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Abstract: Origanum glandulosunbesf is an endemic flavoring herb widely distrigaitin North Africa that is
commonly used in traditional medicine. This oregapecies is rich in essential oils but little iolum about its
phenolic composition. In the present study, a crexteact ofO. glandulosunwas prepared in order to isolate
and investigate its neuroprotective potential tbibit B-amyloid peptide (f) aggregation. The three major
compounds of the extract were isolated: rosmagnid and two cyclolignans i@riganumgenus, globoidnan A
and a new derivative named globoidnan B. Rosmaratdil and globoidnan A showed significant anti-
aggregative activity againftamyloid aggregation (l§ 7.0 and 12.0 uM, respectively). In contrast, gldhan

B was found to be less active.

Keywords: Origanum glandulosumoregano; cyclolignansp-Amyloid aggregation; NMR. ©2014 ACG
Publications. All rights reserved.

1. Introduction

Origanumgenus is widely distributed throughout the Medaaean region and numerous
species, subspecies and hybrids have been desddk#ld Belonging to theOriganum genus,
O. glandulosunDesf is an endemic widely distributed taxon in tHoAfrica (Algeria and Tunisia)
that is commonly used as a spice as well as intivadl medicine.O. glandulosunDesf is rich in
essential oils, but little is known about its phiém@omposition. To our best knowledge, phenolic
constituents ofO. glandulosurrextract have not been previously investigated byleno analytical
methods.

The genusOriganum is rich in essential oils and polyphenols that ehaantimicrobial,
antioxidant and other bioactive properties [3-5v&al studies indicate that polyphenols present in
high amounts in natural products could play a pmave role in the incidence of age-related
neurological disorders. These findings have begpated by epidemiological studies [6,7] and
confirmed byin vitro andin vivo studies [8,9]. With regard to Alzheimer’s dise§a®), Hamaguchi
et al. have shown that rosmarinic acid inhibfisamyloid peptide (f) aggregationin vitro and
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in vivo [10]. Rosmarinic acid derivatives, which are plaetondary metabolites belonging to the class
of hydroxycinnamic acid esters, are prominent dtrestts of theOriganumspecies [4,5,11]. Thus
oregano extracts could be of therapeutic value [n pkevention. AD is the most common type of
senile dementia and is characterized by the abwedahextracellular deposition offABecause A
aggregation promotes pro-inflammatory responses attivates neurotoxic pathways leading to
dysfunction and death of brain cells [12], manyeegshers favor therapeutic approaches that target
formation, deposition and clearance df #brils [10,13-18].

The present study was undertaken to (i) identiiy quantify the major phenolic constituents of
0. glandulosunextract by high-performance liquid chromatografHi?LC), mass spectrometry (MS)
and NMR analysis; (ii) evaluate in vitro activity the extract on A aggregation in AD prevention;
(iif) evaluate the inhibitory potential of the purempounds againstpAfibril formation.

2. Materials and Methods

2.1. Reagents and standards

The AB (25-35) (A3.535 peptide sequence corresponding to residues ofidhean wild type
sequence was purchased from Bachem California doe;, CA). Except for petroleum ether, which
was of synthesis grade, all organic solvents usek wf HPLC grade. Methanol and ethanol were
purchased from Carlo Erba (Val de Reuil, Franceetanitrile, ethyl acetate and petroleum ether
were purchased from Scharlau Chemie (Sentmenain)Sg@urcumin (Cur) and trifluoroacetic acid
(TFA) were purchased from Sigma—Aldrich (St. LoWK), USA). Water was purified using the Elga
(Bucks, UK) water purification system with a resigy of no less than 18 K/cm. NMR experiments
were performed in deuterated acetop@urchased from Euriso-top (Gif-sur-Yvette, France)

2.2 Plant materiel

The material consisted of the aerial part of AlgerOriganum glandulosumSamples were
collected from Boukhlifa in the city of Bejaia (tlbreastern Algeria), when the plant is highly preése
Botanical identification was made on a herbariurecgpen by the Botany Laboratory of Bejaia
University (Bejaia, Algeria). The samples were wkiked in the shade and away from moisture, then
ground into powder for analysis.

2.3 Extraction of plant samples

A portion of the finely powdered material fro@riganum glandulosun{100 g) was first
extracted three times with 70% methanol (MeOH, 2wing a 24-h period at ambient pressure and
temperature. After removal of MeOH under reducesbpure at 35°C, the aqueous phase was defatted
with petroleum ether (0.8 L) and then extractedhwithyl acetate (EtOAc). Extraction was carried out
until a colorless extract was obtained. The EtOdlatsons were concentrated and lyophilized.

