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Abstract

Phenolic compounds from the aerial parts of medicinal plant Rhodiola rosea were identified using LC/MS experiments with time-of-flight and
triple quadrupole instruments, providing accurate mass and CID fragmentation data about the compounds. Supercritical fluid extraction (SFE) was
used to remove non-polar compounds from the samples, followed by liquid extraction of the flavonoids. Flavonoids were the main constituents in
aerial parts of the plant, and no phenylpropanoids were detected. In addition to usual fragment ions providing the size of the attached glycosides
in flavonoids, ions due to radical cleavage of glycosides were observed in the negative ion mode with relatively high collision energies. Use of
these ions for elucidating the glycosylation site in the aglycone part was evaluated and was found to give some tentative information, but their use
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n unambiguous identification of unknown flavonoids is not recommended. Fifteen flavonoids, of which 10 were previously unreported from the
lant, were identified.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Rhodiola rosea L. (golden root, rose root) has been used for
long time as an adaptogen in Chinese traditional medicine [1]
nd is connected to many pharmacological properties, of which
ost usually to stimulation of nervous system, improvement

f sleep, and for cardioprotective characteristics [2–4]. In addi-
ion, a number of other biological properties have been reported,
ncluding antiallergenic, antidepressant and anti-inflammatory
ffects [5,6], and response in cancer therapy [7,8]. The plant is
istributed globally in arctic regions, including Northern Asia,
laska, and northern parts of Europe. Medicinal use of the
lant is most usually concentrated on the rhizomes that contain
ts main bioactive phenylpropanoids, of which most important
re considered to be rosarin, rosin, and salidroside [3,9–11].
owever, also the aerial parts of the plant are sold in health

oods stores because of the reported radical scavenging activity
12,13].

The roots, leaves, and flowers of the plants are known to con-
tain a number of flavonoids, i.e. herbacetin (1), gossypetin (2),
and kaempferol (3) (Fig. 1) together with their glycosides rho-
dionin (herbacetin-7-O-�-l-rhamnopyranoside), rhodionidin
( herbacetin-7-O-�-l-rhamnopyranose-8-O-�-d-glucopyrano-
side), rhodiolgin (gossypetin-7-O-�-l-rhamnopyranoside),
rhodiolgidin (gossypetin-7-O-�-l-rhamnopyranose-8-O-�-d-
glucopyranoside), rhodalin (herbacetin-8-O-�-d-xylopyrano-
side), rhodalidin (herbacetin-8-O-�-d-xylopyranose-3-O-�-d-
glucopyranoside), rhodiosin (herbacetin-(3′′-O-�-d-glucopyra-
nosyl)-7-O-�-l-rhamnopyranoside), and kaempferol-7-O-�-l-
rhamnopyranoside [14–17].

During the last years, a large number of different papers
concerning the methods for identifying flavonoid structure by
tandem mass spectrometry have been published [18–25]. Most
recently, the use of radical fragment ion formation by homolytic
cleavage of glycosides from flavonol aglycone has been esti-
mated for elucidation of the site of glycosylation in the agly-
cones [26,27]. Here, we applied the method for some standard
flavonoid compounds with flavonol-type aglycone to evaluate
whether the results are repeatable with different type of instru-
∗ Corresponding author. Tel.: +358 8 5531656; fax: +358 8 5531600.
E-mail address: ari.tolonen@novamass.net (A. Tolonen).

mentation, and analyzed a sample extracted from aerial parts
of the R. rosea. Also, the more traditional approach using
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Fig. 1. Structures of herbacetin (1), gossypetin (2) and kaempferol (3).

the heterolytic [M + H–glycose]+ fragment ion intensities was
tested.

2. Experimental

2.1. Reagents and materials

The flavonoid standards were purchased from Extrasynthese
(France). HPLC grade acetonitrile were purchased from Merck
(LiChrosolv GG, Darmstadt, Germany). Formic acid used was
purchased from BDH Laboratory Supplies (Poole, England).
Laboratory water was distilled and purified with a Simplicity
185 water purifier (Millipore, Molsheim, France).

