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ABSTRACT

According to modern ethnobotanical records, the fruit of Hip-
pophae rhamnoides is effective in the treatment of different al-
lergic symptoms. In order to obtain pharmacological evidence
for this observation, the fruit was investigated for anti-inflam-
matory activity using in vivo animal models. Aqueous and 70%
MeOH extracts were tested in 48/80-induced rat paw edema
assay after oral administration, and it was found that the 70%
MeOH extract (500 mg/kg) reduced significantly edema vol-
ume (0.660 = 0.082 mL vs. control 0.935 + 0.041 mL). Extracts
of different parts of the fruit (pulp, peel, seed) were investi-
gated in the same assay, and the peel extract was shown to
exhibit maximum edema-reducing effect (0.470+0.124 mL
vs. control 0.920+0.111 mL). This extract was used to eluci-
date the mode of action. Different inflammation inducers
(serotonin, histamine, dextran, bradykinin, and carrageenan)
were applied in the rat paw model, but the extract inhibited
only the compound 48/80 elicited inflammation. The active
extract was then fractionated by solvent-solvent partitioning
and chromatographic methods with the guidance of the 48/
80-induced anti-inflammatory assay, and the main com-
pounds responsible for the activity were identified as ursolic
acid and oleanolic acid. Our data suggest that the activity is
most probably based on a membrane stabilizing effect caused
by the inhibition of degranulation of mast cells. Moreover,
previously unknown 2,5-bis-aryl-3,4-dimethyltetrahydrofuran
lignans, nectandrin B, fragransin A;, and saucernetindiol were
isolated and identified from H. rhamnoides for the first time.

Introduction

Hippophae rhamnoides L. (sea buckthorn) belongs to the family
Elaeagnaceae and is native to China, Russia, Mongolia, and Siberia.
Nowadays it is cultivated in many countries of Europe and Asia.
Different parts of the shrub, especially the berries, have been used
for medicinal and nutritional purposes in the Baltic region and by
Tibetan and Mongolian people. Preparations of sea buckthorn are
commonly employed in folk medicine for the treatment of gastric
disorders, liver injury, asthma, cardiovascular problems, and skin
diseases. Further, in Europe and Central Asia, every part of the
plant (berries, leaves, young shoots, roots, and bark) is utilized as
food, firewood, fuel, feed, or decoration [1, 2].
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H. rhamnoides has been widely studied for bioactive constitu-
ents, and flavonoids, carotenoids, essential oil, vitamins, carbo-
hydrates, organic acids, amino acids, and micro- and macro-
nutrients have been detected from different plant parts. Many
bioactive compounds were isolated from the berries, such as hip-
pophae cerebroside, triterpene acids, furanoaldehydes, isorham-
netin and quercetin glycosides, tannins, saturated and unsaturat-
ed fatty acids, and fatty acid glycerides [3]. Further interesting
metabolites are carotenoid-lipoprotein complexes and polysac-
charides, which are in the focus of phytochemical-pharmacologi-
cal research because of their physiological function and acute liver
injury preventive effect [2]. Significant antioxidant activities of the
fruit were demonstrated in antioxidant assays in consequence of
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ABBREVIATIONS

HFWE Hippophae fruits water extract
HFME Hippophae fruits 70% MeOH extract
HPuME Hippophae pulp 70% MeOH extract
HSME Hippophae seed 70% MeOH extract
HPeME Hippophae peel 70% MeOH extract
HPeCE Hippophae peel CHCl5 extract
HPeEE Hippophae peel ethyl acetate extract
HPeBE Hippophae peel n-butanol extract
HPeER Hippophae peel extracts remnant
HPeCF Hippophae peel extracts CHCl3 fraction
VLC vacuum liquid chromatography

its high vitamin C (600 mg/100 g fruit), vitamin E content, and fla-
vonoid components. Recent studies have shown that constituents
of sea buckthorn are considered to be promising compounds in
the treatment of cancer, gastric ulcer, skin diseases, thrombosis,
and diabetes [1]. Moreover, antiviral and antibacterial effects
were reported for the aqueous seed extract and hiporamin, a pu-
rified polyphenol fraction of the leaves [3].