2.4 Instrumentation

The lyophilized extract was dissolved in 50% mettamand chromatographed using
HPLC-DAD. The chromatography apparatus, an Agil&B00 from Agilent Technologies (Santa
Clara, CA, USA), was equipped with a degassernarlipump, an autosampler module, a column
heater/selector and a UV-visible-DAD detector frita same provider. Th@riganumextract was
passed through a 0.45 um Millipore membrane beforematographic separation at 23°C with a 250
x 4 mm i.d., 5 um, Prontosil 120-5-C18-AQ reverbage column, Bischoff (Leonberg, Germany).
Water 0.1% TFA (solvent A) and acetonitrile 0.1%AT{Solvent B) were used as mobile phases. The
gradient elution program was as follows (v/v): riD% B, 5 mn 10% B, 10 mn 15% B, 60 mn 22%
B, 62 mn 100% B linear for 10 min, followed by 1Ginmfor re-equilibration. The detection
wavelengths were set at 260 and 320 nm. This HP&€ apupled to an Esquire 3000+ ion trap mass
spectrometer using an ESI source from Bruker Daiso(Billerica, MA, USA). The HPLC output
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flow was split with a passive splitter with an aage 1:100 ratio depending on the flow solvent,
viscosity and rate. Nitrogen drying gas was sé.@tL/min and 350°C, nebulizer pressure was set at
27 psi. ESI-MS parameters (positive mode): HV ¢apil— 4100 V, end plate offset — 500 V,
capillary exit 134.3 V, skimmer 40 V, trap drive.839scan 25000 pus, rolling average 2 and trap
averages 5.

Final purification was performed by semi-prepamtiPLC (Varian, model ProStar 210 coupled
with a diode array detector ProStar 335) with aidfamMicrosorb 100 C18 Dynamax reverse-phase
column (250 x 21.4 mm, 5 um particle size) at raemperature. The flow rate was 15 mL/min. The
solvent system and the gradient program used weresame as previously described. The eluted
compounds were manually collected according to/ibigalization of the UV profile.

NMR spectra were recorded on a Bruker Avance 60 Idptctrometer (600 MHz fdH and
151 MHz for*®C experiments) at 300 K in the acetahaleuterated solvent. Spectra were referenced
to the signal of acetorgy-atoy 2.06 andic 29.9 ppm.

Accurate masses were measured on a microTOF-Q m@astrometer (Bruker, Bremen,
Germany). Sample solutions were infused at 3pL/fBlactrospray ionization in negative mode was
used. Each spectrum was calibrated with a 10 mMulit formiate solution using enhanced cubic
calibration model of microTOF control software (Bet).

2.5 Measurement of inhibitory activity by UV-visiBbectroscopy

ABas_3s peptide stock solution of 1 mM was prepared bwlsibzing the Ilyophilized AB,s 35
peptide in sterile water at 4°C, then by sonicafmml min. The peptide stock solution was aliqdote
and stored at — 20°C. All steps were carried odf@&tto prevent A polymerization.

The detailed method for measuring the inhibitoryivity on AR aggregation was given in a
previous report [19]. Briefly, UV—-visible measurem® were used to search for inhibitors ¢ #bril
formation. Stock solutions of s.35 at 1 mM were prepared by solubilizing the lyoptali A3 by
vortexing briefly in sterile water at 4°C, then $gnicating for 10 min. Extract and pure polyphenols
were solubilized in MeOH solution to a concentrata 1 mg/mL. Stock solutions were aliquoted and
stored at — 20°C. UV-visible spectrometry was pental on a Cary 300 spectrophotometer (Varian,
USA). To study A fibril inhibition, experiments were carried out lmsing a reaction mixture
containing 80 pL phosphate buffer (10 mM final cemtcation), 10 pL Bzs.3s (100 pM final
concentration) and 10 pL tested compound, pH 7.2.

3. Results and Discussion
3.1. Structure elucidation

To assess whether the extracts contained a largwaruof different compounds, and in an
attempt to identify these compounds, HPLC analygs carried out with the EtOAc extract of
O. glandulosuntFig. 1). The analytical chromatogram of the esttyzresented three major peaks. The
phenolic compounds corresponding to these peaks iselated and their structures were elucidated
by 1D- and 2D-NMR and MS data.
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Figure 1. HPLC chromatogram dd. glandulosunextract.

