacrificed b@.Gnhalation after 16 weeks of

treatment. Whole blood was obtained by cardiac furac Liver, omental fat, and

retroperitoneal fat were harvested, rinsed, andghes. Plasma was isolated by

centrifugation at 700 x g for 15 min. A liver wasnsidered fatty, based on altered

coloration; the percentage of fatty livers was rded in each group. All samples were
stored at -80 °C.
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5. Fasting blood glucose

Fasting blood glucose was measured at 0, 5, 812,014, and 16 weeks of treatment.
Food was removed 8 h prior to the blood glucosesameaments, and the cage bedding was
changed to minimize the interference from coprogh&jood was collected from the tail
vein, and glucose levels were measured with a Omecif Ultra® 2 glucose monitor
(LifeScan Inc., Milpitas, CA, USA).

6. Biochemical analysis of plasma samples

Fasting plasma insulin levels and plasma alaniaesaminase (ALT) levels were
measured at Week 16 of the treatment after saerificsulin levels were measured by
ELISA (Millipore, Billerica, MA, USA), per the maracturer's protocol. ALT levels were
measured spectrophotometrically with a commercia(®atachem Inc., Bridgeport, CT,
USA).

7. Statistical analysis

Results are reported as the mearstandard error to the mean (SEM). Statistical
differences between HFD and FED mice compared kib animals were determined by
one-way ANOVA with Tukey'’s post hoc test (GraphRaftware, San Diego, CA, USA).

Results

All animals tolerated their respective diets; noveade effects were observed, the
animals behaved normally, and similar average fand water intake was reported for the
three groups (data not shown). The FraxiPure™ dhgproved physiological and
biochemical parameters in mice — i.e., body weidat,gain in various organs, fasting
glucose, and insulin — compared with HFD contrdhaais and the LFD negative control
group, the morbid and healthy references, respagtiyn addition, FraxiPure™ prevented

the development of high-fat diet-induced liver dgma
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1. Changes in body weight, omental fat, and retrope

ritoneal fat gain

Body weight gain was monitored weekly for 16 weaksll groups (Figure IV-2A).

LFD animals grew steadily, plateauing at Week 9.Z9¥0.53 g). In contrast, HFD mice
grew regularly throughout the entire study (16 v&ekutpacing LFD animals from Week

3 (25.26+0.49 s 23.00£0.42 g p<0.05) through Week 16 (42.25+1.03% 28.8420.64 -

p<0.05).
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Figure IV-2. (A) Changes in body weight in high-fat diet (HFD), low-fat diet (LFD), and high-fat diet +
0.5% FraxiPure™ (FED) animals over 16 weeks. (B) Changes in omental fat in HFD, LFD, and FED
mice. (C) Changes in retroperitoneal fat in HFD, LFD, and FED mice. Values are mean + SEM for LFD
and HFD (n=20) and FED (n=10). Significance is indicated as (*) at p<0.05, (**) p<0.001, and (***)
p<0.0001 compared with the HFD control group, using the LFD negative control group as the common

reference.
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Fat status was monitored with regard to the omefaal (Figure 1V-2B) and
retroperineal fat (Figure IV-2C) that were harvdsi®m the three groups at the end of the
study. In the LFD group, the omental fat and ret¢ropeal fat weighed 0.57+0.07 g and
0.16£0.03 g, respectively, after 16 weeks. In th&Hyroup, omental and retroperineal fat
rose 304% (2.30+£0.15¢50.57+0.07 g $<0.001) and 286% (0.61+0.13vg.0.16+0.08 g
- p<0.001), respectively, compared with LFD animals.

In FED-treated animals, fat in the omental andoprineal muscles gained 17.92%
(1.9940.23 gvs. 2.30+0.15 g) and 17.78% (0.53+0.06vg. 0.61+0.13 g) less weight,

respectively, compared with HFD mice at the endhef study. These results, however,

were not statistically significant.

2. Changes in fasting blood glucose and fasting pla ~ sma insulin

Fasting blood glucose levels were recorded throughbe entire experiment, as
reported in Figure 1V-3A. Figure 1V-3B shows thevéds of fasting plasma insulin at the
end of the study, Week 16.

Animals in the LFD group had normal glycemia levelging the 16-week treatment
(120.1545.16 mg/dl at Week 0, and 100.20+5.33 mgtdWeek 16). In contrast, HFD
animals increased fasting blood glucose levels nessively from the beginning of the
study (122.15+3.9@ng/dl) until Week 16 (176.85+7.43 mg/dl).

In the FED-treated group, fasting blood glucose r68.52% less (118.20+9.09 md/dl -
p<0.001) compared with HFD mice at the end of th&dwt Moreover, at Week 16,
FraxiPure™ reduced fasting plasma insulin levels5By3% in the FED-treated group

compared with HFD mice (1.29+0.29 ng/ngl. 2.38+0.29 ng/ml p<0.05).
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Figure 1V-3. (A) Changes in fasting blood glucose levels in high-fat diet (HFD), low fat-diet (LFD), and
high-fat diet + 0.5% FraxiPure™ (FED) animals during the 16-week study. (B) Changes in fasting
plasma insulin levels in HFD, LFD, and FED mice. Values are mean + SEM for LFD and HFD (n=20)
and FED (n=10). Significance is indicated as (*) at p<0.05 and (**) p<0.001 compared with the HFD
control group, using the LFD negative control group as the common reference.

3. Changes in liver weight, incidence of fatty live  r, and plasma ALT levels

After 16 weeks of treatment, the average liver WweigFigure I1V-4A) reached
0.96+0.05 g in the LFD group and increased 40.438%erm the HFD group (1.35+£0.09 g -
p<0.05). In the FED-treated group, the averager lweight increased 63.62% less
compared with HFD animals (1.10£0.03 g - p<0.05).

Fatty livers (Figure 1V-4B) developed in 1 of the &ice in the LFD group at Week 16.
This rate was 300% higher in the HFD group (4 of 26d 66.67% lower in the FED-
treated group (1 of 10) compared with HFD animals.

In addition, plasma ALT levels (Figure 1V-4C) in DFanimals were 22.64+3.54 U/L at
the end of the study, increasing 236% in the HFur(76.20+£9.06 U/L - p<0.0001). FED
mice increased plasma ALT levels 38.01% less (828 U/L) than HFD animals.
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Figure IV-4. (A) Changes in liver weight in high-fat diet (HFD), low-fat diet (LFD), and high-fat diet +
0.5% FraxiPure™ (FED) animals after the 16-week study. (B) Changes in fatty liver rates in HFD, LFD,
and FED mice. (C) Changes in fatty plasmatic ALT levels in HFD, LFD, and FED mice. Values are
mean + SEM for LFD and HFD (n=20) and FED (n=10). Values are mean + SME for HFD and LFD
(n=20) and FED (n=10). Significance is indicated as (*) at p<0.05 compared with the HFD control group.

Discussion

Many naturally occurring phytonutrients have begiafi effects on health (Steffen,
2009). In addition, several phytonutrients haveeiesd positive attention, based on their
relative safety and the accumulation of evidenctheir antiobesity and antihyperglycemia
effects in animals and humans; these propertiest gxispecific flavonoids (Hwang et al.,
2005), chlorogenic acid from green coffee bean|@élibera et al., 2006), and carnosic acid
in rosemary (Takahashi et al., 2009) and have tickeen proposed for secoiridoids from
F. excelsior(Bai et al. 2010).

Our results demonstrate the substantial physicdbgiod biochemical health benefits of
aF. excelsiorseed extract in obese mice that are fed a higtiéat

The differential weight gain patterns that we olsedr despite similar average daily
intake throughout the study, confirmed the validifyour calorie-controlled obese mouse
model. Although HFD mice grew steadily throughouw tstudy, doubling in weight, the
low-calorie diet in the LFD group significantly l@red gains in weight after Week 3. Mice
that were supplemented with FraxiPure™ in the FEDug grew similarly to HFD
animals; at Week 9, FED began to experience samifi reductions in weight gain, like
LFD healthy mice.
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These results complement work by Maghrani and aglies (2004), who reported that
administration of-. excelsiorseed extract for 2 weeks (20 mg/Kg) reduced boeight in
streptozotocin-induced diabetic rats but not innmaranimals. Similarly, the HFD group
experienced increases in adipose tissue weight amdpwith LFD animals over 16 weeks,
while FED mice did not gain as much fat, based oemtal fat, retroperitoneal fat, liver
weight, and, consequently, the incidence of fattgrk, trending toward the lower levels
that were observed in LFD animals.

We demonstrated recently that secoiridoid glucasiftem F. excelsiorseeds dose-
dependently activate PPARN vitro and inhibit preadipocyte differentiation in the 3T3
cell model (Bai et al., 2010). PPAR a transcription factor that regulates energy
homeostasis (Van Raalte et al.,, 2004), is highlgressed in liver, heart, muscle, and
kidney, where it controls fatty acid uptake ghdxidation (Sonoda et al., 1998; Staels and
Fruchart, 2005) by modifying the expression of #pecgenes, such as acyl-CoA
synthetase and fatty acid transport proteins (Stjaos et al., 1995; Reddy and Hashimoto,
2001). PPAR also increases the expression of lipoprotein épgafL) and downregulates
apo-C-lll, an inhibitor of LPL (Staels et al., 1998

Additionally, PPARx ligands are used widely to lower serum triglycesiéind increase
high-density lipoprotein cholesterol in patientdhmdbesity, dyslipidemia, atherosclerosis,
and coronary heart disease (Staels and Fruchag)2h our study, the decrease in fat
levels in FED animals, correlating with evidenceattlsecoiridoid glucosides frorf.
excelsiorseed extracts activate PPARNd inhibit preadipocyte differentiation (Bai ¢t, a
2010), demonstrates that FraxiPure™, due spedifidal secoiridoid glucosides, has
antiobesity effectdn vivo, likely by lowering the rate of adipocyte diffetetion in
growing animals and enhancing fat catabolism.

