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A y-Glutamyl Peptide Isolated from Onion (  Allium cepa L.) by
Bioassay-Guided Fractionation Inhibits Resorption Activity of
Osteoclasts
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One gram of onion added to the food of rats inhibits significantly (p < 0.05) bone resorption as
assessed by the urinary excretion of tritium released from bone of 9-week-old rats prelabeled with
tritiated tetracycline from weeks 1 to 6. To isolate and identify the bone resorption inhibiting compound
from onion, onion powder was extracted and the extract fractionated by column chromatography
and medium-pressure liquid chromatography. A single active peak was finally obtained by semi-
preparative high-performance liquid chromatography. The biological activity of the various fractions
was tested in vitro on the activity of osteoclasts to form resorption pits on a mineralized substrate.
Medium, containing the various fractions or the pure compound, was added to osteoclasts of new-
born rats settled on ivory slices. After 24 h of incubation, the tartrate-resistant acid phosphatase
positive multinucleated cells, that is, osteoclasts, were counted. Subsequently, the number of resorption
pits was determined. Activity was calculated as the ratio of resorption pits/osteoclasts and was
compared to a negative control, that is, medium containing 10% fetal bovine serum only and to
calcitonin (10~12 M) as a positive control. Finally, a single peak inhibited osteoclast activity significantly
(p < 0.05). The structure of this compound was elucidated with high-performance liquid chromatog-
raphy—electrospray ionization—mass spectrometry, time-of-flight electrospray ionization mass spec-
trometry, and nuclear magnetic resonance spectroscopy. The single peak was identified as
y-L-glutamyl-trans-S-1-propenyl-L-cysteine sulfoxide (GPCS). It has a molecular mass of 306 Da and
inhibits dose-dependently the resorption activity of osteoclasts, the minimal effective dose being ~2
mM. As no other peak displayed inhibitory activity, it likely is responsible for the effect of onion on
bone resorption.
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INTRODUCTION However, the effects of the nutritional strategies recommended
Bone mass in adult humans decreases with age, leading totoday are rather modest. Indeed, even the effect of calcium in

an increased risk of fractures. Osteoporotic fractures, besidesm"k on the refative risk of hip fractures seems to be restricted

causing suffering to the patient, are a major burden to health to the 10% of the female popglation with the .Ipwest intake .Of

care, as the direct expenditure for osteoporosis and associate&alc'um. (2). Thus, regearch into novel nutritional strategies

fractures is around U.S. $17 billion/year in the United States preventlng.l?one loss is negded. ) )

(1). From a medical and economical view it would, therefore, ~ The addition of 7% of dried onion bulbs to the diet of rats

be desirable if low bone mass could be prevented. A nutritional decreases bone resorption and increases bone mineral content

approach would be an inexpensive means to achieve this goalin growing rats ). This effect is independent of the base excess
of onion @), that is, independent of potassium citrate metaboli-
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31-632 87 14: fax+41-31-632 87 21 e-mail rudolf.brenneisen@ heutralizing noncarbonic metabolic acid, which would otherwise

dka-ULnigeC?)- tor Phvionh loav. Department Clinical R o dissolve bone. Furthermore, an ethanolic extract from onion

aboratory for Phytopharmacology, Department Clinical Research. . ] oy

* Bone Biology Group, Department Clinical Research. prevented bone loss in an osteoporosis model and inhibited the
8 Department of Chemistry and Biochemistry. resorption activity of osteoclasts in vitré,(6). This suggested
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that the inhibitory activity of onion on bone resorption could
be due to a pharmacologically active compound.

A first fractionation of the ethanolic extract showed no activity
in vivo of the flavonoid-containing fraction, but instead the
activity eluted with the more polar compounds. This rendered

the easy approach of testing pure flavonoid standards abundan
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and anisaldehyde reagent for detection. The now saccharide-free fraction
Al-4 showed a significant in vitro activity; the saccharide-containing
fractions Al-1, A1-2, and A1-3 were not active in the osteoclast pit
assay and therefore not further studied.
Fractions Al-4A, A1-4B, A1-4C, and Al-4Bliquots of 0.125 mg
f fraction A1-4 were then finally purified by semipreparative, isocratic
PLC on an HP 1090 liquid chromatograph with diode array detection

in onion in_app_ropriate. Thus, an isola_ltion strategy was NEeCcessarypap) (Hewlett-Packard, Waldbronn, Germany) using a 2500 mm
Because in vivo models are not suitable for a bioassay-guided; g 5um Spherisorb ODS-1 column (filled in our laboratory by using

fractionation due to the large amounts of material requested,

a slurry technique) at 40C. The mobile phase was water/acetonitrile

we have tested a well-established in vitro model: the osteoclast(1:1), containing 0.006% formic acid at a flow rate of 1.5 mL/min.