2.2. Sample preparation and extraction

The plant material used was grown material in the Department
of Biology and at the Botanical Gardens at University of Oulu.
Voucher samples with accession numbers 99-1954, 99-1958,
99-1662, 99-2027, 99-1198, 99-1125 according to which the
plants can be identified are stored in the Botanical Gardens at
the University of Oulu.

For analyses, 1 g of air-dried and powdered mixture of leaves
and flowers of R. rosea was prepared. To fractionate the least
polar components from the sample, it was extracted with Isco
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a Phenomenex Luna-C18 2.0 mm × 4.0 mm precolumn (Phe-
nomenex, Torrance, CA, USA). Temperature of column oven
was 30 ◦C and injection volume used was 10–20 �L. The elu-
ents used were 0.1% formic acid (A) and acetonitrile (B). Linear
gradient from 5 to 40% B in 60 min was applied. The eluent flow
rate used was 0.3 mL/min.

2.4. Mass spectrometry

The initial screening of the compounds present and accu-
rate mass measurements were carried out using an LCT TOF
mass spectrometer (Micromass, Altrincham, UK), equipped
with an ESI LockSpray ion source. Capillary voltages of 3.5
and −3.5 kV were used at positive and negative ion mode, while
the cone voltages were set to 25 and −35 V, respectively. The
HPLC flow was split post-column with an Acurate Post-Column
Stream Splitter (LC Packings, Amsterdam, The Netherlands),
with ratio 1/4 to MS and waste, respectively. The desolvation
temperature was 220 ◦C and the source temperature 150 ◦C.
Nitrogen was used as drying gas with flow rate of 850 L/h.
The lock compounds in positive and negative ion modes were
leusine encephalin ([M + H]+ at m/z 556.2771), and raffinose
([M–H]− at m/z 503.1612), respectively, and were delivered into
the LockSpray probe using a syringe pump (Harvard Appara-
tus, Holliston, USA), adjusted to give about 160 ions per 1.8 s
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FX 3560 supercritical fluid extractor (Isco Inc., Lincoln, USA)
sing consecutively pure supercritical CO2 (70 ◦C, 120 bar,
0 min static + 40 min dynamic extraction with flow rate of
mL/min), and supercritical CO2 with 8% EtOH as a modifier

140 ◦C, 500 bar, 10 min static + 55 min dynamic extraction with
ow rate of 2 mL/min), trapping the extraction fluid into ethanol
t 10 ◦C. Either of these extracts did not contain any flavonoids or
henylpropanoids. Finally, the sample was extracted for 60 min
ltrasonic bath with 1.5 ml of 60% aqueous ethanol. Extract was
entrifuged for 10 min in 12,200 × g with Eppendorf Minispin
entrifuge (Eppendorf AG, Hamburg, Germany) and filtered
ith 13 mm Gelman GHP acrodisc 0.45 �m syringe filters (Gel-
an Sciences, Ann Arbor, Michigan, USA) before injection into
C/MS system.

.3. Chromatography

Waters 2690 Alliance HPLC system (Waters Corp., Mil-
ord, USA) was used. The HPLC separation was performed
sing a Waters Symmetry C18 column (2.1 mm × 100 mm,
.5 �m particle size, Waters Corp., Milford, USA) together with
cquisition time. The mass resolution was ca. 5600 at positive
on mode and 5000 at negative ion mode (FWHM).

All LC/MS/MS experiments were performed with Micro-
ass Quattro II triple quadrupole instrument (Altrincham, UK)

quipped with Z-spray ionization source. Capillary voltages of
.5 and −3.5 kV were used at positive and negative ion mode,
espectively. In CID of [M + H]+ and [M–H]− ions, the sample
one voltages used were 22 V in positive ion mode and −45 V
n negative ion mode, while the collision energies were 15 and
0 eV, respectively. In “pseudo MS3” experiments at positive ion
ode for identification of aglycones, the [M + H–glycoside]+

ragments were generated in-source with cone voltage of 43 V
nd were further chosen for collision cell CID with collision
nergy of 30 eV. In all experiments, the precursor ions were cho-
en with 1 unit mass resolution. The collision gas was argon with
he CID gas cell pressure 2.0 × 10−3 mbar. Desolvation temper-
ture used was 320 ◦C and source temperature 150 ◦C. Nitrogen
as used as both drying and nebulizing gas with flow rates of and
0 L/h, respectively. The MS/MS spectra for flavonoid standards
ere measured by delivering the compounds directly into ESI

ource from syringe pump at about 20 �g/mL concentration.
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3. Results and discussion