The anti-inflammatory activity in various experimental models
of inflammation has been documented. The 70% EtOH extracts of
the branches of H. rhamnoides showed inhibitory effects on 12-0O-
tetradecanoylphorbol-13-acetate (TPA) induced ear edema in
mice [4]. (-)-Epigallocatechin and ursolic acid were isolated and
identified as compounds responsible for anti-inflammatory activ-
ity. Liu et al. [2] studied the polysaccharide fraction isolated from
the berries and found that its anti-inflammatory effect is mediat-
ed by blocking NF-xB activation. Yuan et al. [5] investigated the
protein fraction obtained from the seed and concluded that seed
protein diet can significantly reduce inflammatory factor levels in
diabetic mice. In the study of Park et al. [6], the activity-guided
fractionation of dichloromethane fraction of the stems resulted
the identification of B-sitosterol as an anti-inflammatory agent;
this compound strongly inhibited the production of nitrite in
RAW 264.7 cells compared to only lipopolysaccharide treatment.

In accordance with the above scientific and folk medicinal in-
formation, sea buckthorn berries are widely used as food supple-
ments, additives, cosmetic ingredients, or nutraceuticals. In addi-
tion, in the recent years a new application is spreading through
the Internet in Hungary. It is claimed that sea buckthorn prepara-
tions are effective in reduction of allergic symptoms, caused by
pollens, metals, or sunburn. The dried fruit mixed with yogurt,
muesli, or other food is recommended for the alleviation of sneez-
ing, nasal congestion, cough, itchy skin, watery eyes, runny nose,
hives, and irritability [7, 8]. The information is propagated on fo-
rums and in product advertisements, and some medical doctors
also advise for their patients the use of sea buckthorn fruit for
the treatment of allergic symptoms. The aim of the present work
was the validation of this observation and investigation of the
fruits of H. rhamnoides for anti-inflammatory activity using in vivo
animal models. Different parts of the fruit and extracts prepared
by different solvents were analyzed, and from the most active

CHCl3 fraction of the MeOH peel extract, the compounds respon-
sible for the activity were identified by activity-guided isolation
procedure.

Results

According to modern ethnobotanical records, the fruits of
H. rhamnoides were effective in the treatment of different allergic
symptoms. In order to obtain pharmacological evidence for this
observation, the fruits were investigated for their anti-inflamma-
tory activity using in vivo rat paw models.

First, aqueous (HFWE) and 70% MeOH (HFME) extracts were
prepared from the whole fruits of H. rhamnoides and tested in
the 48/80-induced rat paw edema model after oral administra-
tion. HFME showed interesting anti-inflammatory activity and re-
duced the edema volume (0.660 +0.082 mL vs. control 0.935 *
0.041mL), while HFWE had no significant effect (0.874%
0.130 mL) (» Fig. 1).

With regard to the significantly different chemical composi-
tion, different parts of the fruits were investigated separately,
and aqueous MeOH extracts were prepared from the pulp
(HPuME), peel (HPeME), and seeds (HSME) in order to find the
most active part of the berries. HPUME exerted no significant ac-
tion on the formation of 48/80-induced rat paw edema (> Fig. 2).
HPeME exhibited the highest anti-inflammatory effect. HSME pro-
duced a moderate (0.760+0.111mL vs. 0.920+0.111 mL) but
significant (p < 0.05) reduction of rat paw volume.

In order to investigate the possible mechanism of edema inhib-
itory effect of the most active extract, HPeME was tested in differ-
ent inflammatory models. In this set of experiments, serotonin,
histamine, dextran, bradykinin, and carrageenan were additional-
ly used as edema inducers. It was established that oral administra-
tion of 500 mg/kg HPeME was ineffective if edema was induced by
serotonin, histamine, dextran, bradykinin, or carrageenan
(> Fig. 3). In case of compound 48/80-induced edema, however,
HPeME inhibited significantly (0.470+0.124mL vs. 0.920+
0.111mL, p<0.001) edema formation.

Solvent-solvent partitioning was used to gain CHCl3 (HPeCE),
ethyl acetate (HPeEE), n-butanol (HPeBE), and water soluble
(HPeER) fractions of HPeME with the aim to identify the active
constituents (> Fig. 4). The anti-inflammatory activity of HPeCE,
HPeEE, HPeBE, and HPeER was investigated in the 48/80-induced
rat paw edema model (> Fig.5). Edema inhibitory activities of
fractions containing moderate apolar components (HPeEE,
HPeBE, and HPeER) were not statistically different from the values
of the control. Volume of paw edema after oral administration of
the lipophilic fraction HPeCE (500 mg/kg) was significantly re-
duced (0.362 £0.103 mL, p<0.01) compared to those in the con-
trol group (0.644 +0.059 mL). All these findings suggested that
the anti-inflammatory agents of sea buckthorn fruits are concen-
trated in the peel of the berries and have lipophilic character.