In addition to these observations, with regard &gt management, if we assume that
obesity is associated with increased insulin rasis (Kruszynska and Olefsky, 1996), it
becomes easier to understand how obesity contsliateeduced glucose uptake by muscle
and liver cells (McGarry, 1992). Consequently, logducose storage (as glycogen)
decreases, effecting triacylglycerol accumulatioadipocytes and liver cells and resulting
in steatosis through the esterification of fregyfacids that are supplied primarily from the

diet, coupled with increased LPL activity (Rossiakt 2010). A notable outcome of this
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phenomenon is the development of type 2 diabetesahy, 2005), wherein insulin
resistance is considered to be significantly wdls for nonobese diabetics (Seely and
Olefsky, 1993).

A corollary to this model can be proffered from aloservations. Although significant
increases in fasting blood glucose and fastingnmdamsulin levels were observed after 16
weeks in obese HFD animals compared with basekihgeg, despite their high-fat diet: (1)
fasting blood glucose in the FED group did notatif§ignificantly from the beginning of
the study, when the mice were still healthy; anyl féating insulin levels in FED mice
decreased significantly to those of LFD animalseSéh observations demonstrate that
FraxiPure™ has antihyperglycemia activity that tcanpanied by improvements in
insulin levels in FED mice, precluding the negatmgtcomes of obesity with regard to
fasting glucose and insulin levels in HFD animdksficoat, 2007). As a chief consequence,
the mechanisms of fat accumulation in adipocyteSBED animals are impaired and insulin
resistance is improved.

These results also support previous findings ofmahistudies by Eddouks and
Maghrani (2004) and Maghrani et al. (2004), who epbsd that acute intravenous
administration of 10 mg/kg/fr. excelsiorseed extract reduced blood glucose levels in
normal rats for 4 h and in streptozotozin-induceidbetic rats after chronic oral
consumption of 20 mg/kg/day for 14 days.

These results were galvanized when we observegh#fisant decrease in postprandial
glycemia with humans who were administrated FrapaP{ acutely (Visen et al., 2009).
Moreover, Eddouks and Maghrani, Maghrani et ald aor group failed to note any
increase in plasma insulin. Thus, the antihypemglyia activity of F. excelsior seed
extracts has been proposed to be caused by extrapéin phenomena - a hypothesis that
we discussed with regard to our findings on PRARtivation (Bai et al., 2010).

To promptly evaluate liver safety, we implemented evidence-based liver safety
system, supported by changes in liver weight, &tuenulation (expressed as the rate of
steatosis), and the release of ALT in plasma.

The upper limit of toxicity in this study, as mamiéd by steatosis rate and ALT release
in the plasma, was established with data on animmatbe HFD group. Compared with
these results, mice that were fed a high-fat diet@dministered FraxiPure™ for 16 weeks

(FED) experienced significant improvements in fdityer levels and decreases in ALT
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release in plasma. These findings indicate tha(FsaxiPure™ does not induce any side
effects in mice, as monitored principally by liyglnysiology and biochemistry. Moreover,

FraxiPure™ improved the healthy status of obeseerthiat were affected by a 16-week
high-fat diet (the FED group).

In conclusion, this study confirms the capacityFofexcelsiorto control body weight
and supports the existing evidence of its antihgiyeemic effects and ability to improve
resistance to insulin. The positive effects on \Wwe@nd blood glucose might be attributed
to the secoiridoids in FraxiPure™, likely througtetenhancement of fat metabolism
throughp-oxidation, the inhibition of adipocyte differertii@n during animal growth, and
limited fat accumulation.

Finally, our results suggest that this botanicalraet is effective, safe, and well
tolerated for long periods in obese mice that aded high-fat diet.

We propose that secoiridoids constitute an actiweponent inF. excelsiorseeds,
limiting weight gains and hyperglycemia through FRAactivationin vivo. To this end,
our results encourage further study on the bioakdity of secoiridoids in FraxiPure™ and

their mechanisms of regulatiém vivo.
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Abstract

Aim of the StudyFraxinus excelsiol. (Family: Oleaceae}eeds are consumed as a
food, condiment, and folk medicine. The seeds aeglittonally used as a potent
hypoglycemic agent, but no clinical evidence existthis regard. We assessed the clinical
efficacy and safety of the seed extract (FraxiPlreNaturex), containing 6.8% of
nuzhenide and 5.8% of GI3 (w/w), on plasma gluasinsulin levels against glucose (50
g) induced postprandial glycemia.

Materials and methodsPreselected dose (1.0 g) was used in a doubld,blin
randomized, crossover, placebo (wheat bran) cdetradtudy on 16 healthy volunteers.
Each treatment was given immediately after a fgstiood glucose sample (0 min).
Postprandial plasma glucose levels were estimatedlb, 30, 45, 60, 90 and 120 min; and
postprandial plasma insulin at 0, 30, 60, 90 ar@rhih.

Results:The extract lowered the incremental postprandasdipa glucose concentration
as compared to placebo at 45 mi*x(.06) and 120 minR=0.07). It statistically #=0.02)
reduced the glycemic area under the blood glucasgec The seed, also, induced a
significant £=0.002) secretion of insulin at 90 min after glueasiministration. However,
the insulinemic area under the blood insulin cumas not different than the placebo. No
adverse events were reported.

Conclusions:Our findings confirm the hypoglycemic action Bfaxinus excelsiol..
seed extract. These promising results, thus, eageuronducting long term clinical studies
to evaluate the efficacy and safety Frfaxinus excelsion.. seed extract in healthy and

diabetic volunteers and also to explore the possit@chanism(s) of action.

Keywords: Fraxinus excelsiolL.; Postprandial blood glucose; Insulinemia; Sedoids;
Nuzhenide; GI3
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Introduction

Plant derivatives with purported hypoglycemic pntigs have been used in folk
medicine and traditional healing systems aroundatbdd (e.g., Native American, Indian,
Jewish, Chinese, East Indian, Mexican) (Ungar t1857;Yeh et al., 2003). But on the
other hand, as indicated by Marles and Farnswd@B5, not all of the plants, based on
anecdotal use, reported to be entirely safe, apgf #mphasize the need for carefully
planned scientific research to identify those hypogmic plants with true therapeutic
efficacy and safety. To provide evidence-based dlerbedicine, we must standardize
suitable clinical models and utilize randomizedteolted trials (RCTs) to determine what
herbs are efficacious for what diseases and stdizgarthem according to their health use.

In this pursuit, the present study, utilizing ouellstandardized acute clinical model,
was undertaken with the common aBhaxinus excelsiot. (Family: Oleaceae). It grows
naturally in Europe, North Africa, and Asia frometkhores of the Atlantic Ocean in the
West to the Volga River in the East (Plira and éten) 2003;Eddouks et al., 2005).
Several reports reveal that the seed&raikinus excelsiol. have been traditionally used
as food, condiment, and folk medicine (Hedrick, @ ®&unkel, 1984;Boisvert, 2003). The
ash tree is known in Morocco as “Lissan Ettir", arsdseeds as “L'ssane I'ousfour”, one of
the ingredients of the condiment “Ras el Hanougdugo prepare the famous tagines and
other typical Moroccan plates (Sinclair, 1998;Vergn2001;Allen, 2007). In The
Netherlands, there is evidence of the use of ashisssince the medieval l&entury
(Vermeeren and Gumbert, 2008). In Iran, the astissaee employed as carminative and to
destroy bladder stones (Parsa, 1959). Also, in Raydhe aqueous extract of the ash seeds
is drunk in order to enhance several health cantit{Eddouks and Maghrani, 2004). This
plant has been reported to have anti-oxidative @flegt al., 1995;Schempp et al.,
2000;Middleton et al., 2005), anti-inflammatory-(&hazaly et al., 1992;von Kruedener et
al., 1996), anti-rheumatic (von Kruedener et a@93;Gundermann and Muller, 2007),
analgesic (Okpanyi et al., 1989), and antipyrefitghl et al., 1995) properties. The seeds
of Fraxinus excelsiorL. were recognized as potent hypoglycemic agentsséveral
traditional healers using it for type 1 and typdi@betes mellitus (Eddouks et al., 2005).
Eddouks and Maghrani (2004) and Maghrani et al042@xperimented on animals and

reported hypoglycemic activity in normal rats andti-@iabetic properties, such as
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controlling streptozotocin (STZ) induced hyperglyta, but no clinical evidence and
scientific validation exist in this regard.

Therefore, in the current acute clinical study,tfee first time an attempt has been made
to confirm our hypothesis th&raxinus excelsiol. seed extract will reduce postprandial
glycemia in non-diabetic healthy individuals follmg glucose (50 g) intake. In order to
determine the underlying mechanism, the serum imsabncentrations were also
determined. We are thus; presenting the prelimidata on the acute clinical effect of the
aqueous extract of the seedsFoéxinus excelsiolL. on healthy subjects against glucose

induced postprandial glycemia.