3.1. MS/MS of flavonoid standards

As recently studied [26,27], the intensity of radical aglycone
[Y0–H]•− ion, formed by homolytic cleavage of glycose from
the aglycone in MS/MS of [M–H]− ions with relatively high col-
lision energies, is strongly dependent of the position in which
the cleaving glycoside is attached to the aglycone. The very
recent study [27] with a large number of flavonoid glycosides
with different aglycone types and glycosylation sites showed
that intensities of these ions can be used for tentative informa-
tion for the site of glycosylation. However, the authors came
into conclusion that interpretation of the data should be carried
out very carefully, and only after comparing the data with frag-
mentations of known standard flavonoids obtained with the very
same instrument and the same parameters. Therefore, we carried
out similar experiments with six standard flavonoid glycosides
with different glycosylation sites in 3-,7-, 8-, and 4′-positions of
flavolol aglycones (Table 1).

Similarly to earlier studies, we found the relative intensity
of this radical [Y0–H]•− ion to increase in comparison to non
radical Y0

− ion ([Aglycone–H]−) as the collision energy was
increased. With our instrumentation and collision gas (argon)
pressure of 2.0 × 10−3 mbar, the differences in relative amounts
of formed [Y –H]•− ion between the flavonoids with different
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However, the fragmentation of molecules glycosylated in 7-
and in 8-positions were not distinguishable. In our knowledge,
this is the first time that the radical ion formation from 8-O-
glucosides is studied. The cleavage of rhamnose from 7-position
of robinin did not produce radical ion, but only a [M–H–146]−
ion at m/z 593, whereas the loss of robinose (6-rhamnosyl-
galactose) from 3-position produced a radical fragment ion at
m/z 430 ([M–H–309]•−) with as high as 550% intensity in com-
parison of [M–H–308]− ion at m/z 431 (Fig. 2f).

In lower collision energy experiments, the formation of
[Y0–H]•− ion by cleavage of glucose from 4′-position of spi-
raeoside did not differ noticeably from that in compounds with
glycosylation in 7- or 8-position. When higher collision energies
were used, the formation of [Y0–H]•− ion by cleavage of glucose
from 4′-position of spiraeoside was almost as intense than with
cleavage of glycosides from 3-positions in rutin and quercitrin.
Thus, the CID parameters must be adjusted very carefully if the
data is used for structural elucidation.

A striking difference to the data reported earlier is seen in
radical ion formation when considering glycosylation in 7- and
4′-positions. In earlier study by Cuyckens and Claeys [27], the
[Y0–H]•−/Y0

− ratio of 1.0 was observed in cleavage of neo-
hesperidose from kaempferol-7-O-neohesperidose, and 0.4 in
cleavage of glucose from spiraeoside. In our experiments, the sit-
uation was completely different, as ratios observed in the CID
of kaempferol-7-O-neohesperidose and spiraeoside were 0.06
a
f
w
p
m
t
h
m
a
w
m

7
p
7
p
s
7
a

T
T

F

R
Q
S
K
G
R
R
R

0
lycosylation sites were most striking when collision energy
f 30 eV was used. The Fig. 2 shows the aglycone fragment
ons obtained from all the standard compounds, as well as
ragment ions due to losses of each glycose moiety from robinin
kaempferol-3-O-robinoside-7-O-rhamnoside). Similarly to
arlier studies [26,27], the losses of glycosides from 3-position
n quercitrin and rutin produced very intense [Y0–H]•− at
/z 300, being about 130–200% of non radical Y0

− ion at
/z 301 (Fig. 2a and b). For spiraeoside, the loss of glucose

n 4′-position of aglycone B-ring, the intensity of [Y0–H]•−
t m/z 300 was 50% of non radical Y0