pit assay. As the polar material also inhibited the resorption
activity of osteoclasts, this in vitro culture system could be used

Detection was at 195 nm. Equal fractions were pooled, evaporated,
freeze-dried, and tested in vitro. Fraction A1-4C (yield.5.2% w/w),

as a bioassay, prompting us to undertake the isolation andcorresponding to the major HPLC peak and chromatographically pure,

identification of the unknown compound(s) in onion inhibiting
bone resorption.

MATERIALS AND METHODS

Plant Material. Dried food grade flakes from white onion bulbs
(Allium cepalL., Liliaceae) were purchased from Landolt and Hauser
Inc., Néfels, Switzerland. The moisture was removed by adsorption
over silica gel before grinding. Four hundred gram aliquots of onion
powder were packed in polyethylene bags from which the air was
evacuated before sealing. They were stored & 4intil use.

Extraction. Four hundred grams of onion powder was extracted
twice with 2000 mL of aqueous ethanol (85% v/v) at 8D for 1 h

inhibited osteoclast activity nearly as strongly as fraction A1-4; all other
fractions were inactive.

Scaled-up Isolation of A1-4C For the preparation of larger amounts
of A1-4C (y-L-glutamylirans-S1-propenylt-cysteine sulfoxide, GPCS),
10.8-g aliquots of fraction A, dissolved in water, were first separated
by cation exchange column chromatography on &48cm i.d. column
filled with Dowex 50WX8 (Fluka Chemie). The noncationic fraction
eluted with 975 mL of water and the cationic fraction with 1425 mL
of 0.75 M ammonium hydroxide at a flow rate of 280 mL/min.
TLC on silica gel 60 ks4 with n-butanol/n-propanol/acetic acid/water
(3:1:1:1) as mobile phase and acetaldehyde and ninhydrin reagent for
detection was used for the fraction monitoring. In addition, the fractions
were checked by HPLC-DAD, using a 126 4 mm i.d., 3um

and filtered. After evaporation of the ethanol, the aqueous residue was Spherisorb ODS-1 column, water/acetonitrile (1:3), containing 0.05%

freeze-dried and stored at20 °C.

Bioassay-Guided Fractionation.Fractions A and BAbout 38 g
of the onion extract was redissolved in 600 mL of aqueous ethanol
15% (v/v) and heated at 6@ for 30 min under constant stirring. After
cooling to room temperature, the mixture was centrifuged for 20 min

phosphoric acid at a flow of 0.7 mL/min as mobile phase, and detection
at 195 nm. The noncationic fraction contained mainly saccharides,
whereas in the cationic fraction an enrichment of peptides and amino
acids could be observed. Consequently, 700-mg aliquots of the freeze-
dried cationic fractions were further separated by anion exchange

at 7000 rpm and the supernatant subjected to fractionation by adsorptioncolumn chromatography on a 400 26 mm i.d. column filled with
column chromatography (residue discarded). Fractions A and B resulted Powex 1X8 (Fluka Chemie). Elution was with (1) 237.5mL of 0.1 M

by using Amberlite XAD-4 (Fluka Chemie, Buchs, Switzerland) as

stationary phase and eluting with (1) 1280 mL of aqueous ethanol 15%,

(2) 1280 mL of water, and (3) 1400 mL of aqueous ethanol 85% at a
flow of 10 mL/min. Thin-layer chromatography (TLC) on 2010 cm
silica gel 60 ks4plates (Merck, Darmstadt, Germany) with chloroform/

acetic acid, (2) 1250 mL of 0.5 M acetic acid, and (3) 1000 mL of 2
M acetic acid; the flow rate of 95 mL/h was maintained by a Minipuls
3 pericyclic pump (Gilson, Villiers-le-Bel, France), and the 12.5-mL
fractions were collected and monitored by TLC. Identical fractions were
pooled and freeze-dried prior to a final check by HPLC-ESI-MS and

methanol/water (6.4:5:1, v/v) as mobile phase and detection with a 1% HPLC-DAD.

methanolic solution of diphenylboric aciethylaminoate, followed
by a 5% ethanolic solution of polyethylene glycol 4000, showed the
hydrophilic fraction A completely devoid of flavonoids, whereas the
lipophilic fraction B contained flavonoids. Fractions A and B were then
tested in vivo and in vitro by using the urinadH]tetracycline excretion