For bioactivity-guided isolation CHCl3 soluble fraction (27 g,
0.9% of peel) (HPeCF) was prepared from the 70% MeOH extract
of dried peel and submitted to VLC on silica gel using gradient
system of n-hexane-acetone, to vyield fractions A1-20, A21-31,
A32-41, A42-49, A50-55, A56-61, and A62-68, respectively
(» Fig. 6). After testing the fractions in the paw edema model, it
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was established that fraction A32-41 had a similar significant
activity as HPeCF (edema volume 0.432+0.079 mL and 0.440 +
0.128 mL, vs. control 0.855+0.067 mL, p<0.001) (> Fig. 7). All
other fractions proved to be inactive. The thin layer chromato-
gram of fractions suggested that component at Rf=0.73 repre-
sents the major compound of the active fraction (A32-41)
(Fig. 1S, Supporting Information). After repeated purification by
VLC on RP-18, a mixture of two compounds was obtained (besides
a fraction without these compounds). On the basis of structure
elucidation using "H and '*C NMR measurements and MS spectra,
the two compounds were identified as oleanolic acid and ursolic
acid based on the data identical with those reported in Hu et al.
and Gnaotto et al. [9,10].

The concentrations of triterpenes were measured by HPLC-UV
method. It was established that fraction A32-41 contained
30.76% oleanolic acid and 19.11% ursolic acid. Accordingly, the
calculated oleanolic acid-ursolic acid ratio in fraction B16-19/
C11-16 was 154:96. Anti-inflammatory activity of the main com-
ponents oleanolic acid and ursolic acid, their mixture (ratio
154:96), and fraction B1-9/C1-10 (other compounds) were
tested in the paw edema model using different doses imitating
the composition of fraction A32-41. Oleanolic acid (154 mg/kg),
ursolic acid (96 mg/kg), and their mixture (154:96, 250 mg/kg)
significantly reduced the edema volume (0.600 +0.055mlL,
0.688+0.102mL, 0.452+0.080mL, vs. control 0.862=
0.097 mL), while the fraction containing other compounds (frac-
tion B1-9/C1-10) had no significant effect (0.920+0.087 mL)
(> Fig. 8), proving that the triterpene acids are the active ingre-
dients.

Fraction A42-49, which showed some overlap in composition
with fraction A32-41, was subjected to multiple chromatographic
separations to afford the isolation of lignans 1-3. Compound 1
was identified as nectandrin B [11], compound 2 was identical in
all of its spectral characteristics with fragransin A, [12]. Com-
pound 3 was identical with saucernetindiol [13] (> Fig.9). The
NMR data of these compounds in CD30D (Table 1S, Supporting
Information) are reported here for the first time. In addition, by
crystallization from MeOH, fractions A50-55 and A56-61 af-
forded isorhamnetin.

Discussion

Sea buckthorn has been used globally as therapeutic and health-
promoting agent and is regarded as a “superfood” because of its
powerful antioxidant effects, high vitamin C contents, and rich-
ness in polyunsaturated fatty acids. In recent years in Hungary,
the fruit of the plant has been advertised as an effective herbal
product for the treatment of allergic symptoms. In our experi-
ment, the anti-inflammatory activity of the berry was studied us-
ing in vivo rat paw edema models. The inflammation-reducing ac-
tivity of the 70% MeOH extract was confirmed in the 48/80-in-
duced rat paw edema test, which is a standard model of mast cell
degranulation-implicated inflammatory processes. The highest
activity was recorded for the peel extract, when 70% MeOH ex-
tracts of different parts of sea buckthorn fruit (peel, pulp, and
seed) were evaluated. The peel is often considered as the by-prod-
uct of food processing (e.g., juice pressing).
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> Fig. 1 Effect of the p.o. administration of water (HFWE) extract
or 70% MeOH extract (HFME) (500 mg/kg) on 48/80-induced rat
paw edema (mean = SD; *p <0.05 as compared with the control).