− ion at m/z 301, and
hus clearly distinguishable with cleavage from 3-position
Fig. 2c). The cleavage of glycosides from 7- and 8-positions
n kaempferol-7-neohesperidose and gossypin (gossypetin-8-
-glucoside) produced only very small [Y0–H]•− ions at m/z
84 and m/z 316, respectively (Fig. 2d and e). The intensities of
hese radical ions in comparison with Y0

− ions at m/z 285 and
17 were below 10%, and again clearly distinguishable from
ntensities produced by cleavages from 3- and 4′-positions.

able 1
he flavonoid glycosides used and their glycosylation sites

lavonol MW

utin 610
uercitrin 448
piraeoside 464
aempferol-7-O-neohesperidose 594
ossypin 480
obinin 740
hodionidin 610
hodiolgidin 626
nd 0.5, respectively. As stated above, the [Y0–H]•−/Y0
− ratios

or both compounds were higher when higher collision energies
ere used, but the difference that the cleavage from 4′-position
roduced relatively much more intense radical aglycone frag-
ent ion than cleavage from 7-position was even higher. Thus,

he effects of instrumentation and chosen MS/MS parameters
ave a very large effect in the formation of these radical frag-
ent ions and their intensities. Cuyckens and Claeys [27] used

n EBE-oa-TOF-type instrument configuration in their studies,
hereas our work was carried out with a triple quadrupole instru-
ent.
Next, we applied the experiments for the two known

-, 8-di-O-glycosides, rhodionidin (herbacetin-7-O-rhamno-
yranose-8-O-glucopyranoside) and rhodiolgidin (gossypetin-
-O-rhamnopyranose-8-O-glucopyranoside) from the R. rosea
lant sample. The spectra obtained for these compounds are
hown in the Fig. 3. The losses of rhamnose units from the
-position of rhodionidin and 7-position of rhodiolgidin were
ccording to the results above, both not producing any radical

Aglycone Glycosylations

Quercetin 3-O-rutinose
Quercetin 3-O-rhamnose
Quercetin 4′-O-glucose
Kaempferol 7-O-neohesperidose
Gossypetin 8-O-glucose
Kaempferol 3-O-robinose, 7-O-rhamnose
Herbacetin 7-O-rhamnose, 8-O-glucose
Gossypetin 7-O-rhamnose, 8-O-glucose
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Fig. 2. [Y0–H]•− and [Y0]− ions from MS/MS spectra of [M–H]− acquired from (a) quercitrin (rhamnoside in 3-position); (b) rutin (rutinoside in 3-position); (c)
spiraeoside (glucose in 4′-position); (d) kaempferol-7-neohesperidose; (e) gossypin (glucose in 8-position); and (f) [M + H–rha]+ and [M–H–rob]•− ions acquired
from robinin (rhamnose in 7-position and robinose in 3-position).

ion, but only [M–H–146]− ions (Fig. 3a and b). However, devi-
ations from the trend were seen in cleavages of glucose units
from 8-positions of both compounds. In both these fragmenta-
tions [M–H–163]•− ions at m/z 446 in spectrum of rhodionidin
(Fig. 3b) and at m/z 462 in spectrum of rhodiolgidin (Fig. 3a)
were detected with a high relative abundances of 210 and 160%
in comparison with their [M–H–162]− ions, respectively. Thus,
the presence of another unit of glucose in 7-position increases
very strongly the radical fragment ion formation in cleavage
from 8-position.

F
f

In this case, the radical ion formation due to cleavage from
8-position is very similar to that from 3-position, making diffi-
cult to distinguish between 7-, 8-substituted and 3-, 7-substituted
flavonoid di-O-glycosides. According to this and in agreement
with Cuyckens and Claeys [27] radical ion, this radical ion for-
mation cannot be used to identify the glycosylation sites in
unknown flavonoids. However, with careful interpretation, cor-
rect adjustment of the instrument and comparison with known
standards, the data could be used for suggestive identification of
the glycosylation sites, especially if the aglycone does not have
hydroxyl groups in both 7- and 8-positions.