Structure Elucidation of Compound A1-4C. HPLC—Electrospray
lonization—Tandem Mass Spectrometry (HPLC-ESI-MS-M3je
instrumentation consisted of an HP 1100 liquid chromatograph with
DAD (Hewlett-Packard), linked to an LCQ ESI mass spectrometer
(Finnigan, Bremen, Germany). Separation was performed isocratically

rat model and the osteoclast pit assay, respectively. Fraction A showedat 40 °C on a 125x 4 mm i.d., 3um Spherisorb ODS-1 column

bone resorption inhibiting effects, whereas fraction B was inactive and
therefore discarded.
Fractions Al and A20ne-gram aliquots of fraction A, dissolved in

(Macherey-Nagel, Duren, Germany) with water/acetonitrile (1:4)
containing 0.05% formic acid at a flow rate of 0.7 mL/min. The collision
gas was helium, the energy 35%. Measurements were performed in

5 mL of mobile phase, were then further separated by medium-pressureboth the positive and negative ionization modes.

liquid chromatography (MPLC) using a model 681 pump and a 684
fraction collector (Blchi, Flawil, Switzerland) on a 462.5 cm, 15-
25um Lichroprep RP-18 column (Merck) with a 231 cm precolumn.
Elution was with (1) 340 mL of 5% aqueous methanol and (2) 300
mL of methanol, at a flow rate of 4 mL/min. Monitoring of the 60
4-mL fractions was performed by high-performance thin-layer chro-
matography (HPTLC) on 16& 10 cm RP-18 k4 plates (Merck) with

ESI-MS-MSFor confirmation of the results obtained by HPLC-ESI-
MS-MS, A1-4C was further analyzed after acidic hydrolysis by 70%
formic acid (100°C for 22 h) by direct inlet ESI-MS-MS. The
instrument was an Applied Biosystems/Sciex Qstar Pulsar mass
spectrometer (Foster City, CA), which is a hybrid quadrupole time-
of-flight (TOF) MS equipped with a nano-electrospray ion source.

Nuclear Magnetic Resonance Spectroscopy (NNNRIR experi-

water/methanol (19:1) as mobile phase and anisaldehyde reagent (5%mnents were performed on a Bruker DRX500 instrument (Karlsruhe,

acetic acid solution of anisaldehyde followed by heating at 12D
for detection. Fraction Al contained mainly saccharides (glucose,
fructose, and sucrose) and was active in vitro; fraction A2 was free of
saccharides, almost inactive, and therefore discarded.

Fractions Al-1, Al-2, A1-3, and Al-#our hundred milligram
aliquots of fraction A1 were further separated by MPLC on ax22.5
cm, 15—40um silica gel 60 column (Merck) with a 1% 1 cm
precolumn. Elution was first with 1208 mL of chloroform/methanol/
water (6.4:5:1) followed by 300 mL of 70% methanol, at a flow rate
of 4 mL/min. Monitoring of the 8-mL fractions (120 in total) was
performed by TLC on 10x 10 cm silica gel 60 fs4 plates (Merck)

Germany). Experiments were run at 500 MHz ferand at 125 MHz

for 13C. D,O was purchased from Euriso-Top (Gif-sur-Yvette, France),

and chemical shifts are reported relative to trimethylsilylpropionic acid

(sodium salt) as an external standard (Wilmad Corp., Buena, NJ).
Solvents for all HPLC experiments were of Lichrosolv gradient grade

quality; chemicals and solvents for MPLC and column chromatography

as well as TLC detection reagents were of analytical quality from

Merck. The pure GPCS standard was obtained from the New Zealand

Institute for Crop and Food Research (Christchurch, New Zealand).
Quantitative Determination of GPCS in Onion by HPLC. GPCS

in onion was quantified using an HP 1090 liquid chromatograph with

with n-butanol/n-propanol/acetic acid/water (3:1:1:1) as mobile phase DAD set at 195 nm (Hewlett-Packard). Analysis was performed
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isocratically at 4C°C on a 125x 4 mm i.d., 3um Spherisorb ODS-1  Tapje 1. Composition of the Semipurified Diet to Which Onion, Onion
column (Macherey-Nagel) with water/acetonitrile (1:3, v/v) containing  Exiract, or the Fractions Were Added