Globoidnan B {), peak ¢ = 15.1 min, 208 mg/100g fresh weight (FW), wasaot#d as a brown,
amorphous powder, UV(MeOH)qax (log €) 236 (3.23), 370 (4.26) nm (Fig. 2). The molecular
formula G;H,,0., was deduced from a quasi-molecular ion peak irEBeHRMS mass spectrum at
m/z 537.1033 [M-H] (required 537.1038 for £H,,0,,). The *H- and**C-NMR data (Table 1) are
consistent with a highly aromatized molecule, a&'i8-NMR chemical shifts suggested that 21 of the
27 carbons were aromatic. COSY and HMBC correlatim®entified resonances consistent with a
1,2,3-trisubstituted dihydronaphtalene-6,7-diol etwpi@®c: 148.3, 144.7, 138.7, 131.5, 124.4, 122.6,
116.8, 116.7, 47.6, 45.9 ppiy: 7.61, 6.95, 6.67, 4.49, 3.92 ppm) as well asliayisded 3,4-catechol
(0c: 145.3, 144.5, 128.6, 121.6, 117.2, 115.7, 74104 Hpm;dy: 6.82, 6.73, 6.64, 5.15, 3.07, 3.05
ppm) and a mono-substituted 3,4-catecbel 145.3, 145.0, 136.0, 119.3, 115.7, 115.2 ppn6.68,
6.50, 6.45 ppm). These data, along with the obsiervaf three carbonyl 13C resonancés (L73.2,
170.0, 166.5 ppm) consistent with the presencestefr @nd carboxylic acid parts, accounted for fall o
the available double bond equivalent.

Further analysis of the HMBC spectrum revealed sdwdiagnostic correlations (Fig. 2). The
HMBC correlations H-2/C-1 and H-8/C-1 as well as H-2/C“lestablished that the mono-substituted
3,4-catechol was attached at the C-1 position ef12,3-trisubstituted dihydronaphtalene-6,7-diol.
The HMBC correlations H-2/C-9 and H-4/C-9 placed ester carbonyl at C-3 of the 1,2,3-
trisubstituted dihydronaphtalene-6,7-diol. The HMBGrrelation H-1/C-10 was consistent with a
carboxylic acid at the C-2 position, and hence bdistaed the substitution pattern of the 1,2,3-
trisubstituted dihydronaphtalene-6,7-diol moietyshewn.

The point of attachment for the 3-(3,4-dihydroxypyi® lactic acid moiety to the 1,2,3-
trisubstituted dihydronaphtalene-6,7-diol at C-3swdetermined through the observed HMBC
correlation H-8C-9 and confirmed by the NMR chemical shift data €-8 (dc: 74.0 ppm;d4: 5.15
ppm), which was consistent with an ester methin@lly, the remaining carboxylic acid functionality
have to be attached at position Ca8 indicated by the HMBC correlation HG-9, leading to the
proposed structure.

The relative stereochemistry of compouhdvas determined by ROESY experiments and by
coupling constant analysis. The relationship betwidel and H-2 idrans on the basis of the small
Jvalue (2.1 Hz) between these two protons [20,Zhjs relationship was confirmed by the NOE
correlations between H-2/H:2and H-2/H-8. The stereochemistry of C-8vas deduced from
comparison with literature [20,21].This compous novel ester composed of (3,4-dihydroxyphenyl)
lactic acid and 1-(3,4-dihydroxyphenyl)-6,7-dihyryel,2-dihydronaphthalene-2,3-dicarboxylic acid,
named globoidnan B. Interestingly, this is thetfieport of this type of cyclolignan fro@riganum
genus.
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Figure 2. Selective HMBC correlations of Globoidnan B.(

Rosmarinic acid (RA)Q), peak t = 24.4 min, 188 mg/100g fresh weight (FW), wasaol#d as a
white amorphous powder, UV(MeOR)..« (log €) 290 (3.32), 328 (3.42) nm (Fig. 3). The molecular
formula GgH1605 was deduced from a quasi-molecular ion peak irEEBEHRMS mass spectrum at
m/z 359.0768 [M-H] (required 359.0772 for gH:s0g). Rosmarinic acid was identified by its
observed MS, HRMSH- and**C-NMR data (Table 1) and by comparison with theréiture [21,22].

OH
Figure 3. Structure of Globoidnan B), Rosmarinic acidq) and Globoidnan A3J).