3.2. Identification of flavonoids from a real sample of R.
rosea

As expected, flavonoids were the main constituents in aerial
parts of the plant, and phenylpropanoids that are known to be
the main constituents of the roots were not detected. Also as
expected, the extract obtained from SFE sample cleaning did
not contain any flavonoids due to their polarity. Fig. 4 shows
LC/TOF-MS chromatograms acquired with positive and nega-
tive polarities for the 60% ethanol extract of the sample. Fifteen
flavonoid glycosides were detected either in positive and nega-
tive ion mode, most of them resulting ionisable in both polari-
ties. The flavonoids identified previously were present as major
p
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ig. 3. Fragment ions due to losses of one sugar unit from [M–H] , acquired

rom (a) rhodiolgidin; and (b) rhodionidin. i
eaks in chromatograms; the new flavonoids identified here were
resent as minor compounds. Table 2 presents the LC/MS data
btained for them, including the retention times, MS/MS data
fter colliding the molecular ions at positive and negative ion
odes ([M + H]+ and [M–H]−), and differences in calculated

nd measured accurate masses.
The size of the attached glycosides was identified accord-

ng the losses of hexose, deoxyhexose, and pentose moieties
−162, −146, and −132 Da, respectively) from the molecular
ons. In diglycosides analysis, the detection of two indepen-
ent losses of one sugar moiety from the [M–H]− ion was
nterpreted as presence of two separate O-monoglycosylations
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Fig. 4. LC/TOF-MS sum ion chromatograms of detected flavonoids acquired at ESI+ (a and c) and ESI− (b and d) from the 60% ethanol extract of R. rosea aerial
parts. (c) is the same as (a), amplified 24×, and (d) is the same as (b), amplified 24×. The peaks not marked were unidentified, probably not flavonoids.

(di-O-glycosides), as the loss of inner sugar from two ring-
sequence of O-diglycosides often seen in MS/MS of [M + H]+

cannot occur in the negative ion mode [18]. Also, the negative ion
mode was used in interpretation of the 2-unit glycan sequence
where present.

The aglycone parts of flavonoids were identified using
“pseudo MS3” experiments, in which in-source generated
aglycone [M + H–glycose]+ fragment-ions were chosen for
further MS/MS experiments. The data from these experiments
are shown in Table 3. All aglycones were easily identified
according to the comparison of these spectra with those of
standard compounds and literature [24,25]. All aglycones were
found to be kaempferol, herbacetin, gossypetin, quercetin, and
hydroxyl-gossypetin. The hydroxylation sites in B-ring of 2
were identified being probably 3′-, 4′-, 5′-hydroxylated, as in
flavonoid hibiscetin.

3.3. Glycosylation sites

The glycosylation sites of detected compounds were tenta-
tively identified according to the radical fragment ion intensities
produced from [M–H]− (as described above) and comparing
the intensities of the fragment ions generated in CID from
[M + H]+.

As it is known, the glycosylation sites in flavonol di-O-
glycosides with different glycoside substituents can be located,
a
c
m
a
a

of the sugar in the following order: 5 > 3 > 3′ ≥ 5′ > 4′ > 7 [26].
However, to our knowledge, the intensities due to cleavage from
uncommon 8-position have not been studied.

The compounds 7 (rhodiolgidin), 9 (rhodalidin), 11 (rhodi-
onidin), 13 (rhodiolgin), and 15 (rhodionin) were identified as
the known flavonoids of the plant, according the data presented
in Tables 2 and 3. Formation of intense fragment ions from
cleavages of glycans from 3- and 8-positions in positive ion
mode and the formation of intense radical fragment ions due to
homolytic glycan cleavages from these same positions fit well
to these identifications. The low intensity fragment ions due to
monoglycoside cleavages (ESI+) and small or no radical frag-
ment ion (ESI−) were connected to the 7-position glycosylation
sites. However, as the intensities of fragmentation data obtained
from 3- and 8-positions in 8-, 7-, and 3-, 7-di-O-glycosides
were very similar, these positions were identified due to knowl-
edge that the plant contains these compounds, after identify-
ing the correct aglycones. All the corresponding fragment ion
intensities in 2 were similar to those of 7 and 11, and there-
fore rhamnose was hypothesised in 7-position and glucose in
8-position.