-

o
o
|

LA}

fall

Control  Cetirizine  HPeME HPuME HSME

e
o

=]
IS

Edema volume (mL)

o
N

> Fig. 2 Effect of the p.o. administration of cetirizine (50 mg/kg)
or 70% MeOH extract of peel (HPEME), pulp (HPuME), and seeds
(HHSME) (500 mg/kg) on 48/80-induced rat paw edema (mean
SD; *p<0.05, ***p<0.001 as compared with the control).

I control [l HPeME

Serotonin  Histamine Dextran Bradykinin Carrageenan

1

Edema volume (mL)
e o o
B o o

o
(%)

1]

> Fig. 3 Effect of the p.o. administration of MeOH peel extract
(HPeME) (500 mg/kg) on rat paw edema induced by different pro-
inflammatory agents (48/80, serotonin, histamine, dextran, brady-
kinin, carrageenan) (mean £ SD; ***p<0.001 as compared with
the control).
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| 70% MeOH extraction
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l Solvent-solvent partition with ethyl acetate

HPeCE | Organic phase

|Solvent-soluent partition with n-butanol

3.13g

HPeEE |Organic phase

2.80
£ HPeBE

5.22g

| Water phase
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> Fig.4 Scheme of preparing of extracts HPeME, HPeCE, HPeEE, HPeBE, and HPeER.

The fruit peel extract inhibited only the 48/80-induced inflam-
mation, and inflammation caused by other edema inducers (sero-
tonin, histamine, dextran, bradykinin and carrageenan) was not
reduced by the fruit peel extract (HPeME). The inflammation elic-
ited by compound 48/80 is considered a consequence of the re-
lease of endogenously produced and stored histamine from mast
cells [14]. The other applied agents are either exogenous media-
tors of the pro-inflammatory reaction (bradykinin, serotonin, and
histamine) or polysaccharide-type inducers (carrageenan, dex-
tran) eliciting a more complex mechanism involving bradykinin,
histamine, tachykinins, reactive oxygen, and nitrogen species
[15]. The basic difference of these mechanisms supports the pos-
sible benefit of H. rhamnoides in the treatment of allergic symp-
toms, in accordance with recent ethnobotanical observation.

Ursolic acid and oleanolic acid were identified as the main
compounds responsible for the activity with the guidance of the
48/80-induced anti-inflammatory assay from the active apolar
fraction of MeOH peel extract by solvent-solvent partition and
chromatographic purifications. The pure triterpene acids un-
equivocally accounted for the anti-inflammatory effect of the fruit
peel extract, but other active compounds may also be present in
smaller concentrations. Regarding the mechanism of action, it is
supposed that the measured activity of triterpene acids is based
on membrane stabilizing effect caused by inhibition of the degra-
nulation of mast cells.

Isolation of ursolic acid and oleanolic acid was reported already
from the fruits of H. rhamnoides [16]. Ursolic acid was also ob-
tained from the extract of branches of the plant [4]. Their anti-in-
flammatory activity was demonstrated by several studies. It was
found that ursolic acid and oleanolic acid have TPA-induced in-
flammation inhibitory activity in the mouse ear edema test [15,
17]. Significant COX-2-inhibiting activity of ursolic acid was dem-
onstrated in in vitro COX-2-catalyzed prostaglandin biosynthesis
assay with a COX-2/COX-1 selectivity ratio of 0.6. This activity
was observed in COX-2 TPA-treated human mammary and oral
epithelial cells. Oleanolic acid exhibited inhibitory effects on carra-
geenan-induced rat paw edema and formalin-induced arthritis
[18]. Despite of these studies, the in vivo anti-inflammatory effect
of orally applied compounds on 48/80-induced edema model was

0.8

T

Conitrol Cetirizing HPeCE HPeEE HPeBE HPeER

Edemna volume [mL)
o o
= o

o
h

> Fig. 5 Effect of the p.o. administration of cetirizine (50 mg/kg) or
CHCl3 (HPeCE), ethyl acetate (HPeEE), n-butanol (HPeBE), and
water peel extract (HPeER) (500 mg/kg) on 48/80-induced rat paw
edema (mean +SD; **p<0.01, ***p<0.001 as compared with the
control).

not reported previously. In accordance with our results, the anti-
inflammatory effect of ursolic acid was observed in a rat mast cell
bioassay, and it was found that this compound inhibited 48/80-in-
duced histamine release by 95% and 26% at concentrations of
1073 M and 107 M, respectively [19].