0.05% phosphoric acid at a flow rate of 0.7 mL/min. The extract was

prepared from~1 g (accurately weighed) of dried, pulverized onion glkg of glkg of
with 50 mL of methanol/water (50:50, v/v), containing 0.05% formic ingredient diet ingredient diet
acid,“by stirring at room temperature for 5 min accord_ing to the m(_athod sodium caseinate 200.0 potassium carbonate 56
of Mtsch-Eckner et aI.7Q. This methc_;ql allowed an efficient extraction com starch 521.0 magnesium oxide 20
of polar compounds using hydrophilic solvents and at the same time  gextrose 100.0 sodium chloride 11
inhibiting cleaving enzymes such as glutamyl peptidases and alliinases pork fat 30.0 vitamin mix@ 10.0
by the addition of methanol. The residues remaining after filtration  cellulose 40.0 trace element mix? 35.0
were re-extracted twice to thoroughly extract GPCS. Finally, the  dicalcium phosphate 36.5 choline chloride (50%) 2.3
methanol was removed from the filtrates in vacuo prior to freeze-drying. ~ Potassium phosphate 135 pL-methionine (25%) 30

The residue was redissolved in 5.00 mL of HPLC mobile phase, and
10 4L was injected into the HPLC. GPCS calibration was performed 2 Providing the following addition of vitamins per kg of diet: retinyl acetate,
using the external standard method and calculating the peak areas. Thé.34 mg; cholecalciferol, 0.025 mg; vitamin E, 100 mg; vitamin Kz, 4 mg; vitamin
calibrator concentrations were 0.01, 0.05, 0.1, 1.5, and 0.2 mg/mL Bi, 6 mg; vitamin Bz, 6 mg; nicotinic acid, 30 mg; panthothenic acid, 16 mg; folic
isolated GPCS. Each calibration point was measured three times. Foracid, 2 mg; vitamin Bg, 7 mg; vitamin By, 0.05 mg; biotin, 0.2 mg; and choline,
the intra- and interday variability five onion extracts were prepared 1000 mg. ®Providing the following additions of trace elements per kg of diet:
and analyzed two times within the same day and within 1 week, copper, 8 mg; zinc, 38 mg; iron, 80 mg; iodine, 0.8 mg; manganese, 11 mg; and
respectively. The limit of detection (LOD) was defined as the lowest selenium, 0.18 mg.

detectable GPCS amount at a signal-to-noise ratio of 5:1.

Biological Testing. Animals. Wistar Hanlbm rats (RCC Ltd.,
Fullinsdorf, Switzerland) were reared and kept in standard animal
facilities that comply with the Swiss and U.S. National Institutes of
Health guidelines for the care and use of experimental animals. The

Allium cepa L.
Dried bulb powder

85% EtOH, 60 °C /1 h;
filtrate, supernatant

experiment performed was approved by the State Committee for the Extract

Control of Animal Experimentation. At completion of the experiment lon exchange chromatography

the rats were killed with carbon dioxide. Amberlite XAD-4; Fraction B
In Vivo Assessment of Bone Resorptihe urinary excretion of - 18% EtOH: 2. H,0, 3. E1OH 85% (tpophilic)

SH-labeled tetracycline §H]Tc) from chronically prelabeled rats was Fraction A

used to assess bone resorpti@) 4, 8—11). This model has been (hydrophilic)

validated previously by finding the expected effect of many inhibitors

of bone resorption, such as bisphosphonates, calcitonin, and estrogen Lichro';"r::%P_w; Eraction A2

used clinically, or of stimulators of bone resorption, such as parathyroid

hormone and dietary calcium restriction. For the present experiment 3
Wistar Hanlbm dams with 12 3-day-old male pups each were purchased.
The 36 pups were injected from the first week of life twice a week for MPLC

6 weeks with increasing amounts GH]Tc (9). [*H]Tc is deposited Silicagel 60;
into bone and is released when bone is resorBedAfter discontinu- E CHC[ng&*,'\Tégf‘ts:”;
ation of labeling, the rats were transferred to metabolic cages. After ’

10 days of acclimatization, baseline bone resorption was monitored by

1. 5% MeOH; 2. MeOH

Fraction A 1

Fractions A 1-1,
A1-2,A13

Fraction A 1-4

measuring the daily urinar$H excretion. After 10 days of baseline
measurement, the 10-day dietary intervention was started in rats, which
were homogeneously assigned to the groups; that is, the ba3dline

Semiprep. HPLC
Spherisorb ODS-1;