Globoidnan A 8), tz = 48.5 min, 120 mg/100g FW, was obtained as a bramworphous powder,
UV(MeOH) Anax (log €) 221 (4.12), 358 (3.56) nm. The molecular formGlaH».010 was deduced
from a quasi-molecular ion peak in the ESI-HRMS sngigectrum amn/z491.0983 [M—H] (required
491.0984 for GsH14010). The'H- and**C-NMR data are summarized in Table 1. The NMR datee
found to be very similar to Globoidnan B, except fbe naphthalene moiety. COSY and HMBC
correlations identified resonances consistent with 3-disubstituted naphthalene -6,7-diol moiégy (
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149.3, 145.5, 139.5, 131.1, 128.9, 127.0, 124.8,99.2112.1, 108.9 ppndy: 8.33, 7.70, 7.45, 7.36
ppm) as well as a mono-substituted 3,4-catechobadw3-4-dihydroxyphenyl) lactic acid moiety.
HMBC correlations H-2/C-1 and H-8/C-1 as well as H-2/CYl established that the
monosubstituted 3,4-catechol was attached at thep@sition, and the HMBC correlations H-2/C-9
and H-4/C-9 placed an ester carbonyl at C-3 ofltBedisubstituted naphthalene -6,7-diol. Finalhe t
HMBC correlation H-8C-9 indicated the attachment point between thedis@bstituted naphthalene-
6,7-diol and the 3-(3-4-dihydroxyphenyl) lactic danoieties, leading to the proposed structure of
globoidnan A. While this cyclolignan has been previously repdrin Eucalyptus globoidef23], this
is the first report in th@©riganumgenus to our knowledge.

Table 1.'"H- and**C-NMR data of Globoidnan Bl}, Rosmarinic acid2) and Globoidnan AJ).

C 1, 6(: 1, 6H, J(HZ) 2, 6(: 2, 6H, J(HZ) 3, 6(: 3, 6H, J(HZ)
1 459 449 (2.1) 1266 - 1395 -

> 476 3.92(2.1) 1141 7.18(2.1) 1239 7.70(L.8)
3 1226 - 1453 - 127.0 -

4 1387 7.6k 1478 - 128.9 8.3d(L.8)
4a 1244 - 1249 -

5 116.7 6.9% 115.1 6.861(8.1) 112.1 7.458

6 1483 - 1218 7.08d(2.1,81) 1493 -

7 144.7 - 145.8 7.56(16.0) 1455 -

8 116.8 6.65 1139 6.3 (16.0) 1089 7.36

8a 1315 - 131.1 -

9 166.5 - 165.6 - 166.6 -

10 173.2 -

1 1286 - 128.1 - 1289 -

> 1172 6.821(2.0) 116.3  6.88 (2.1) 1172 6.94(2.0)
3 1453 - 1446 - 1455 -

4 1445 - 143.7 - 1446 -

5 1157 6.731(8.1) 1149 6.78(8.1) 1158 6.79 (8.1)

6 1216 6.641d(2.0,8.1) 120.6 6.6dd(2.1,8.1) 121.6 6.76d(2.0, 8.1)
7 374 3.05d(7.2,14.4) 367 3.08d(85,14.4) 37.5  3.1dd(8.5, 14.4)

3.07dd (5.2, 14.4) 3.131d (4.3, 14.4) 3.24d (4.3, 14.4)
8 740 51%d(5.3,7.2) 73.0 5.28d(4.3,85 739 5.38d(4.3, 85)
9 1700 - 170.3 - 171.2 -

1" 136.0 - 133.0 -

2" 1152 6.50 (2.2) 117.6  6.931(2.1)

3" 1453 - 1454 -

4" 1450 - 1454 -

5 115.7 6.68l(8.1) 116.0 7.0d (8.0)

6" 119.3 6.45d(2.2, 8.1) 128.9 6.8ad(2.1, 8.0)