Material and Methods
1. Fraxinus excelsior L. seed extract

1.1. Raw material

The seeds ofraxinus excelsio.. were collected from many rural communities in
Morocco and deposited at the herbarium (vouchecismn # J02/02/A7; reference #
RB3524) of Naturex Maroc, Technopole Nouasser BP GHsablanca 20240, Morocco.
First the samaras were harvested from the treti®irtlas Mountains, and then the seeds
were separated manually at home, a traditionaltipea that region. After the collection,
the seeds were analyzed in order to confirm thetarical origin. Analyses included
macroscopic, microscopic and High Pressure Thineta@hromatography (HPTLC,
CAMAG, Switzerland) techniques. These analyses werglucted by Mr. Elan Sudberg
from Alkemists Pharmaceuticals, Inc. (Costa Mes&, @SA) using authenticated
Fraxinus excelsiot.. seeds as a control. The sample used in ourriexget corresponded

to the seeds dfraxinus excelsiot..

1.2. Extract preparation

Fraxinus excelsiol. seed extract was obtained by an industrial ggedqFraxiPure™,
batch # 347/53/A7; reference # 149251, Naturex Sie d’Agroparc BP 1218, 84911
Avignon Cedex 9, France) according to the trad#@lanethod used in Morocco (Eddouks
and Maghrani, 2004;Maghrani et al., 2004;Eddoukslet 2005). First the seeds were

milled, and then the seed powder was extractedatemstirring for 2 h at 65 °C. The ratio
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(Fraxinus excelsiorlL. seeds: solvent) was fixed, using only wateraasolvent. After

filtration, the clarified solution was concentratedder vacuum at 40 °C which was then
mixed with Arabic gum and silicon dioxide as camieand spry dried to obtain a fine
powder. Moisture content in the extract was lesantt8%. The extract ratio was
approximately 6:1 (Fraxinus excelsior L. seedsramttpowder), yielding 16.67% of dry

Fraxinus excelsiot.. seed extract.

1.3. Chemical identification

The molecular weight of nuzhenidp-D-Glucopyranoside, 2-(4-hydroxyphenyl)ethyl,
6-[(2S,3E,4S)-3-ethylidene-3-D-glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbfny
2H-pyran-4-acetate]) and GI3 (2H-Pyran-4-acetic daci 3-ethylidene-2§-D-
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl@d-[2-[[6-O-[[3-ethylidene-2{§-D-
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbon®h-pyran-4-yllacetyl]p-D-
glucopyranosyl]oxy]ethyllphenyl ester, stereoisonf@Cl)), the main secoiridoids being
standardized ifFraxinus excelsiol.. seed extract, were identified by HPLC-MS and th
chemical structures were determined by compariSoNMR data to those in literature
(LaLonde et al., 1976). Figure V-1 shows the chrimgeam of the extract and the chemical
structure of the two compounds. An HPLC method dexeloped for the quantification of
the secoiridoid contents. The HPLC system used avag\gilent 1100 (Palo Alto, CA,
USA) equipped with a diode array detector. Theimtary phase was a Prodigy ODS3
analytical column (250 x 4.6 mm id, 5um, Phenomen&orrance, CA, USA)
thermostated at 30 °C. The flow rate was 1 ml/raimj the elution was monitored at 238
nm. The mobile phases were (A) water with 0.1% Bl (B) acetonitrile. The solution of
80% A and 20% B was maintained for 5 min and tHesnged to 70% A and 30% B after
15 min total time; followed by a linear gradient ®890% B after 25 min total time,
maintaining this composition for 10 min; the systewas then reequilibrated to the initial
composition after 10 min. Peaks of nuzhenide angl &lpeared at approximately 13 and
18 min, respectively. Th&raxinus excelsiorL. seed extract used in this clinical trial
contained 6.8% of nuzhenide and 5.8% of GI3.
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Figure V-1. (A) Chromatogram of Fraxinus excelsior L seed extract, (B) Nuzhenide and (C) GI3.

2. Clinical trial
2.1. Test material
The dose ofrraxinus excelsioll. seed extract in our acute clinical study was g.

(powdered extract filled in two capsules of 500 @agh).

2.2. Placebo

Wheat bran (Certified Hard Red Wheat Bran; lot 19&ved as placebo which was also
administered at the dose of 1.0 g for comparisbis ¢tertified by American Association of
Cereal Chemists (AACC). The main composition of athieran consists of protein-16.05%
(Nx6.31), fat- 4.34% (as triglycerides, total), alodietary fiber- 49.65%, carbohydrates-
65.75%, starch- 13.3% (Modified Ewers method), dessivitamin B, Bg, B, magnesium,

potassium, phosphorus, manganese, calcium, cappgrsodium and zinc. It did not seem to
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improve blood glucose control or risk factors faranary heart disease (CHD) in type 2

diabetes over 3 months (Jenkins et al., 2002)

3. Study design

The study was randomized, double blind, placebdrobbed and crossover designed.
By this design subjects act as their own contr@sly the “blinder”, an independent
clinical research scientist, knew the identity d&fe ttreatments who performed and
maintained the “blinding” of packages, labels, aaddomization of the treatments while
not having contact with individuals or data. Randmtion was done using a random
number table. Monitoring of all individual recordigta sheets, sample handling, laboratory
sample storage, and sample inventory for completeaad adherence to the protocol was
conducted by the study monitor.

The trial was carried out at Kumar Clinic and DiseCare Centre, Lucknow, India.

All the healthy subjects were recruited at this {&zn

3.1. Inclusion criteria

— Subjects were males or non-pregnant females agéd y@ars, recruited from India.
— Given written consent to participate in the study.

— Healthy, fasting plasma glucose range: 4.0-5.5 mfimol

- BMI 25-28 kg/nf.

3.2. Exclusion criteria

— Diabetes.

— Hypertension.

— Any medication which might, in the opinion of intiggtor, be dangerous to the subject
or will affect the results.

- Smokers.

— Heavy alcohol abuse.

— Renal, hepatic or inflammatory bowel disease, anemiCVD.

— Blood donation within 2 months.
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— Subjects who cannot comply with the experimentakpdures or do not follow safety
guidelines.

- Women with anticipated pregnancy/pregnant/lactation

- Use of any microsomal enzyme inhibiting/inducingugl within 30 days and/or
systemic medication including .OTC operation 14gdjasior to day 1 of the study.

— Participation of any clinical trial within 6 weekseceding day 1 of the study.

3.3. Participant characteristics and study flow

Prior to commencement of the study, the particpamere invited to come to the
Kumar Clinic and Diabetic Care Centre, Lucknow {&)d They were then briefed with
objective and procedures of the study in simpleromicable language. All the volunteers
were screened for inclusion/exclusion criteria sasked to understand and sign the
informed consent form at each visit. During theesaiing session, they underwent multiple
measurements such as blood pressure, height agtitwisione of the participants reported
use of natural health products or supplements pittential effects on glycemia with 3
weeks prior to the screening visit.

Sixteen healthy individuals (11 male; 5 female wdi&n origin, age range: 20-55 v,
BMI: 26+2.2 kg/ nf; fasting blood glucose: 4.4+0.09 mmol/L) completiee study.

The test substanc&r@xinus excelsiot. seed extract, 1.0 g) or the placebo (wheat bran,
1.0 g) was administered orally on two separate siong, with a gap of one week (washout
period), in the form of two capsules (each havi@ B1g) as a single dose prior to the glucose
challenge (50 g in 100 ml) for evaluation of glyéemesponse. The placebo matched with the
test substance in all aspects except for activetitoents for the purpose of blinding. Each of
the 16 healthy subjects underwent randomizatioe#oh of the investigated treatment and all
of their data were included in final analysis.

At each study visit, 10-12 overnight fasted volentefirst had their blood pressure,
weight and height measured and subsequently réstélde seated position. Thereafter,
individuals filled out forms detailing their pharo@ogical regimen including their
previous visit and their diet (dinner) and activifsleep, urination, morning routine)

regimen for the previous 12-hours.
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3.4. Compliance and symptoms

The participants were asked to maintain their usadbohydrate intake which excludes
dieting or restricting intake and to maintain astant level of physical activity and lifestyle
patterns throughout the course of the study anilah@nuous exercise the day before and the
morning of the test. Moreover, they were advisedrdfrain from taking any herbal
supplements or medicines. Volunteers were askbedue a simple diet 3 days prior to the test
substance administration accompanied by 10-12 Fasiing before coming to the clinic
between 7:30 and 10:30 am. The standardized anwfumiater and time for treatment

consumption were strictly observed by all partioiga

3.5. Methodology

The methods and treatment protocol for the prestedty have been well established for
acute clinical screening at our Risk Factor Modifien Centre (RFMC), St. Michael’'s
Hospital, Toronto, Canada (Vuksan et al., 2000;\dmkset al., 2001;Vuksan et al.,
2008;Sievenpiper et al., 2003;Sievenpiper et 8042Sievenpiper et al., 2006).

The consent form, questionnaires along with coordmg protocol wer@approved by
Institutional Human Ethical Committee (IEC) of Kum@linic and Diabetes Care Centre
vide letter # LNC/FR/2008/19; dated February 150&(@ollowing the guidelines of the

Declaration of Helsinki and Tokyo for humans andWSH, Government of India.