In 4, 5, and 10, the aglycones did not have hydroxyl in 8-
position (Fig. 5), so the differentiation between 3-O- and 7-O-
glucosides was more easily hypothesised using both ESI+ and
ESI−.

In kaempferol-diglucoside 4, both the fragment ions
[
m
h
t
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s the glycoses from different sites of protonated molecules
leave more easily than others, producing a more intense frag-
ent ion peak. This fragment ion intensity has shown to be in

greement with the susceptibility of the sugar–aglycone bond to
cidic hydrolysis, that also depends on the attachment position
M–H–163]•− and [M–H–162]− were obtained at m/z 446 and
/z 447 due to loss of one glucose unit, so probably the molecule
as not a diglycosidic chain but two glucose moiety linked to
wo different phenolic groups, as the [M–H–163]•− cannot be
ormed from O-diglucoside.
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Table 2
The retention times (RT) and LC/MS/MS data after colliding the [M + H]+ and [M–H]− ions of detected flavonoids in R. rosea extracts and accurate mass data
obtained

RT (min) MW ESI + MS/MS m/z
(rel. int. %)a

ESI-MS/MS m/z (radical ion
rel. int.%)b

�AM (mDa) Identification

1 11.8 642 643 (20), 481
(100), 319 (35)

641, 478/479 (100%),
331/332/333

2.7 Gossypetin-di-O-glucoside

2 13.4 642 643 (15), 497 (5),
481 (100), 335
(95)

641, 495, 478/479 (650%),
331/332/333

3.7 OH-gossypetin-7-O-rha-8-O-glu

3 14.3 626 627 (15), 465
(100), 303 (30)

625, 462/463 (120%),
299/300/301

3.6 Herbacetin-di-O-glucoside

4 15.1 610 611, 449 (100),
287 (15)

609, 446/447 (300%),
283/285

0.0 Kaempferol-3-O-glu-7-O-glu

5 15.1 610 611, 465 (100),
449, 303 (20)

609, 462/463 (500%), 447,
299/300/301

0.0 Quercetin-3-O-rha-7-O-glu

6 15.5 642 643 (25),
481(100), 319
(15)

2.1 Gossypetin-di-O-glucoside or O-diglucoside

7 16.3 626 627 (15), 481 (5),
465 (100), 319
(75)

625, 479, 462/463 (190%),
315/316/317

0.8 Gossypetin-7-O-rha-8-O-glu = rhodiolgidin

8 16.5 612 613 (10), 451
(100), 319 (10)

611, 479, 448, 316/317 4.4 Gossypetin-3-O-glu-7-O-xylo/ara

9 17.6 596 595,462/463 (10%), 432/433
(220%), 299/300/301

0.1 Herbacetin-8-O-xylo-3-O-glu = rhodalidin

10 17.6 594 593, 446, 431, 283/285 0.3 Kaempferol-3-O-rha-7-O-glu
11 18.7 610 611 (10), 465 (5),

449 (100), 303
(75)

609, 463, 446/447 (210%),
299/300/301

0.5 Herbacetin-7-O-rha-8-O-glu = rhodionidin

12 18.8 596 597 (10), 435
(100), 303 (6)

595, 463, 432/433 (300%),
299/300/301

2.1 Herbacetin-3-O-glu -7-O-xylo/ara

13 27.8 464 465, 319 463, 316/317 (20%) 0.3 Gossypetin-7-O-rha = rhodiolgin
14 31.0 448 449, 303 447, 300/301 (100%) 0.8 Quercetin-3′/4′-rha
15 32.4 448 449, 303 447, 300/301 (20%) 0.2 Herbacetin-7-O-rha = rhodionin

rha: rhamnose; glu: glucose; xylo: xylose; ara: arabinose. �AM: difference between measured and calculated accurate mass.
a Relative intensities of peaks in ESI+ are shown only where they are used in identification.
b Relative intensities in ESI− only for radical fragment ions in comparison to non-radical fragment ion from loss of the same glycan.