The present phytochemical analysis also resulted in the isola-
tion of isorhamnetin and 2,6-bis-aryl-tetrahydrofuran-type ste-
reoisomeric lignans: nectandrin B (1), fragransin A; (2), and sau-
cernetindiol (3). This type of lignan was identified for the first
time from sea buckthorn and from the Elaeagnaceae family. Pre-
viously, these compounds were reported from different Myristica-
ceae, Saururaceae, Magnoliaceae, Lauraceae, Piperaceae, and
Poaceae species [12,20]. Previously, other types of lignan, secoi-
solariciresinol and matairesinol, were isolated from sea buckthorn
berries, and both compounds were detected in seeds, fruit pulp,
and peel [21]. Compounds 1-3 were minor components of the
active extracts and fractions, and although most probably they
have no anti-inflammatory activity, they may contribute to the
therapeutic and health-promoting effect of H. rhamnoides prepa-
rations. In earlier studies, tetrahydrofuran lignans were shown to
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> Fig. 6 Scheme of bioactivity-guided isolation.

have high plant growth inhibitory potency against Italian ryegrass
and against lettuce, and the inhibitory activity varied depending
on the configurations of each position of the tetrahydrofuran ring
[22]. Nectandrin B (1) was reported to have hepatocyte-protec-
tive effect against oxidative injury through the activation of the
Nrf2/ARE pathway mediated by extracellular signal-requlated ki-
nase phosphorylation and adenosine monophosphate activated
protein kinase dependent inactivation of GSK-3f [23]. In addition,
nectandrin B (1) suppresses the expression of adhesion molecules
in endothelial cells, an initial event in atherogenesis [24]. Diaryl-
dimethyl-tetrahydrofuran lignans, including nectandrin B (1), ex-
ert neurotrophic and neuroprotective effect, promoting neuronal
survival and neurite outgrowth [25].

Materials and Methods

General experiment procedures

The optical rotation was determined in CHCl5 using a Perkin-Elmer
341 polarimeter. NMR spectra were recorded in CDCl; and CD30D
on a Bruker Avance DRX 500 spectrometer at 500 MHz ('H) and
125 MHz ('3C). The peak of the residual solvent were taken as ref-
erence. The data were acquired and processed with MestReNova
v. 6.0.2-5475 software. Chemical shifts are expressed in parts
per million, and coupling constant (J) values are reported in Hz.
Low-resolution ESI mass spectra were recorded on an API 2000 tri-
ple quadrupole mass spectrometer equipped with an electrospray
interface. Atmospheric pressure chemical ionization mass spec-
trometry (APCIMS) and electrospray ionization mass spectrome-
try (ESIMS) measurements were performed on an APl 2000 LC-MS

Rédei D et al. Bioactivity-Guided Investigation of... Planta Med

08 -
=
E T
o O.E | wEw
: i =
E |
i 04 - -
02 4 = = - : L - |
0

Control Cetirizine HPeCF  A1-20 AZ1-31 A32-41 A42-49 ASD-55 AS6-61 AGZ-68

> Fig. 7 Effect of the p.o. administration of cetirizine (50 mg/kg) or
CHCl5 fraction (HPeCF) and fractions A1-20 to A62-68 (500 mg/kg)
on 48/80-induced rat paw edema (mean + SD; ***p<0.001 as
compared with the control).

system. For VLG, silica gel (TLC-Silica gel 60 GF;s54, 15 pm, Merck)
and reversed phase silica gel (LiChroprep RP-18, 40-63 pum,
Merck) were used. Pre-coated normal phase silica gel plates (Silica
gel 60 F554, 0.25 mm, Merck) and reversed phase silica gel plates
(Silica gel 60 RP-18 F3s54s, Merck) were used for thin layer chroma-
tography (TLC) analyses and preparative TLC. Spots were visual-
ized by heating after spraying with concentrated H,SO4. HPLC
measurements were performed on a Shimadzu LC-20 instrument.
Results were calculated with Analist 1.4 software.

Plant material

H. rhamnoides was organically cultivated and harvested in Fajsz,
Hungary. Fresh whole fruits, fresh pulp, dried peel, and dried

Downloaded by: Szeged University. Copyrighted material.