H,0-acetonitrile (1:1)
+0.006% formic acid

Fractions A 1-4A,
A 1-4B, A 1-4D

urinary excretion of all rats was ranked, and to each treatment group Fraction A 1- 4C
was assigned one animal with a similar rank until the number of animals Figure 1. Bioassay-guided fractionation of an ethanolic extract of A. cepa
per group was completed (= 6 for the control groupn = 5 per L. Fractions active in the osteoclast pit assay are shown in bold-italic (in
treatment group). Using this protocol the méirexcretion was similar  the middle of the scheme); inactive fractions (on the right side of the
for all groups at the start of the dietary interventiéH.in urine was scheme) were not further studied.
determined by liquid scintillation counting. Aliquots of 1 mL of urine
were counted in 10 mL of Irga-Safe Plus scintillator (Packard to 1 g ofonion was given as daily treatment to each of the five rats per
International, Ziirich, Switzerland), and the result (dpm) was multiplied group. Appropriate amounts of the items to be investigated were added
by the 24-h urine volume. to batches of wet food sufficient for feeding five rats during 10 days.
Feeding and DietFrom the time when the rats were housed in the The additions were mixed with the diet according to the pharmaceutical
metabolic cages, they were given demineralized water to drink. The art to achieve homogeneity. That is, if the addition was 31.5 g#50
diets were given in a stainless steel crucible as wet food to minimize 3 portions of 595 mg) as for example in the case of fractiofrigre
spillage in the cage; thus, deionized water was added to batches 0f2), in a first step this material was carefully mixed with 31.5 g of diet.
food powder to give a doughlike consistency, which allowed food- The resulting 63 g was then mixed with an additional 63 g of plain
balls to be formed. During the 10-day acclimatization period in the diet and so forth until the final 1219 g of diet including fraction A was
metabolic cages and during the 10-day baseline urine collection, the obtained. These diets were then aliquoted into daily portions and kept
rats were fed a standardized “normal” diet 2134 (Kliba-Muhlen, frozen at—20°C until use. The calcium and phosphate concentrations
Kaiseraugst, Switzerland) with similarly high Ca and P concentrations of the diets was verified in triplicate ashed samples dissolved in 1 mol/L
(1.1 g of Caand 1.2 g of P per 100 g) as used in the “semipurified” HCI. Calcium was determined by atomic absorption spectrophotometry
diet described below. During the acclimatization period the rats were and phosphate by photometng, (13). The values given by the
trained to consume 23 g of wet food/day (13.1 g of dry matter); rats manufacturer were confirmed.
that repeatedly did not eat the whole daily amount were eliminated  Bioassay (in Vitro Assessment of OsteoclastAg)i. Osteoclasts
during this period. For the dietary intervention the dry additives were were isolated from femora and tibiae of six 2-day-old rats and pooled,
mixed with a semipurified diet (seBable 1) (12). Thus, 1 g ofdried and aliquots of the cell suspension were settled for 40 min ontod4
onion or 639 g of dried ethanolic onion extract corresponding to 1 g mm and 0.6 mm thick ivory slices used as the mineralized substrate.
of onion, or 595 mg of the dried hydrophilic fraction A corresponding The ivory was a gift from the zoo in Basel, Switzerland. After
to 1 g onion, or 7.1 mg of the dried lipophilic fraction B corresponding nonadherent cells had been washed off, individual slices were trans-
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Figure 2. Effect on bone resorption in rats fed a purified diet containing
(@) 1 g of dried onion, (A) 639 mg of dried ethanolic onion extract
corresponding to 1 g of onion, (a) 595 mg of the dried hydrophilic fraction
A corresponding to 1 g of onion, and (<) 7.1 mg of the dried lipophilic
fraction B corresponding to 1 g of onion. The 95% confidence interval
(CI; 1.96 x SEM) of the untreated control group is given as a box with
shaded background. Values are means + SEM. n = 6 for control and n
=5 for treated. *, p < 0.05, indicates the significance of the difference
of control versus treatments as assessed with Student’s ¢ test.

ferred to 48-well tissue culture plates and incubated for 24 h &C37
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Figure 3. Dose-dependent effect of the hydrophilic fraction A and of
calcitonin on in vitro resorption activity of osteoclasts. Fraction A was
added to the medium at concentrations of 1, 10, and 30 mg/mL and
calcitonin at 10712 M. Data presentation: the values of the treated groups
(n = 8) are given as the ratio treated/untreated + SEM. The 95% Cl
(1.96 x SEM) of the untreated group (n = 16) is given as mean = SEM
(box with shaded background). **, p < 0.01, and ***, p < 0.001, indicate
the significance of the difference of control versus treatments as assessed
with Student's t test.