3.5.1. Estimation of blood glucose level.

During the study, finger- prick blood samples web¢ained at 0, 15, 30, 45, 60, 90 and
120 minutes. The test extract/placebo was givenediately with 100 ml of water, after
taking out the fasting blood sample at 0 min. Tlwis followed by the ingestion of a
glucose (D-glucose; Qualigens Co., Glaxo Indiahkdi50 g in 100 ml). At this moment
the timer was started. This was asked to consurtténab-8 min. Additional finger-prick
blood samples were taken at 15, 30, 45, 60, 9Q1@0dmin after the start of glucose drink.
Glucose concentrations were determined in the leapilwhole blood using Bayer's
glucometer using Essentia glucotrip. The portabiEodh glucose monitor measures the
glucose concentration in whole blood using a glecdshydrogenase method based on

bioamperometry, but is calibrated to yield plasike-lglucose values (Heacock et al.,
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2005). This blood glucose monitor correlated wellhwour standard laboratory glucose
analyzer (YSI 2300 Stat Plus, Yellow Springs Instemts, Yellow Springs, OH) used
routinely at RFMC, St. Michael's Hospital, Cana@aring the 2 h of the testing session,
subjects remained seated, did not smoke, eat ok.dfter the end of study, they were
asked to fill up post test questionnaire. The entiime spent in the clinic was

approximately 2.5 hours. Thereafter, they werereffea snack and then allowed to leave.

3.5.2. Estimation of serum insulin level.

Venous blood samples (7-8 ml) were collected a8@, 60, 90 and 120 min in test
extract/placebo treated healthy subjects in sereparsitor tubes. The blood was allowed
15 min to clot, and then was centrifuged at 150§ fer 10 min. The resulting serum was
then analyzed for insulin using an electrochemihascence immunoassay (ECLIA) at the
prestigious analytical unit of Ranbaxy at Mumbailib. The inter-assay CV was between
1.5- 2.0 %.

Statistical analysis

The positive incremental area under the curve (iEAldbr both placebo anBraxinus
excelsior L. seed extract treated groups were calculatedgfpcemic and insulinemic
concentrations at different time intervals, igngrareas below the initial value at time zero
(Wolever et al., 1991). Significant differencesvie¢n groups were calculated using a two-
tailed paired Student’s test. Analyses were performed using XLSTAT 2008&vere
(Addinsoftf™, USA). Statistical significance was setRa 0.05. All data are reported as

mean = SEM.

Results

1. Blood glucose level

The graphic, from pair-wise comparison, of incretaéglycemia showed a decrease in
postprandial glucose levels Wyraxinus excelsiorl. seed extract, during the length of
experiment from 15 (2.0£0.28 mmol/l vs. 1.7+0.21 oiifh, 30 (4.1+0.31 mmol/l vs
3.84£0.33 mmol/l), 45 (4.2+0.41 mmol/l vs. 3.8+0.4¥mol/l), 60 (3.5£0.46 mmol/l vs.
3.41£0.41), 90 (1.9+0.38 mmol/l vs 1.7+0.31 mmoly 120 (0.58+0.29 mmol/l vs.
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0.21+0.28 mmol/l) min as compared to matched wibeah placebo (Figure V-2A). The
extract almost reached statistical difference atitb (P=0.06) and 120 minR=0.07).

Paired Student'stest indicated that differences (299.8+28.9 min invs 273.3£25.3
min mmol/l) in the effect of treatmenFi@xinus excelsiol.. seed extract vs. placebo) on
mean glycemic area under the curve (AUC) were s$iadilly significant P=0.02). The

results are presented in Figure V-2B.
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Figure V-2. Comparison between Fraxinus excelsior L seed extract (1.0 g) and matched wheat bran
placebo (1.0 g) on glycemia in healthy volunteers administrated with 50 g of glucose. (A) Incremental
glycemia at individual time points. (B) Glycemic area under the curve (AUC). Values are mean + SEM.
*P=0.02, Student’s t test (n=16).

2. Insulin level

Fraxinus excelsiorL. seed extract (55.5+4.6 mU/l) induced a sigaific (°=0.002)
secretion of insulin at 90 min compared to placéb®.5+5.0 mU/l) (Figure V-3A). No
significant difference was noticed in the mean limaumic AUC (0-120 min), ifFraxinus
excelsiorL. seed extract treated group (6,041.6+340.5 ml)ncompared to placebo
(5,996.3£594.58 min.mU/l) (Figure V-3B).
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Figure V-3. Comparison between Fraxinus excelsior L seed extract (1.0 g) and matched wheat bran
placebo (1.0 g) on insulin levels in healthy volunteers administrated with 50 g of glucose. (A)
Incremental insulinemia at individual time points. (B) Insulinemic area under the curve (AUC). Values
are mean + SEM. *P=0.002, Student’s t test (n=16).

Discussion

In the present preliminary acute study witaxinus excelsiot.. seeds, we have tested
the aqueous extract in healthy subjects againstogis (50 g) induced postprandial
hyperglycemia to know its efficacy and safety. ukar decreasing trend of postprandial
glycemia was observed withraxinus excelsiorL. seed extract (1.0 g) which almost
reached statistical difference at 45 mip=Q.06) and 120 minR=0.07) compared to
placebo (wheat bran). This finding, thus, validaties hypoglycemic activity in normal
animal studies observed by Eddouks and Maghrafi4R@nd Maghrani et al. (2004).

The healthy volunteers were taken in order to aymitential interaction with anti-
diabetic and other medications. Further, the a@pproach also eliminates possible
concerns regarding the untested safety of the @xtirmour investigation, no adverse event
or reaction was observed in the healthy voluntaéleast for the dose and duration used.
However, the effect should nevertheless, be coefirin long term trial in healthy as well
as diabetic patients. The animal studies are aldicative for such clinical study with
Fraxinus excelsiorL. seed extract where more activity was observedliabetic rats

compared to normal (Eddouks and Maghrani, 2004).
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In this study, we found that the main compoundBEraxinus excelsiot.. seed extract
are the secoiridoid glycoside nuzhenide (6.8%) thieddimeric secoiridoid glycoside GI3
(5.8%) (Figure V-1), which may be responsible ftiicacy. Similar secoiridoid glycosides
such as oleuropein, ligstroside, and excelsiosidke@I5 - a molecule similar to GI3 - have
also been isolated froffraxinus excelsiot. leaves (Jensen and Nielsen, 1976;Damtoft et
al., 1992;Egan et al.,, 2004). All these secoiridoglycosides have been reported for
hypoglycemic (Gonzalez et al., 1992;Al-Azzawie akilamdani, 2006) and anti-diabetic
(Ahmed et al., 2003;Somova et al., 2003) properties

The incremental glycemic curve fdfraxinus excelsiorL. seed extract shows two
different phases compared to the placebo (FiguBA)/-The first phase takes place during
the initial 60 min of the experiment. During thesfi15 min there is a slight reduction of
glycemia in theFraxinus excelsiok. seed extract group, this difference is moralent at
30 min, and almost reaches statistical differericésamin £=0.06). The two groups have
similar glycemic values at 60 min. The second phakes place during the last hour of the
experiment. At 90 min there is a slight reductiorglycemia in thé=raxinus excelsioL.
seed extract group compared to the placebo, wiiicbsd reach statistical difference at 120
min (P=0.07). These two phases may underlay differenthamr@isms of action dfraxinus
excelsiorL. seed extract in reducing postprandial glycemia.

A possible explanation for the first phase is tRatxinus excelsiorl.. seed extract
partially inhibits the absorption of glucose by d¢king its uptake in the intestine. The
partial inhibition of glucose uptake by other sedary metabolites of plants already have
been reported for glycoside flavonoids (Johnston akf 2005;Kottra and Daniel,
2007;Kwon et al., 2007). Flavonoids reduce thesitmal glucose absorption by limited
inhibition of sodium-dependent co-transporter SGLiRlthe brush border membrane
(Welsch et al., 1989;Kottra and Daniel, 2007) aheé sodium-independent glucose
transporter GLUT2 in the basolateral membrane (Kwobml., 2007). In flavonoids, this
inhibition is enhanced in the presence of glycasifliohnston et al., 2005; Kottra and
Daniel, 2007). Therefore, the reduction in glycewhiging the first phase might be caused
by the glycoside secoiridoids presentfriraxinus excelsiok. seed extract by blocking the
intestinal glucose transporters. However, moreare$eis needed in order to confirm this
hypothesis. Other mechanisms can also be involvedhé reduction of postprandial

glycemia during the first phase and may have adomgfect. The literature describe that
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some glycoside secoiridoids lowers the hypoglyceauitivity by reducing the peripheral
uptake of glucose (Gonzalez et al., 1992).