In 8 and 12, the negative ion mode showed the losses of two
individual sugar units in both compounds. For 8, the cleavage of
pentose sugar produced only ion [M–H–132]−, while the loss
of glucose produced only radical fragment ion [M–H–163]•−.

As the glucose fragmentation [M + H–162]+ was the main peak
in positive ion mode and no [M + H–132]+ ions due to loss
of pentose sugar was observed, the glucose was suggested to
be in 3-position and the pentose in 7-position of gossypetin.

Table 3
LC/MS/MS data of [Aglycone+H]+ ions

RT (min) [M+H] (m/z) 0,2B+ 1,3B+-2H 1,3A+ 0,2A+ Identification

1 11.8 319 137 149 169 181 Gossypetin
2 13.4 335 153 167 169 181 OH-gossypetin
3 14.3 303 121 133 169 181 Herbacetin
4 15.1 287 121 133 153 165 Kaempferol
5 15.1 303 137 149 153 165 Quercetin
6 15.5 319 137 149 169 181 Gossypetin
7 16.3 319 137 149 169 181 Gossypetin
8 16.5 319 137 149 169 181 Gossypetin
9 17.6 303 121 133 169 181 Herbacetin

10 17.6 287 121 133 153 165 Kaempferol
11 18.7 303 121 133 169 181 Herbacetin
12 18.8 303 121 133 169 181 Herbacetin
13 27.8 319 137 149 169 181 Gossypetin
14 31.0 303 137 149 153 165 Quercetin
15 32.4 303 121 133 169 181 Herbacetin

See Fig. 1 for the explanation of fragment ions.
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Fig. 5. The compounds identified from the R. rosea extract.

Similarly, the same glycans were identified into same positions
of herbacetin in 12. However, the identification of pentose
sugars was not possible more reliably.

The radical fragment ions obtained in negative ion mode
at m/z 478 and m/z 462 for compounds 1 and 3, respectively,
enabled to identify them as di-O-glucosides. However, the iden-
tification of glycosylation sites for these compounds were not
clear, as they both had two sugar units with the same size,
so that their relative intensities from radical fragment ions or
[M + H–162]+ ions were not obtained individually.

For the compound 6, only positive ion mode data with
[M + H–162]+ and [M + H–162–162]+ fragment ions were
obtained, and therefore it cannot be distinguished whether it
is di-O-glucoside or O-diglucoside.

In monoglycoside 13, only a small radical aglycone fragment
ion was observed, similarly to 15 (rhodionin), referring to the
glycosylation site in 7-position. In flavonoid 14, the [Y0–H]•−
ion intensity of 100% compared to Y0

− refers to the glycosyla-
tion (rhamnose) on B-ring phenolic group of quercetin.

The 3-position was also excluded by different retention time
compared with quercetin-3-O-rhamnose standard (quercitrin),
so the glycosylation must be either in 3′- or 4′-position of
quercetin.

As seen according to spectra from 3-, 8-di-O-glycosides, and
7-, 8-di-O-glycosides, the fragmentation behaviour of glycans
in these compounds from 3- and 8-positions is closely similar,
in both positive and negative ion mode. This should be taken in
consideration when using this data in elucidation of glycosyla-
tion sites, if the flavonol aglycone contains a hydroxylation also
in quite uncommon 8-position.

4. Conclusions

Radical ion formation by cleavage of sugar units in colli-
sion induced dissociation of flavonol [M–H]− ions was studied.
Instrumentation used and MS/MS parameters were found to have
a very large effect in the formation of these radical fragment ions.
Very much caution must be used if using the data from radical
ion formation for identifying the glycosylation sites in unknown
flavonoids. However, after careful tuning of the instrument and
comparison with known standards, the tentative identification
of the glycosylation sites in flavonol-type aglycones is possible,
especially if the aglycone does not have hydroxyl groups in both
7- and 8-positions (Fig. 5).

A sample obtained from the aerial parts of R. rosea was ana-
lyzed with the methods discussed. Fifteen flavonoids, of which
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10 were previously unreported from the plant, were identified,
including tentative identifications concerning their glycosyla-
tion sites. This is the first time the identification of compounds
1–6, 8, 10, 12, and 14 is reported for R. rosea.
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