@ Thieme

seeds were donated by Bio-Drog-Berta Ltd. The plant was identi-
fied by Dr. Zoltan Berta. A voucher specimen has been deposited
at the herbarium of the Institute of Pharmacognosy, University of
Szeged (voucher no. 878).

Preparing of extracts for pharmacological
investigation

The different plant materials (whole fruits, peel, pulp, and seeds)
were crushed or grinded and extracted with the adequate solvent
in ultrasonic bath (3 x 15 min). The extracts were concentrated
under reduced pressure and freeze-dried. Then 200 g fresh fruits,
200 g fresh pulp, 100 g dried seeds, and 100 g dried peel were ex-
tracted with 3x200 mL water (HFWE), 3x200mL 70% MeOH
(HFME), 3 %200 mL 70% MeOH (HPuME), 3 x 200 mL 70% MeOH
(HSME), and 1x300 mL and 2 %200 mL 70% MeOH (HPeME) af-
fording dry extracts HFWE (12.7 g), HFME (6.7 g), HPuME (6.9 g),
HSME (12.7g), and HPeME (15.2g), respectively. Dried peel
(200 g) was extracted with 1x1300mL and 2x600mL 70%
MeOH. After concentration under reduced pressure (to 200 mL),
the extract was partitioned successively with CHCl3 (3 x 150 mL),
ethyl acetate (3 x150mL), and n-butanol (3 x150 mL). The ex-
tracts and the remnant were concentrated under reduced pres-
sure affording extracts HPeCE (3.13 g), HPeEE (2.80g), HPeBE
(5.22 g), and HPeER (20.41 g).

Bioactivity-guided isolation

Dried peel (3000g) was percolated at room temperature with
70% MeOH (30L). The crude extract was concentrated (2L) and
partitioned with CHCl3 (6 x 1500 mL). The CHCl3 fraction (HPeCF,
27 g) was submitted to VLC on silica gel (15 pym, Merck) column
(A) using a step gradient of n-hexane-acetone 9:1 (600 mL), 8:2
(500mL), 7:3 (500mL), 6:4 (500mL), 4:6 (500mL), 3:7
(500 mL), and acetone 300 mL to yield 68 fractions. Fractions of
50 mL were collected and monitored by TLC. The fractions A1-20
(2.49), A21-31 (2.7 g), A32-41 (2.7 g), A42-49 (2.1 g), A50-55
(3.8g), A56-61 (1.1g), and A62-68 (3.5g) were combined.
These seven fractions were tested in paw edema model using 48/
80 as inducer.

Of the active fraction A32-41, 1.0 g was fractionated by VLC
on RP-18 (40-60 pm, Merck) column (B) using a step gradient of
acetonitrile-water 1:1 (200 mL), 7:3 (800 mL), 8:2 (200 mL), ace-
tonitrile (100 mL), and MeOH (300 mL) as mobile phase to obtain
19 fractions (100 mL). Fractions B1-9, B10-15, and B16-19 were
combined. Fraction B10-15 was chromatographed by VLC on RP-
18 (40-60 pm, Merck) column (C) using a step gradient of aceto-
nitrile-water 7:3 (800 mL), acetonitrile (400 mL), and MeOH
(400 mL) as mobile phase to obtain 16 fractions (100 mL). After
TLC monitoring, two combined fractions B1-9/C1-10 (529 mg)
and B16-19/C11-16 (464 mg) were obtained. Fraction B16-19/
C11-16 proved to be mixture of oleanolic acid and ursolic acid.

Isolation of lignans

Fraction A42-49 was fractionated by VLC on silica gel (15um,
Merck) column (D) with a gradient system of n-hexane-acetone
(90:10 - 0:100) to yield 70 fractions. Fraction D45-57 was chro-
matographed by VLC on RP-18 (40-60 um, Merck) column with a
gradient system of acetonitrile-water (1:4—4:1) (E) to obtain

Edema velume (mL)

.
08
E
06 l - s -
04
02 -
0

Control  Oleanolic acid Ursolic acid Oleanolic acid B81-9/C1-10
+ ursolic ackd

» Fig. 8 Effect of oleanolic acid (154 mg/kg), ursolic acid (96 mg/
kg), mixture of oleanolic acid and ursolic acid imitating the compo-
sition of fraction A32-41 (154:96, 250 mg/kg), and fraction B1-9/
C1-10 (250 mg/kg) on 48/80-induced rat paw edema (mean + SD;
***p<0.001 as compared with the control).