Regarding the second phase, our preliminary mestianirial suggests that the
postprandial hypoglycemic effect may be due todased insulin secretion, compensated
for the reduced release in the time period. Normsililin secretion is biphasic, with an
early burst of insulin release within the first dfn, followed by a progressively phase of
insulin secretion that persists as long as the fgjypeemic state is present. As the first 60
min of oral glucose challenge is considered tohmerepresentative of the early phase of
insulin secretion (Vuksan et al., 2001), our datggest thafraxinus excelsiol. seed
extract may be able to increase this phase, tleedbsvhich is a primary defect in type 2
diabetes. Weobserved a significantPE0.002) increase in the insulin level at 90 min by
Fraxinus excelsiorL. seed extract at the dose of 1.0 g, after gkicadministration
compared to the placebo (Figure V-3), from wheresas a decline in postprandial plasma
glucose level. Our study, thus, also offers strorsygport for post-absorptive effects (60-
120 min of the oral glucose challenges) such asmsdgment of insulin secretion (Vuksan
et al., 2001). This might be caused by the actibthe secoiridoids glycosides present in
the Fraxinus excelsiot.. seed extract. Compounds from the secoiridaidilfahave proven
to stimulate glucose induced insulin secretion (fater et al., 1992;Al-Azzawie and
Alhamdani, 2006;Zhang et al., 2006) and improve itfilin resistance (Somova et al.,
2003). In order to exert insulin secretion, compgifound inFraxinus excelsiot. seed
extract or its metabolites must be bioavailableer€his no evidence in literature on the
bioavailability of nuzhenide or GI3; but some skslisuggested that secoiridoids with
similar structures can be absorbed by the bodyd€Eaigbe et al., 2000;Singh et al., 2008).
For example, arin vitro study showed that part of oleuropein, the mainoiseoid
glycoside found in olives, is hydrolyzed in gastdonditions and another portion is
degraded by the colonic microflora (Corona et2006). The authors reported paracellular
absorption and/or an active transport mechanismS@4.T1 (Edgecombe et al., 2000).
Resulting metabolites could then be subjectedassit Phase I/l biotransformation before
reaching general circulation (Corona et al., 20083 there is no information on
bioavailability of nuzhenide or GI3, we can supptsa their mechanism of absorption is
close to the absorption of oleuropein. However, ancgsearch is needed in order to

determine the type of metabolites, their pharmawtic mechanisms and to understand the
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possible insulin stimulation mechanisms of secoidd fromFraxinus excelsiol. seeds
in humans.

In type 2 diabetes, in early phase, the insuliistasce is overcome by a compensatory
response from the pancreatic beta cells and eugigcés maintained. In our study, the
stimulation of insulin secretion at 90 min seembeaa direct action of the plant extract on
the pancreatic islet cells (Zhang et al., 2006)cWwhieturned to normalcy at the end of study
(120 minutes). This may reduce insulin resistanue immprove insulin sensitivity in such
cases. Further, since there is no significant diffee in mean insulinemic AUC between
treatment and placebo, the use of extract is s@fene resultant hyperinsulinemia in the
following hours post-treatment. This strongly iraties the possible mechanism of action of
Fraxinus excelsiot.. seed extract in reducing postprandial hypergyia.

Our preliminary study shows a decrease in plasmaoge AUC of 9% ofraxinus
excelsiorL. seed extract compared to the placebo. The ¢pp&tedent’s test indicated that
differences (299.8+28.9 min mmol/l vs. 273.3+25.8 mmol/l) in the effect of treatment
(Fraxinus excelsior.. seed extract vs. placebo) on AUC (0-120 minyewstatistically
significant £=0.02) (Figure V-2B). This observation, in our acwwtudy, has a clinical
relevance. We have only studied the effectFofixinus excelsiorlL. seed extract on
postprandial glycemia in healthy individuals, notthose with diabetes. Therefore, based
on the current observations, further research ésle@ to evaluate the effectiveness of the

extract in people with diabetes and safety ovetdhg-term clinical investigations.

Conclusion
To our knowledge, there are no studies on the efféd-raxinus excelsion.. seed

extract on postprandial glycemia either in heakhijects or diabetic patients. For the first
time, through our standardized acute clinical gsdwe have, thus reported its preliminary
significant effect on glucose induced postprantligberglycemia and insulin secretion in
16 healthy subjects. Implications of the presestiite are promising. Our findings suggest
thatFraxinus excelsiot.. seed extract causes an acute insulinotropeceffi humans after
a glucose challenge, and therefore promotes inséimsitivity. Moreover, as the total
postprandial insulinemia is not statistically diffat as compared to placebo, it may

significantly prevent the development of insulirsistance. This evidence encourages
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continuing the research work to determine its badlability and possible hypoglycemic
mechanism of action. More research is needed tthely evaluate the efficacy and safety
of Fraxinus excelsiorL. seed extract in healthy volunteers as well mpéople with

diabetes over a long-term.
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DISCUSSION

In this doctoral thesis, extracts derived from éible parts of rosemariRosmarinus

officinalis L.) and seeds of the ash treEraxinus excelsiorL.) were produced and
analyzed. Moreover, their capacity to amelioratetalmelic disorders, such as obesity,
hyperlipidemia, and hyperglycemia was evaluatec plants studied are traditionally used
in the Mediterranean basin as food and as treatnfentseveral conditions (Aguilar et al.,
2008;Eddouks and Maghrani, 2004).

Metabolic disorders are associated with increaséghtive stress, which can adversely
affect the oxidation of LDL, the chief cause of extbsclerosis (Esterbauer et al., 1992).
Persistent hyperglycemia increases oxidation afidnmmation, which can be reverted by
supplementation with appropriate herbal compoufisdr et al., 2010). Moreover, several
botanical extracts that contain natural antioxidanhave antilipidemic and
anticholesterolemic effects (Dinani et al., 201y &t al., 2010).

Rosemary extracts are used as natural preservaiivefoods and beverages.
Consequently, such extracts that have been stamddréor carnosic acid and carnosol
content have attained the status of additive, vawgian E rating from the European Food
Safety Authority (Aguilar et al., 2008). The antidant effects of the active compounds in
rosemary have been reported extensively (del Baral.e2003;Wijeratne and Cuppett,
2007), but few studies on commercially availablaaots that have been obtained through
industrial processes exist.

To this end, in this research program 3 commerosémary extracts were developed
—standardized to contain 20% carnosic acid, 20%naoic acid, and 40% ursolic acid
—and were evaluated for their antioxidant actigitey ORAC, FRAP, anéx vivoLDL
oxidation assay.

Based on these results, depending on the extragifmecedure, the antioxidant
properties of rosemary extracts can vary signifigaihn fact, the ursolic acid extract had
very low antioxidant activity in all assays. In ORA&nd FRAP, the rosmarinic acid extract
had greater antioxidant activity than the carne@sid extract. These results are consistent
with previous reports that have demonstrated ti@dbive compounds in rosemary have
antioxidant effects (Fuhrman et al., 2000;Hsiehlet2007).
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Nevertheless, the rosmarinic acid extract, testeslpg/mL, had prooxidant activity in
theex vivoLDL oxidation assay. Apparently, rosmarinic actt@lerates the accumulation
of hydroperoxides in LDL, induced by the reducedrfaf copper (Cl)—a process that is
unable to be balanced with an insufficient antipgetant activity. In a previous study,
rosmarinic acid was noted to reduce transition lmékeat form reactive oxygen species and
mediate LDL oxidation, especially when lipoproteirntained traces of lipid
hydroperoxides (Esterbauer et al., 1992;Porter3)L9%onversely, the carnosic acid extract
was more effective than the rosmarinic acid extira¢he LDL oxidation assay, suggesting
that their antioxidant effecesx vivodiffer from thosen vitro.

Based on previous findings, this research prograaméned the capacity of rosemary
that has been standardized to contain 20% carresit (RE) to prevent metabolic
disorders. The effects of RE on weight gain, lip@meostasis, and glucose levels in mice
that were fed a high-fat diet for 16 weeks wereedained. Animals were given a low-fat
diet (LFD), a high-fat diet (HFD), or a high-fatetlithat was supplemented with 500 mpk
RE (HFD.RE). Physiological and biochemical paramseteere measured throughout the 16
weeks of treatment; in addition, the inhibitory eeffs on pancreatic lipase and PRAR
agonist activityin vitro were assessed.

RE reduced gains in weight compared with HFD withaffecting food intake or fat
energy intake. RE also lowered epididymal fat #ssueight compared with the HFD.
Further, total fecal lipid content rose in HFD.REcenversus HFD animals, which is linked
to the amount of total fecal fat energy that isreted. RE inhibited pancreatic lipase and
activated PPARIn vitro.

This in vivo evidence is consistent with findings from otheougps (Harach et al.,
2009;Ninomiya et al., 2004), suggesting that impgdimitations in lipid absorption in the
intestine is a mechanism by which RE prevents wejgin.

This hypothesis is supported by the inhibition @hpreatic lipase by REh vitro.
Moreover, similar effects have been reported rdgevith an ethanolic extract of rosemary
that contains rosmarinic, carnosol, and carnosidsa¢Harach et al., 2009) and with
carnosic acid from other plant sources (Ninomiyalgt2004). Thus, the effect of RE on
fecal fat excretion and, consequently, on fecalefatrgy excretion partially explains the
observed reduction in body weight during the 16&vegeriment.
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In addition to its effects on physiological paraerst RE significantly reduced the
cholesterol levels that were induced by the highdfat. However, these effects have not
been observed in other studies on rosemary or siracid (Harach et al., 2009;Ninomiya
et al., 2004). Dietary cholesterol absorption hasrbproposed to be associated with fat
digestion, wherein minimal triacylglycerol hydroiyds sufficient to increase cholesterol
transport significantly from lipid emulsions to éstinal cells (Young and Hui, 1999).
Consequently, the inhibition of pancreatic lipase bbeen hypothesized to constitute a
mechanism by which lipid malabsorption is triggeteaontrol triglyceride and cholesterol
levels (Sheng et al., 2006).