3.2. Neuroprotective activity of O. glandulosunrast

Given the central importance of3faggregation in the pathogenesis of AD, particitarest is
currently being shown in research aimed at therapeevelopments that target amyloid production,
aggregation, clearance and toxicity. Reports tleatidbe the effects of polyphenols on Alzheimer's
AP aggregationin vitro are already available. Using a routimevitro assay based on UV-visible
measurements and electron microscopy, we receglgrred that resveratrol derivatives inhibit the
aggregation of the peptide [19]. For this assayused the f,5.35 peptide fragment that preserves the
properties of neurotoxicity and aggregation of éméire peptide [24]. Using this method, the adfivit
of the EtOAc extract oDriganum glandulosurwas examined. Th®. glandulosuniEtOAc was tested
at concentrations between 0.01 tud@mL. The extract reduced PAfibril formation in a dose-
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dependent manner (Fig. 4). The inhibitory propsréémajor phenolic constituents were evaluated to
evaluate their influence in the anti-aggregativeperties of the global extract.
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Figure 4. Effect of ethyl acetate (EtOAc) extract@figanum glandulosuron AB,s_ssfibril inhibition. Reaction
mixtures containing 100 uM s 35 10 mM phosphate buffer, pH 7.2, and various cotraéions of EtOAc
extract were incubated at 15°C for 5 h. Means3df three independent experiments are shown.

3.3. Neuroprotective activity of major compounds

To evaluate the effect of the major phenolic conmutsuof the extract, a primary evaluation of the
inhibition percentage of @fibril formation was performed at a concentratedrilO pM. Its inhibitory
effect was compared to that of curcumin as a stanf@b]. The compounds exhibiting an inhibitory
activity at least equal to that of curcumin wereHlar analyzed to determine theirsjGalues. The
inhibition percentages and thes}@alues are summarized in Table 2.

Table 2Inhibition of AB,s_ssfibrils formation.

Compound Inhibition (%) ICsc (UM)
Curcumin 43+ 3 10+ 2
Globoidnan A 40+ 4 12+ 2
Globoidnan B 203 -
Rosmarinic acid 53+ 4 72

Globoidnan A (IGy 12.0uM) and RA (IGy 7.0uM) exhibited efficient inhibition of g
aggregation. Both exhibited inhibitory activity the same order of magnitude as curcumin. These
results are in agreement with those of @mal. indicating that curcumin, nordihydroguaiaretic acid
and RA have similar anti-amyloidogenic activity [1& contrast, globoidnan B is less active. The
activity of globoidnan B is two-fold lower than thaf globoidnan A. Globoidnan A differs from B
only by the presence of carboxylic acid, indicatmgpecific interaction between globoidnan A and
AB.

RA is an ester of caffeic acid 3,4-dihydroxypheagtic acid and is commonly found in species
of the Lamiaceae. It has several biological adéisitsuch as antioxidant, anti-inflammatory,
antimutagenic, antibacterial, and antiviral [11]. AD pathogenesis, numerous reports indicate that
RA can modulate various processes. It reducpsnduced neurotoxicity in PC12 cells including
reactive oxygen species formation, lipid peroxiolatiDNA fragmentation, caspase-3 activation, and
tau @) protein hyperphosphorylation [26], and inhibiilsril formation [13, 18]. Globoidnan A is a
cyclolignan found for the first time in th@riganumgenus in this study. It was first isolated from
Eucalyptus globoideand reported to inhibit HIV integrase [23]. Ousults show its ability to inhibit
the progress of fiaggregation to a degree almost comparable twfratrcumin.
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RA and globoidnan A are the main compounds resptn&r the results obtained in this work. It
is very difficult to compare the inhibition activgs of the pure compounds with that of the whole
extract. Taking HPLC analysis into account, a qifiaation of the compounds within the extract
indicates that RA, globoidnans A and B representl83and 26% respectively of the whole extract.
The highest tested concentration of the extratu# (Inhibition 45%) which corresponds to 0.4, 0.4
and 0.7ug/mL of RA, globoidnans A and B, respectively ie tkxtract. Pure compound were tested at
10 uM. This concentration corresponds to ggmL of globoidnan A (Inhibition 40%). Therefore,
the inhibitory activity of the extract is more pmmced than that of the pure compound. This finding
could be attributed to other compounds not extthotgo an additive/synergistic effect.

4. Conclusions

To conclude, using 1D-and 2D NMR and MS analysesthjor constituents @. glandulosum
extract were determined to be rosmarinic acid, awknlignan globoidnan A and a new lignan
globoidnan B. Rosmarinic acid is prominent constituof Origanum species. However, this is the
first report of the presence of cyclolignans irsthenus. Although globoidnan A has been previously
identified inEucalyptus globoideayloboidnan B is a new cyclolignan derivative isethfrom nature
for the first time in this study. Interestingly tipeesent findings suggest that glandulosunextract
andconstituents inhibit B fibrils formation.The high concentration of RA acygtlolignan derivatives
may at least partially explain the anti-aggregatpatential of the extract as proved by our
experimental results.
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