in a 5% CQ/air atmosphere (14.5) in medium containing 10% fetal
bovine serum (FBS) with or without the material to be tested. The
concentration of bicarbonate in the MEM Earle’s medium was reduced

to 15 mM by the addition of 12 M HCI. In each experiment calcitonin 0 1.2

(salmon calcitonin) (Novartis Pharma, Basel, Switzerland) was added B ’

as positive control at the concentration of-10or 1022 M. In one Os 10 Sont

experiment parathyroid hormone (PTH bovine 1-34) (Bachem, Buben- Z‘E 0 L + 95% Cl

dorf, Switzerland) was added at the concentration of1Hl, to 2 5 H 084

stimulate bone resorption. For each material to be tested eight slices S< ©

were used; for the untreated controlx28 slices were used. After B = S 064

fixation, osteoclasts were stained for tartrate-resistant acid phosphatase B P s

(TRAP) (Sigma, Buchs, Switzerland) and were counted blinded as 83 7Fg 044 %

TRAP positive (TRAP-) multinucleated ¥ 2 nuclei) cells (MNC). After 8 5 ‘g

removal of the cells, the slices were sputter-coated with gold and the e P 0.2 [wwx

resorption pits counted blindL6). Osteoclastic resorption activity is 2 0

calculated as the ratio of resorption pits to TRARNC. 3 B
Statistics. The 95% confidence interval (95% CI) of the pertinent &é ,\,‘" ’\3" ©

controls was calculated by multiplying the SEM by 1.96 and is given S © ?‘h ?_'\'

as a shaded box. Values of the treated groups are given as fnean C‘}

SEM. The significance of differences was evaluated with Studént's . : . o L
test by using the GraphPad InStat statistical software (GraphPad Figure 4. Effect of various onion fractions and calcitonin on in vitro
Software, Inc., San Diego, CA), version 3.05. resorption activity of osteoclasts. Fractions A1-4, A1-4B, and A1-4C were

added to the medium at concentrations of 2.28, 0.43, and 0.53 mg/mL,
respectively. Calcitonin was used at the dose of 10712 M. Data presentation
is as described in Figure 2. *, p < 0.05, *, p < 0.01, and ***, p < 0.001,
Consecutive bioassay-guided chromatographic fractionation indicate the significance of the difference of control versus treatments as
(Figure 1) on nonionie-polymeric, reversed phase and normal assessed with Student's ¢ test.
phase columns of the active in vivo and in vitro ethanolic extract
resulted in fractions A (51.5%, average yield corresponding to containedm 1 g ofonion @). Therefore, it is not certain whether
prior fraction), Al (36.5%), and Al-4 (7.3%), respectively. Ten rutin contributes to the inhibition of bone resorption in vivo
and a half milligrams of fraction Al-4 was purified by (18,19).
semipreparative RP-18 HPLC, leading to 1.6 mg (15.2%) of  Fraction A also inhibited the resorption activity of osteoclasts
fraction A1-4C (GPCS). in vitro (Figure 3) when tested at doses corresponding to 17.4
The bone resorption inhibitory activity from onion was and 52.2 mg/mL of dry onion equivalents. Therefore, this in
associated with the polar fraction Kigure 2). On the contrary, vitro model could be used as a bioassay because it also requires
fraction B containing flavonoids was devoid of activity when only small amounts of material for activity testing. Fraction B
tested in vivo at a dose corresponding to 1 g of dry onion. This was also investigated in this model (results not shown) at doses
contrasts with the opinion of others who have proposed that equivalentto 9, 17, and 26 mg/mL dry onion, that is, 0.06, 0.12,
rutin (17), a flavonoid abundant in onion, could be responsible and 0.18 mg/mL medium. At the higher concentrations the
for the observed effect of onion and other vegetabBs I lipophilic material was cytotoxic (very low number of surviving
that study a single pharmacological dose of rutin inhibited bone cells and many fragments of necrotic cells), whereas at 9 mg/
loss in rats, a dose that was, however, much higher than thatmL onion equivalents, a dose with only a negligible effect on

RESULTS AND DISCUSSION
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Figure 5. Effect of GPCS and calcitonin on in vitro resorption activity of osteoclasts. GPCS was added to the medium at concentrations of 2, 4, and 8
mM. Calcitonin was used at the dose of 10~* M. Two separate experiments were performed: one without the addition of parathyroid hormone (A) and
one in which to all cultures PTH (10~8 M) was added to stimulate bone resorption (B). Data presentation is as described in Figure 3. *, p < 0.05, **,
p < 0.01, and **, p < 0.001. indicate the significance of the difference of control versus treatments as assessed with Student's t test.