In the presenin vivo study, fasting glycemia declined in animals in HieD.RE group
compared with HFD mice. The current results confim antihyperglycemic properties of
rosemary that have been observed by other grougpsré® et al., 2008;Erenmemisoglu et
al., 1997). The glucoregulatory capacity of rosgmiarattributed to its ability to activate
PPARy, a nuclear receptor that regulates genes thatatdatty acid uptake and storage,
inflammation, and glucose homeostasis (Staels andthBrt, 2005). These results
corroborate previous findings regarding the capaoit carnosic acid and carnosol to
stimulate PPAR (Rau et al., 2006). Thus, this mechanism of actiimked to the
regulation of weight gain by RE, accounts for iiscgregulatory activity.

Consequently, the current findings confirm the pts of RE for use in preventive
strategies against metabolic disorders and enceufagher studies to be initiated.
Nutritional interventions are necessary to verifg physiological effects of RE in humans.

The other compound that was studied in this dotfmmegram, an aqueous extract of
ash tree seeds, is a traditional antidiabetic aiipattis consumed in Morocco as an infusion
(Eddouks and Maghrani, 2004;Maghrani et al., 208ddziks et al., 2005). Other groups
have reported that ash tree seed extracts redood blucose levels without significantly
affecting insulin levels in animals (Eddouks et, #005;Maghrani et al., 2004). Its
phlorizin-like effects in inhibiting renal glucogeabsorption is a potential mechanism of
the hypoglycemic activity of the ash tree seedamtt(Eddouks and Maghrani, 2004), but
no clinical evidence exists in this regard.

Several classes of compounds in ash tree seedcexieve been characterized,

including secoiridoid glucosides, coumarins, flavinls, phenylethanoids, benzoquinones,

121



indole derivatives, and simple phenolic compourissfova and lossifova, 2007;Egan et
al., 2004). Their bioactivities, however, have beén reported.

An adequate controlled industrial process was ailhjti developed to generate an
aqueous extract of ash tree seeds similar to ttiegeare traditionally used in Morocco
(Eddouks and Maghrani, 2004;Maghrani et al., 208ddtiks et al., 2005).

Several active compounds were identified by HPLC-&4h8 NMR and were assayid
vitro: (1) salidroside, a phenolic compound; and 9 secdit&lglycosides:2) oleoside-11-
methylester, ) nuzhenide,4) 1"'-O-3-D-glucosylformoside,R) excelside B, &) GI3, (7)
GI5, (8) excelside A, 9) ligstroside, and1(0) oleoside dimethyl ester. Excelsides A and B
are novel.

In in vitro assays, compounds-9 inhibited adipocyte differentiation in 3T3-L1 czll
Further, ash tree seed extract (at 1:10,000) andirgioids 3, 6—8, and 10 activated a
PPARu reporter cell system at T0M, comparable to IOM WY 14,643, a specific PPAR
agonist that has robust hypolipidemic effects (Chaual., 2002). PPAR pathways
regulate lipid homeostasis and inflammation (Klievet al., 1997;Kostadinova et al.,
2005;Szeles et al., 2007), rendering PlBARe primary target of fibrate drugs for the
treatment of hyperlipidemia, hyperglycemia, andsitygEvans et al., 2004).

These preliminary biological profiles suggest the inhibition of adipocyte
differentiation and PPA& mediated pathways is the mechanism to which thieliabetic
activity of ash tree seed extract is attributed anplicate the ash tree extract as having
antiobesity properties.

Thus, the subsequent objectives were to determivethgr ash tree seed extract limits
weight gain and hyperglycemia and to evaluatesitsty in a mouse model. To this end, the
effects of a low-fat diet (LFD), a high-fat diet fB), and a high-fat diet + 0.5% ash tree
seed extract (FED) on mice for 16 weeks were coatpar

Although HFD mice grew steadily throughout the studoubling in weight, the low-
calorie diet in the LFD group significantly lowergdins in weight after 3 weeks. Mice that
were supplemented with FE grew similarly to HFD naalis; at Week 9, FED animals
began to experience significant reductions in wieggin, like healthy LFD mice.

These results complement work by Maghrani and aglies (Maghrani et al., 2004),

who reported that the administration of ash treedsextract for 2 weeks (20 mg/kg)
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reduced body weight in streptozotocin-induced diabeats but not in normal animals.

Similarly, the HFD group experienced increasesdip@se tissue weight compared with
LFD animals over 16 weeks, while FED mice did naingas much fat, based on omental
fat, retroperitoneal fat, and liver weight. Consexly, the incidence of fatty livers trended
toward the lower levels that were observed in LFDrels. Thus, the decrease in fat levels
in FED animals correlates with the current obséowat that secoiridoid glucosides from

ash tree seed extract activate PRARNd inhibit preadipocyte differentiation. These
findings demonstrate that ash tree seed extraet,sgacifically to secoiridoid glucosides,

has antiobesity effectn vivo.

Moreover, although significant increases in fastilgod glucose and fasting plasma
insulin levels were observed after 16 weeks in elidSD animals compared with baseline
values, fasting blood glucose in the FED group dat differ significantly from the
beginning of the study, when the mice were stillltiey, despite their high-fat diet. Fasting
insulin levels in FED mice decreased significarttympared with those of LFD animals.
These observations demonstrate that ash tree sématehas antihyperglycemic activity
that is accompanied by improvements in insulin leva FED mice and precludes the
negative outcomes of obesity with regard to fastjgcose and insulin levels in HFD
animals (Jeffcoat, 2007). As a chief consequend®gwing consumed ash tree seed extract,
the mechanisms of fat accumulation in adipocyteSEDD animals are impaired and insulin
resistance is improved.

Current results also support the findings of anistabies by Eddouks and Maghrani
(2004) and Maghrani et al. (2004), who observed dlcate intravenous administration of
10 mg/kg/h ash tree seed for 4 hours reduced bifacbse levels in normal rats and in
streptozotozin-induced diabetic rats after chramal consumption of 20 mg extract/kg/day
for 14 days.

The results from thisn vivo trial indicate that 0.5% ash tree seed extracts dua
induce any side effects in mice, as monitored [adty by liver physiology and
biochemistry.

Additionally, a clinical intervention trial was dermed to test the hypothesis that ash
tree seed extract reduces postprandial glycemiahéalthy nondiabetic individuals

following glucose intake (50 g). In this doubleddj randomized, crossover, placebo
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(wheat bran)-controlled study in 16 healthy volense the underlying mechanisms of this
activity by measuring serum insulin concentratioas determined.

In this pilot clinical trial, ash tree seed extraetluced incremental postprandial plasma
glucose concentrations at 45 min and 120 min coetpavith placebo. It significantly
lowered the glycemic area under the blood glucaswec The seed also induced the
secretion of insulin 90 min after glucose admiwistm. However, the insulinemic area
under the blood insulin curve did not differ frohmat of placebo. No adverse events were
reported.

During the 90-min experiment, the incremental gihgae curve for the ash tree seed
extract formed 2 phases compared with placebo—bedad after the first 60 min of the
experiment. One explanation for the first phagbas ash tree seed extract partially inhibits
the absorption of glucose by blocking its uptakéhim intestine, likely through interactions
with the glycoside moieties of secoiridoids, simila what has been reported for glycoside
flavonoids (Johnston et al., 2005;Kottra and Darft€07;Kwon et al., 2007). The second
phase, accompanied by a significant increase inlimgproduction, suggests that active
compounds in ash tree seed extract are absorbed@ndn pancreatic islet beta-cells
(Zhang et al., 2006).

These findings suggest that ash tree seed extesctih acute insulinotropic effect in
humans after glucose challenge and therefore lizdiulin sensitivity. Moreover, because
the resulting total postprandial insulinemia does differ significantly compared with the
effects of the placebo, ash tree seed extract npgivent the development of insulin

resistance. No adverse events were observed dinergfudy.
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CONCLUSIONS

In this doctoral thesis, analytical and industi@bcesses were developed to obtain
botanical extracts from edible parts of rosemarg ash tree seeds that ameliorated the
pathologies of several metabolic disorders.

The results demonstrated that depending on theaueth extraction from a specific
botanical, the antioxidant properties of the fiealracts can vary significantly, as shown in
experiments on rosemary, in which the carnosic awittact had robust antioxidant
properties in ORAC and FRAP and better hydroplall lipophilic antioxidant balance.
Notably, rosmarinic acid had prooxidant activity latver doses in the LDL oxidation
assay. Because oxidized LDL is generated by hydiiogipophilic interface in an
oxidative reaction, the carnosic extract was mdiieagious.

In vivg the rosemary extract that was standardized tdasor20% carnosic acid
controlled weight gain without affecting food intakn mice that consumed a high-fat diet.
This effect was accompained by its capacity to leguepididymal fat, cholesterol, and
glycemia gains. Paralléh vitro studies demonstrated that the ability of the extta
inhibit pancreatic lipase and activate PRAd&Rcounted for than vivo observations.

Therefore, this evidence confirms the potentialrofemary extract that has been
standardized to 20% carnosic acid for use in pravenstrategies against metabolic
disorders. Further studies are necessary to confienphysiological effects of this extract
in humans.