HsCOo L OCH;,
L
Ho OH

» Fig. 9 Structures of the isolated lignans 1-3.

73 fractions. Preparative layer chromatographic purification of
fraction E24-33 using silica gel plates and cyclohexane-dichloro-
methane-MeOH (5:15:1) as eluent afforded compounds 1-3.
Crystallization from MeOH fractions A50-55 and A56-61 af-
forded isorhamnetin.

Nectandrin B (1): amorphous solid; [a]3’> 0 (c 0.40, CHCl3); 'H
NMR and "3C NMR, see Table 1S (Supporting Information); ESIMS
positive m/z 345 [M + HJ*, 327 [M + H - H,0]*, 295 [M + H -
CH3OH]*, 221 [M + H - hydroxy-methoxyphenyl]*.

(+)-Fragransin A (2): amorphous solid; [a]2® + 78 (¢ 1.0, CHCl3);
H NMR and 3C NMR, see Table 1S (Supporting Information);
ESIMS positive m/z 345 [M + H]*, 327 [M + H - H0]", 295 [M + H
- CH30H]*, 221 [M + H-hydroxy-methoxyphenyl]*.
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(-)-Saucernetindiol (3): amorphous solid; [a]&® -35 (c 0.1,
CHCLl); "H NMR, see Table 1S (Supporting Information); ESIMS
positive m/z 345 [M + HJ*, 327 [M + H - H,0]*, 295 [M + H -
CH3OH]".

HPLC-UV analysis

Oleanolic acid and ursolic acid content of fraction A32-41 was
measured by HPLC on a LiChrospher 100, RP-18 (4 %250 mm,
5um) column using MeOH-phosphate buffer (0.03 M, pH 2.8)
88:12 as eluent at a flow rate of 1 mL/min. Calibration curves
were made by diluting stock solution of ursolic acid (300 ug/mL)
and oleanolic acid (290 pg/mL). Peaks were detected at 210 nm.

Anti-inflammatory test

Animals: This study was approved by the Committee on Animal
Research at the University of Szeged, Hungary (IV/141/2013, is-
sued on January 8, 2013). A colony of 160 200 g male Sprague-
Dawley rats (Charles River Laboratories), fed with commercial
rodent pellets and tap water, was used. Animals were housed in
groups of five at controlled room temperature (22+1°C) and
maintained under an alternating 12 h light/12 h dark cycle (lights
on at 6:00 am.).

Paw edema test: Fractions suspended in 5 mL methylcellulose
gel (2%) or 500 mg/kg dry extracts were given to rats per os. Since
the main aim of the study was the identification of the active sub-
stances responsible for the action, and dose-response relation-
ships were not considered. Therefore, one single and efficiently
high dose was given for all tested extracts or fractions. The acute
hind paw edema was induced by subplantar injection of the pro-
inflammatory agents (48/80 3 pg, bradykinin 5 pg, serotonin 5 ug,
histamine 100 ug, carrageenan 500 ug, dextran [200,000 DA]
900 pg; in 0.1 mL saline) 1h after the administration of extracts
or positive control cetirizine. The contralateral foot was injected
with isotonic saline. The rat paw volume was measured using dig-
ital plethysmometer 30 min (48/80, bradykinin, serotonin),
60 min (histamine, dextran), or 360 min (carrageenan) after ad-
ministration of the pro-inflammatory agents. Cetirizine (50 mg/
kg) was used as a reference agent. All chemicals (at least 98%
purity or molecular biology grade) were purchased from Sigma-
Aldrich.

Statistical analysis

Statistical analyses were performed with Prism 4.0 software
(GraphPad). Differences between the groups were assessed by
two-way analyses of variance followed by the Newman-Keuls post
hoc test. The criterion for statistical significance was p <0.05. All
values are expressed as means of at least six values + SD.

Supporting information

Thin layer chromatogram and the effect of chloroform peel ex-
tract and fractions A1-20 to A62-68, and 'H and *C NMR data
of nectandrin B (1), fragransin A; (2), and saucernetindiol (3) in
CD3OD are available as supporting information.
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