o 0 Table 2. NMR Data for GPCS in D,0
7 1 11 m T
O HN "X OH position d¢ O multiplicity (J, Hz)
H3c‘:/\/3 o O NH, 1 21.0 1.95 dd (Jy 6.87, J3 1.54)
: OH 2 147.0 6.65 dq (J21 6.87, Jo3 15.26)
_ _ 3 133.0 6.50 dg (Js1 1.54, Js2 15.26)
Figure 6. Structure of y-L-glutamyl-trans-S-1-propenyl-L-cysteine sulfoxide 4 57.0 3.30dd (J54 9.77, Js 5 13.28)
(GPCS). 3.45 dd (Js 4 4.43, Jgr5 13.28)
5 54.0 4.50 dd (Jy5 4.43, Jy5 9.77)
cell number, we could not detect an effect. Thus, fraction B ‘75 i;gg
containing the onion flavonoids was considered also as not 8 350 250t (Jg7 7.78)
inhibitory in vitro. This is in agreement with our additional 9 30.0 2151t (6 6.41, Jr5 7.78)
evidence suggesting that rutin cannot explain the effect of 10 57.0 3.80t (Js7 6.41)
11 178.1

vegetables on bone metabolism (18).

Further extensive isolation work by using semipreparative
HPLC and activity screening allowed A1-4C to be identified couplings of they-C7 of the glutamic acid (174.00 ppm) with
as the only active fraction derived from the starting material the a-H5 of cysteine (4.50 ppm) and with the tweH8 of
Al-4 (Figure 4). Indeed, the pooled HPLC peaks eluting before glutamic acid (2.50 ppm) and a coupling of theC11 of the
Al1-4C (fractions A1-4A and A1-4B) were not active. Further- glutamic acid (173.10 ppm) only with the-H10 of glutamic
more, fraction A1-4D was also tested (2.53 mg/mL), butitwas acid (3.80 ppm). This proves clearly the presence of a
cytotoxic so that no conclusion could be drawn (results not y-glutamyl-type bond in the molecule. These findings were
shown). As HPLC showed that fraction A1-4C consisted of a confirmed by spectroscopic comparison with a pure reference
single compound, its subsequent identification was attempted.sample of GPCS23), which was analyzed under the same

HPLC-ESI-MS-MS experiments with the compouAd-4C conditions.
showed parent ions ain/z 307 and 305 in the positive and Scaled-up isolation of GPCS was carried out by subjecting
negative ionization modes, respectively. Thus, the uncharged108.0 g of fraction A first to cation and then to anion exchange
molecular ion of the compound in fraction A1-4C was 306 amu column chromatography, yielding 6.97 g (6.5%) of cationic
A survey of the literature on onion compoundX) revealed fraction and 788.0 mg of GPCS (0.7%), respectively. Fractions
the compound to be-L-glutamyltrans-S-1-propenyle-cysteine devoid of GPCS were discarded. GPCS isolated by this
sulfoxide (GPCS) (Figure 6). Moreover, an observed ion of methodology inhibited the resorption activity of osteoclasts dose-
m/z 130 confirmed the presence ofyaglutamyl-type bond in dependently, irrespective of whether the osteoclasts were
the molecule as described by other investigat@®).(In the stimulated with PTH (Figure 5). However, the magnitude of
ESI-MS-MS spectra after acid hydrolysis, fragments corre- the inhibition was somewhat smaller when PTH was added to
sponding to glutamic acid, cysteine, and cystine could be the cultures than when it was not. This seemed also to apply
observed, thus confirming the hypothesis. for the positive control calcitonin. Fraction A1-4C was active

IH, H/'H COSY, and*C/*H HSQC NMR measurements at the concentration of 0.53 mg/mL, that is, at 1.7 mM GPCS,
confirmed the presence of the two amino acids, glutamic acid whereas in the present experiment the inhibition was just not
(C7,C8, C9, C10, and C11) and cysteine (C4, C5, and C6) andsignificant at 2 mM. Taken together, the minimal effective dose
an aliphatic C-chain with a double bond (C1, C2, and C3) in of GPCS in this model appears to b& mM in cultures not
the molecule (Figure 6). The coupling constant of 15.26 Hz stimulated with PTH. In cultures stimulated with PTH this value
between H2 and H3 indicated a trans configuratia®)( For falls between 2 and 4 mM; a graphical interpolation frbigure
chemical shifts and couplings s&able 2. Focusing on thé3C- 5 suggests that it may be3 mM. As no other constituent of
carboxy region in the®C/'H HMBC spectrum revealed fraction A1-4C displayed inhibitory activity, GPCS appears to
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be responsible for the effect of onion on bone resorption in vitro,  (8) Muhlbauer, R. C.; Fleisch, H. The diurnal rhythm of bone