Regarding the ash tree seed extract, this res@aogfiam developed a novel industrial
process to generate this traditional antidiabetipptement. Also, its chief active
compounds were identified by HPLC-MS and NMR andagedin vitro—a phenolic
compound and several secoiridoid glycosides. Thapomnds Excelsides A and B are
novel. Many of the agents inhibited adipocyte d#fgiation and activated PPAR
mediated pathwaym vitro. These preliminary biological profiles explain taetidiabetic
activity of ash tree seed extract in animals argysat that it has antiobesity properties.

It was also determined whether ash tree seed extmaits weight gain and
hyperglycemia in mice and evaluated its safety imause model. The results confirmed

the capacity of ash tree seed extract to contrdl/lveeight and support existing evidence
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of its antihyperglycemic effects and ability to iroge insulin resistance. Moreoven
Vvivo, ash tree seed extract does not induce any sideteéis monitored by liver physiology
and biochemistry.

The antihyperglycemic acute effects of ash treel sedracts were confirmed in the
randomized, controlled, pilot clinical interventidrnial. The results suggest that active
compounds from ash tree seed extract are absanbeahians, effecting the production of
insulin, likely through direct action on pancreattet cells.

The results of this research program encourage-temmy clinical studies to be
conducted to further evaluate the efficacy andtgaferosemary that has been standardized

for carnosic acid content and ash tree seed egttlaat contain glycoside secoiridoids.
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ABSTRACT  The overproduction of free radicals and oxygen reactive species is suspected to be implicated in a wide range
:an have pernicious ¢ in the devel of a variety of human diseases. Botanical
extracts are sources of antic s lh.ll counteract both free radicals .md oxygen rea species. The processing conditions
used in the botanical extraction may influence the antioxidz i h different extracts from the same plant
may have different antioxidant properties. To illustrate this fact, \\c conducted a study using three comme rosemary

(Rosmarinus officinalis L.) leaf extracts. The three extracts were standardized to contain, respectively, 20% carnosi

of metabolic reactions that

ursolic acid. or 20% rosmarinic . They were evaluated for their total (hydrophilic + lipophilic) antiox|
oxygen radical absorbance capacity (ORAC), their ferric reducing/antioxidant power (FRAP), and their capacity to inhibit
Cu*'-induced low-density lipoprotein (LDL) oxidation ex vivo. The ursolic acid extract showed the lowest antioxidant

capacity on all models. The rosmarinic acid extract had an antioxidant capacity 1.5 times higher on ORAC and four times
higher on FRAP than the carnosic acid extract. However, the carnosic acid extract was better than the rosmarinic acid extract
in inhibiting the oxidation of LDL ex vivo. These results encourage conducting further studies to evaluate the carnosic acid

and rosmarinic acid extracts in vivo. Our study offers an example of the importance of the extraction procedures, on w
fosia sition. and highligh

depends the nature of the

the evaluation of the antioxidant pmpcrlic\ of botanical extracts.

KEY WORDS: « antioxidant capacity * carnosic acid * ferric reduci

h
interest to proceed with in vitro/ex vivo assay selection for

power * low-density lipop

oxidation * oxygen radical absorbance capacity * rosemary * rosmarinic acid

INTRODUCTION

T HE OVERPRODUCTION OF free radicals and reactive
oxygen species in living organisms can damage cellular
lipids, proteins, or DNA: lhl.s process contributes to loss of
functionality, which has been described as being related to
the development of a wide range of human discases, in-
cluding cancer, cardiovascular discase, atherosclerosis,
hypertension, ischemia/reperfusion injury, diabetes melli-
tus, neurodegenerative diseases (Alzheimer’s dlscdsc dnd
Parkinson’s disease), rheumatoid arthritis, and agmg “ 1
has been pc d that suppl ion with phytochem-
icals such as polyphenols, including flavonoids, may offer
some protection against these complications through their
roles as free radical scavengers and antioxidant compounds,
therefore reducing the negative effect of oxidative stress and
free radicals.®
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Botanical extracts are well-recognized sources of anti-
oxidant molecules. They are commonly used in functional
foods and as dictary supplements, and contribute to the
composition of several drugs.® However, botanical extracts
are not always well accepted because of issues concerning
active compound identification, standardization, and quality
control.” In our study, we used rosemary extracts obtained
through industrial processes. Various technologies are in-
volved to produce botanical extracts at industrial levels: the
most important include solvent extraction and column pu-
rification.” It is noteworthy that the physical-chemical
properties of the solvent, the extraction conditions, and the
nature of resins in columns influence the nature of the ex-
tracted molecules with consequences on the nutritional
profile and, overall, on the physiological protective effi-
ciency of the final extract.*” Therefore, different extracts
from the same botanical origin may have different stan-
dardization rates and composition, providing different anti-
oxidant properties,” which may lcad to ambiguous efficacy
data when s(udicd in clinical trials.” Based on these consid-
erations, it is of great interest to develop well-characterized
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inflammatory and anti-hyperglycaemic effects; and promote weight loss, which can be exploited to develop new preventive strategies against metabolic
disorders. Therefore, our aim was to evaluate the preventive effects of rosemary leaf extract that was standardized to 20% camosic acid (RE) on weight
gain, glucose levels, and lipid homeostasis in mice that had begun a high-fat diet as juveniles. Animals were given a low-fat diet, a high-fat diet, or a high-
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Two new secoiridoid glucosides, excelsides A (1) and B (2), were isolated from the seeds of Fraxinus excelsior. Their
structures were elucidated as (25.45.3E)-methyl 3-ethylidene-4-(2-methoxy-2-oxoethyl)-2-[(6-O-f3-D-glucopyranosyl-
f-p-glucopyranosyl)oxy]-3.4-dihydro-2H-pyran-5-carboxylate and (25.45,3E)-methyl 3-ethylidene-4-{2-[2-(4-hydroxy-
phenylethyl]oxy-2-oxoethyl }-2-[(6-O-f-D-glucopyranosyl-f-p-glucopyranosyl)oxy]-3.4-dihydro-2H-pyran-5-
carboxylate, respectively, on the basis of NMR and MS data. Eight known compounds were identified as nuzhenide (3),
GI3 (4), GI5 (5), ligstroside (6), oleoside 11-methyl ester (7), oleoside dimethyl ester (8), 1”7-0-f3-p-glucosylformoside
(9). and salidroside (10). Compounds 1—9 inhibited adipocyte differentiation in 3T3-L1 cells. Dilutions of the aqueous
extract of F. excelsior (1:10 000) as well as compounds 2, 3, 4, 5, and 8 activated the peroxisome proliferator-mediated
receptor-a. (PPAR@) reporter cell system in the range of 10 M., compared to 10~7=107% M for the synthetic PPARa
activiator, WY 14,643. Both biological activity profiles support the hypothesis that inhibition of adipocyte differentiation
and PPARa-mediated mechanisms might be relevant pathways for the antidiabetic activity of F. excelsior extract.

The plant Fraxinus excelsior L. (Oleaceae) is known as “common
ash” or “European ash” in temperate Asia and Europe." The plant is
also widely distri I the of Morocco (Tafilalet),

locally known as “Liss:

phytotherapy has been well developed. s seed
extract of F. excelsior (FE) has been shown to be highly potent in the
reduction of blood glucose levels without significantly affecting insulin
levels."* The phlorizin-like effect of inhibiting renal glucose reab-
sorption is a potential mechanism for the hypoglycemic effect of FE.®
Previous investigations on the chemical composition of FE led to the
characterization of several compound classes including secoiridoid
glucosides, coumarins, flavonoids, phenylethanoids. benzoquinones,
indole derivatives, and simple phenolic compounds.””” However,
bioactivity studies have not been reported.

During prescreening, FE was found to activate PPARa and mildly

ibited adipocyte diffc iation in 3T3-L1 preadipocytes. PPARa-
or PPARy-mediated pathways have been associated with protection
against diabetes.'™"* Various synthetic PPARa/y-selective agents
have been reported to have potent antidiabetic activity.'*'* The focus
of this study was to isolate and characterize the potential active
principle(s) of FE and evaluate their biological activity in adipocyte
(3T3-L1 cells) differentiation and PPARa reporter assays. Sequential
« ion of normal, sed-phase, and gel column
chromatography led to the isolation of nine secoiridoids including the
new excelsides A (1) and B (2), the known nuzhenide (3),'* GI3 (4),'®
GI5 (5),*' ligstroside (6).'” oleoside-11-methyl ester (7),'" oleoside
dimethyl ester (8),'” and 1”7-O--D-glucopyranosylformoside (9),” and
the phenylethanoid salidroside (10).>'*? Herein, we report the structures
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of 1 and 2, the inhibitory effects of the iridoids 1—9 on adipocyte
differentiation in 3T3-L1 cells, and the activation of PPARa by 2,
3-5, and 8, as potential mechanisms underlying the reported antidia-
betic activity of FE.

RO,

o 1

OH
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1 5

1: R = CHj3, Ry = AD-glucopyranosy!

R4 = #-D-glucopyranosyl

Results and Discussion

Excelside A (1) was obtained as an amorphous powder. Its
molecular formula, Cy;H3s06, Was established on the basis of its
HRFABMS (m/z 603.1890 [M + Na]*, caled for CHuOj6Na,
603.1901) and was supported by NMR data. The IR spectrum of 1
showed hydroxy absorption at 3401 and carbonyl absorptions at 1734
and 1717 em™". The 'H and *C NMR data indicated that 1 was an
oleoside-type secoiridoid glucoside based on proton signals at 0 7.51
(s. H-3),5.94 (s, H-1), 6.09 (4, / = 7.2 Hz, H-8), 1.72 (d, / = 7.2 Hz,
H;-10). and 4.80 (d. J = 7.6 Hz, H-1"), as well as the corresponding
13C NMR signals at Oc 155.2 (C-3), 94.8 (C-1), 124.7 (C-8), 13.6 (C-
10), and 100.6 (C-1"). The 'H NMR signals at ¢ 3.62 and 3.70 and
corresponding "*C NMR (gHMQC) resonances at d¢ 51.9 and 52.3
were ascribed to two methoxy groups. The two methoxy groups
showed correlations with C-7 (0¢ 173.7) and C-11 (d¢ 168.7) in the
gHMBC spectrum, respectively, indicating that 1 possesses a 7,11-
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Fraxinus excelsior seed extract FraxiPure™ limits weight gains and hyperglycemia
in high-fat diet-induced obese mice
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ARTICLE INFO ABSTRACT
Keywords: Purpose: The aim of this study was to determine whether a Fraxinus excelsior L. seed extract, FraxiPure™
Fraxinus excelsior (0.5% in the diet), limits weight gain and hyperglycemia in mice. In a previous report, we identified
Secoiridoids several secoiridoids in FraxiPure™, some of which activated peroxisome proliferator-activated recep-
mkﬁm ht tor alpha (PPAR«) in vitro and inhibited the di of 3T3-L1 p ipocyte cells. In a separate
Blooyd glugcose study, FraxiPure™ reduced ia in healthy ing an oral glucose tolerance test.
Insulin These findings suggest that FraxiPure™ has antiobesity and antih ia effects.
Materials and methods: FraxiPure™ was tested in mice that were fed a high-fat diet over 16 weeks and
compared with low-fat and high-fat diet controls. Weight gain, omental and retroperitoneal fat, fasting
blood glucose, and fasting blood insulin were measured.
Results: FraxiPure™ reduced gains in body weight by 32.30% (p<0.05). omental fat by 17.92%. and
retroperitoneal fat by 17.78%. FraxiPure™ also lowered fasting blood glucose levels by 76.52% (p<0.001)
and plasma insulin levels by 53.43% (p <0.05) after 16 weeks. Moreover, FraxiPure™ lowered liver weight
gains by 63.62% (p<0.05) and the incidence of fatty livers by 66.67%.
Conclusions: Our novel results demonstrate the antiobesity effects of chronic administration of an F.
excelsior seed extract and confirmits ability to regulate glycemia and insulinemia. In addition, this extract,
which is rich in secoiridoid glucosides, protects against obesity-related liver steatosis.
© 2010 Elsevier GmbH. All rights reserved.
Introduction streptozotocin-induced diabetic rats (Eddouks and Maghrani 2004;

The common ash (Fraxinus excelsior L., Oleaceae) is a tree that
grows naturally in temperate regions across Europe and Asia (Plitira
and Heuertz 2003; Eddouks et al. 2005) and exists throughout
southeastern Morocco (Eddouks et al. 2002). Several reports have
demonstrated that ash seeds have been used traditionally as food
and condiments (Hedrick 1919; Kunkel 1984; Sinclair 1998; Vergne
2001; Boisver 2003; Eddouks and Maghrani 2004; Maghrani et al.
2004; Eddouks et al. 2005) and administered to improve several
health conditions (Parsa 1959; Eddouks and Maghrani 2004).

In Europe, there is evidence that these seeds have been col-
lected since the Middle Ages (Vermeeren and Gumbert 2008).
The aqueous seed extract of the ash tree is recognized as
an effective hypoglycemic and antidiabetic agent by traditional
healers in Morocco (Eddouks et al. 2005). Moreover, ash seed
extract has hypoglycemic and antidiabetic effects in normal and

* Corresponding author. Tel.: +1 201 440 5000x145; fax: +1 201 342 8000.
E-mail address: a.ibarra@naturex.us (A. Ibarra).

0944-7113/$ - see front matter © 2010 Elsevier GmbH. All rights reserved.
doi:10.1016/j.phymed.2010.09.010

Maghrani et al. 2004).

In a previous study, we developed a well-standardized extract
of F. excelsior seeds (FraxiPure™, Naturex Inc.) (Visen et al. 2009),
in which a glucose screen (50g) was used to assess the effects of
FraxiPure™ on plasma glucose and insulin levels. The interven-
tion was double-blinded, randomized, crossover design that tested
FraxiPure™ (1.0g) versus matching placebo (1.0g of wheat bran)
in 16 healthy volunteers. FraxiPure™ significantly reduced the
glycemic area under the curve (Visen et al. 2009).

Inaseparate study, we identified (1) salidroside,a phenoliccom-
pound, and 9 secoiridoid glucosides in FraxiPure™: (2) oleoside-
11-methylester, (3) nuzhenide, (4) 1"’-0-B-p-glucosylformoside,
(5) excelside B, (6) GI3, (7) GIS, (8) excelside A, (9) ligstroside, and
(10) oleoside dimethyl ester (Bai et al. 2010). In an in vitro study,
we d ated that compounds 2-9 inhibited adipocyte differ-
entiation in 3T3-L1 cells (Bai et al. 2010). Further, FraxiPure™ (at
1:10,000) and secoiridoids 3, 6-8, and 10 activated a peroxisome
proliferator-activated receptor alpha (PPAR«) reporter cell system
in the range of 10~4 M, comparable with 10-8 M WY 14,643, a spe-
cific PPAR« agonist that has robust hypolipidemic effects (Chou et
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ARTICLE INFO ABSTRACT

Article history: Aim of the study: Fraxinus excelsior L. (Family: Oleaceae) seeds are consumed as a food, condiment, and folk
Received 7 August 2008 medicine. The seeds are traditionally used as a potent hypoglycemic agent, but no clinical evidence exists
Received in revised form 7 August 2009 in as to this regard. We assessed the clinical efficacy and safety of the seed extract (FraxiPure™, Naturex),
Accepted 25 August 2009

Available online 31 August 2009
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containing 6.8% of nuzhenide and 5.8% of GI3 (w/w), on plasma glucose and insulin levels against glucose
(50g) induced postprandial glycemia.

Materials and methods: Preselected dose (1.0 g) was used in a double blind, randomized, crossover, placebo
(wheat bran) controlled study on 16 healthy volunteers. Each treatment was given immediately after a
fasting blood glucose sample (0 min). Postprandial plasma glucose levels were estimated at 0, 15, 30, 45,
60, 90 and 120 min; and postprandial plasma insulin at 0, 30, 60, 90 and 120 min.

Results: The extract lowered the incremental postprandial plasma glucose concentration as compared
to placebo at 45 min (P=0.06) and 120 min (P=0.07). It statistically (P=0.02) reduced the glycemic area
under the blood glucose curve. The seed, also, induced a significant (P=0.002) secretion of insulin at
90 min after glucose inistration. However, the insuli ic area under the blood insulin curve was
not different than the placebo. No adverse events were reported.
Qur findings confirm the hypoglycemic act excelsior L. seed extract. These
ng results, thus, encourage conducting long-term cli to further evaluate the efficacy
and safety of Fraxinus excelsior L. seed extract in healthy and diabetic volunteers and also to explore the
possible mechanism(s) of action.

excelsior L. seed extract. These

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Plant derivatives with purported hypoglycemic properties have
been used in folk medicine and traditional healing systems around
the world (e.g., Native American, Indian, Jewish, Chinese, East
Indian, Mexican) (Ungar, 1957; Yeh et al., 2003). But on the other
hand, as indicated by Marles and Farnsworth (1995), not all of the
plants, based on anecdotal use, reported to be entirely safe, and
they emphasize the need for carefully planned scientific research
to identify those hypoglycemic plants with true therapeutic effi-
cacy and safety. To provide evidence-based herbal medicine, we
must standardize suitable clinical models and utilize randomized
controlled trials (RCTs) to determine what herbs are efficacious

* Corresponding author. Tel.: +1 416 992 7477; fax: +1 416 864 5538.
E-mail address: p.visen@utoronto.ca (P. Visen).

0378-8741/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2009.08.039

for what diseases and standardized them according to their health
use.

In this pursuit, the present study, utilizing our well-
standardized acute clinical model, was undertaken with the
common ash, Fraxinus excelsior L. (Family: Oleaceae). It grows nat-
urally in Europe, North Africa, and Asia from the shores of the
Atlantic Ocean in the West to the Volga River in the East (Plitira and
Heuertz, 2003; Eddouks et al., 2005). Several reports reveal that
the seeds of Fraxinus excelsior L. have been traditionally used as
food, condiment, and folk medicine (Hedrick, 1919; Kunkel, 1984;
Boisvert, 2003). The ash tree is known in Morocco as “Lissan Ettir”,
and its seeds as “L'ssane I'ousfour”, one of the ingredients of the
condiment “Ras el Hanout” used to prepare the famous tagines and
other typical Moroccan plates (Sinclair, 1998; Vergne, 2001; Allen,
2007). In The Netherlands, there is evidence of the use of ash seeds
since the medieval 16th century (Vermeeren and Gumbert, 2008).
In Iran, the ash seeds are employed as carminative and to destroy
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