a contention that should be confirmed in vivo as soon as resorption in the rat: effect of feeding habits and pharmacological
sufficient compound is available. Future studies are also required inhibitors. J. Clin. Invest.1995,95, 1933—1940.
to establish the doses necessary to inhibit bone loss in an (9) Mihibauer, R. C.; Fleisch, H. A method for continual monitoring
osteoporosis model and to study its mechanism of action on of bone resorption in rats: evidence for a diurnal rhytim.
bone cells. J. Physiol.1990,259, R679—R689.

. . . (10) Egger, C. D.; Mihlbauer, R. C.; Felix, R.; Delmas, P. D.; Marks,
. ACCOfd'”Q to the present literature, the compounds ocgur_rlng S. C.; Fleisch, H. Evaluation of urinary pyridinium cross-link
in plant-derived foodstuffs that support bone health are limited excretion as a marker of bone resorption in theXaBone Miner.
to minerals (calcium, potassium, and magnesium), vitamins (K Res.1994,9, 1211—1219.
and C), phytoestrogens (coumestrol, zearalenol, isoflavones, and (11) Antic, V. N.; Fleisch, H.; Miihlbauer, R. C. Effect of bisphos-
humulone), possibly other flavonoids (rutin and hesperidin), and phonates on the increase in bone resorption induced by a low
monoterpenes (124—32). Thus, compounds active on bone, calcium diet.Calcif. Tissue Int1996,58, 443—448.
and therefore candidates for a dietary approach to osteoporosis, (12) Mihlbauer, R. C.; Lozano, A.; Reinli, A.; Wetli, H. Various
are widely distributed in the plant kingdom. We found by HPLC selected vegetables, fruits, mushrooms and red wine residue
17.3 mg of GPCSn 1 g of dryonion, that is, 1.73%. The inhibit bone resorption in rats. Nutr.2003,133, 3592—3597.

measured GPCS content is in agreement with the findings of (13) Chen, P.S., Jr.; Toribara, T. Y.; Warner, H. Microdetermination
others who measured GPCS concentrations in the range of  ©f phosphorusAnal. Chem1956,28, 1756-1758.
0.58—2.88% of dry weight (233). Therefore, the rats treated (14) Arnett, T. R.; Spowage, M. Modulation of the resorptive activity
with 1 g of onion received~0.2 mM/kg of body weight of of rat osteoclasts by small changes in extracellular pH near the
GPCS. Validation, using an onion batch with lower GPCS physiological rangeBone1996, 18, 277-279.

o (15) Jones, S. J.; Boyde, A.; Ali, N. N. The resorption of biological
content, showed that the HPLC method is linga=(0.9998), and non-biological substrates by cultured avian and mammalian

sufficiently reproducible (intraday variability, meanRSD, 0.05 osteoblastsAnat. Embryol1984, 170, 247—256.

+ 8.2%,n = 5; interday variability, 0.2 10.8%,n = 5), and (16) Vitté, C.; Fleisch, H.; Guenther, H. L. Bisphosphonates induce

sensitive (limit of detectior= 30 ng of GPCS). osteoblasts to secrete an inhibitor of osteoclast-mediated resorp-
The identification of GPCS as a compound inhibiting the tion. Endocrinology1996, 137, 2324—2333.

activity of bone-resorbing cells adds another compound, belong- (17) Horcajada-Molteni, M. N.; Crespy, V.; Coxam, V.; Davicco, M.

ing to yet another class of molecules, to the list of natural J.; Remesy, C.; Barlet, J. P. Rutin inhibits ovariectomy-induced

compounds active on bone. Whether GPCS is a representative ~ 0steopenia in ratsl. Bone Miner. Res2000,15, 2251-2258.

of a family of active compounds or an individual active (18) Mhlbauer, R. C._ Rutin cannot explain the effect of vegetables
compound is presently not known. To clarify this issue, it will on bone metabolisml. Bone Miner. Res2001,16, 970 (letter

be necessary to study its role in the activity of the other 25 to the Editor). , , .

active vegetable food items identified so fa2)j and possibly (19) Barlet, J. P. A possible rut(in) the road. Bone Miner. Res.

. . . : 2001,16, 971 (reply).
identify other active members of this class of compounds. (20) Breu, W.Allium cepal. (onion) Part 1: Chemistry and analysis.

Phytomedicinel 996, 3, 293—306.
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