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bstract

This study reported the application of LC–ESI/MS method to characterize O-diglycosyl flavanones of traditional Chinese medicine Fructus
urantii(Zhiqiao) and UPLC retention parameters method to expatiate the structure-retention relationship of these O-diglycosyl flavanones. The
xtract of F. aurantii was found containing neoeriocitrin, isonaringin, naringin, hesperidin, neohesperidin and neoponcirin. Tandem mass spectro-
etric method has been utilized to elucidate structure and differentiate the interglycosidic linkage of isomeric O-diglycosyl flavanones. Based on the

elative abundance of fragments formed by fragmentation at glycosidic bonds in positive ion mode and CID MS spectra of deprotonated molecule
M−H]− in negative ion mode, the interglycosidic linkage of O-diglycosyl flavanones (flavonoid O-neohesperidosides and O-rutinosides, 1,2- and

,6-) can be unambiguously differentiated. UPLC and a CSASS software were performed to obtain the retention parameters a, c and k values of
hese compounds. The �a, �c and α values within compound pair naringin to neoriocitrin, neoponcirin to neohesperidin, naringin to isonaringin,
eohesperidin to hesperidin, hesperidin to isonaringin, neohesperidin to naringin were calculated. We found there were some relationship between
tructure and retention parameters.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Flavonoids are very common and widespread secondary plant
etabolities. It is estimated that about 2% of all carbon photo-

ynthesized by plants, amounting to about 1 × 109 tonnes/year,
s converted into flavonoids or related compounds [1]. The
avonoid family comprises 15 classes of compounds, including

he flavones, flavonols, flavanones, chalcones, and isoflavones,
tc. Although flavonoids are sometimes found as their aglycones,
hey most commonly occur in plant materials as glycosides.
ugar substitution on the flavonoid skeleton may occur through
ydroxyl groups in the case of O-glycosides or directly to carbon
toms in A-ring in C-glycosides. The number of sugar rings sub-

tituted on the aglycone varies from one to four. Flavonoids have
wide range of biological and physiological activities and serve
s chemotaxonomic marker compounds. Therefore, they have
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n parameters

een extensively investigated in the past and during recent years.
S spectrometry, especially coupled to soft ionization-source

uch as atmospheric pressure chemical ionization (APCI) and
lectrospray ionization (ESI), which has advantage of sensitivity,
ossibilities of coupling with liquid chromatography and provid-
ng molecular mass and structural information on-line, so has
ecome a very powerful tool in analysis of flavonoids. The tan-
em mass spectrometric fragmentation behaviors of flavonoid
ave been investigated extensively, and thus allow the identifi-
ation of unknown compounds even when reference standards
re unavailable.

Fructus aurantii (Zhi qiao) is a dried, closely mature fruit
f Citrus aurantium L. As an important traditional Chinese
edicine, F. aurantii shows bioactivities of anti-tumor [2], anti-

ypertension [3], anti-shock [4], etc. Although F. aurantii has
een proven effectively against tumor and hypertension via mod-

rn pharmacological studies and clinical trials, constituents of
t have still not been studied well. In our antecedent studies
5], an LC–MS and CID MS/MS experiment was adopted to
dentify six O-diglycosyl flavanones from extracts of F. aurantii

mailto:liangxm@dicp.ac.cn
dx.doi.org/10.1016/j.jpba.2006.05.015
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Table 1
Main O-diglycosyl flavanones found in Fructus aurantii

No. Compound R1 R2 R3 Mr

1 Neoeriocitrin(1) Neohesperidose OH OH 596
2 Isonaringin(2) Rutinose H OH 580
3 Naringin(3) Neohesperidose H OH 580
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Hesperidin and naringin were purchased from Sigma (USA)
and Xiantong Time (China), respectively. The standards were
diluted in acetonitrile to form a standards stock solution of

Table 2
Solvent composition of five times linear gradients

10% B 30% B

Gradient 1 0 20
4 Hesperidin(4) Rutinose OH OCH3 610
5 Neohesperidin(5) Neohesperidose OH OCH3 610
6 Neoponcirin(6) Neohesperidose H OCH3 594

the structure of them see Table 1). However, in the study, no
tandards were employed to validate the identification and the
ragmentation patterns in negative mode did not be expatiated.
urthermore, the fragmentation patterns of target compounds in
ositive mode did not be explained thoroughly and the exper-
mental data appeared to be too feeble to support the identi-
cation of the structures. Therefore, in this paper, a LC–MS
nd CID MS/MS experiment has been carried out to investigate
he specific fragmentation patterns of the standard hesperidin
HES) and naringin (NAR). It will be discussed whether the
pecific fragmentation patterns of individual O-diglycosyl fla-
anone allow the identification of target compounds from the
xtract of F. aurantii. ESI was preferred in the present exper-
ments since the target compounds in the F. aurantii samples
ere favorably analyzed with this ionization method.
In this paper, we also studied the structure-retention relation-

hip of the O-diglycosyl flavanones found in F. aurantii. Lu et
l. deduced the retention parameters equation in binary mobile
hase system of RP-LC through thermodynamic methods [6,7]:

n k = a + cCB

here k is retention factor (k = (tR − t0)/t0); a, c are constants and
elate to the structure in a given chromatographic system. CB is
he volume fraction of the solvent with higher solvent strength in
he mobile phase. Based on this equation, Xinya Xue developed
software CSASS to calculate a, c values. Using the a, c values
f target compound, we can predict the retention time (RT) of
arget compound in any chromatographic condition. The process
o calculate a, c values is as follow: firstly, taking five times linear
radient UPLC experiments for a sample to obtain experimental
etention time to every target compounds in different chromato-
raphic condition. These five times linear gradients have the
ame initiative and final mobile phase composition but differ-
nt gradient time. Secondly, each target compound is assigned
n initial a, c value by experience. Thirdly, Euler’s method is
sed to calculate predicted retention time using the initial a,
value. Finally, Levenberg–Marquardt method is used to cal-
ulate final a, c value. When input the experimental data of
he five times linear gradient experiments into the software, the
ourse of calculation is completed automatically. Comparing
ith conventional isocratic methods, these approaches can save

G
G
G
G
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ime to find the optimal separation condition and obtain more
recise parameters. This software was utilized quite often in our
esearch group to predict RT of target compounds and optimize
hromatographic condition to complex system in RP-LC analy-
is, and the results very closed to the reality. In this paper, we use
his method to obtain the a, c and α values of the O-diglycosyl
avanones identified in the extract of F. aurantii. We will dis-
uss the relationship between structure and retention parameters
horoughly.

. Materials and methods

.1. Instrumentation

.1.1. HPLC/DAD-MS
An Agilent 1100 Series LC/MSD Trap (USA) with a

hotodiode-array detector set at 280 nm (monitoring wave-
ength). Chromatographic conditions were as follow: column,
lite ODS2 C18 (Dalian, China), 250 mm × 4.6 mm, 5 �m; elu-
nt: (A) water–formic acid (100:0.5, v/v), (B) acetonitrile–
ormic acid (100:0.5, v/v). The linear gradient was 0–40 min,
0–45% B; 40–45 min, 45–80% B. The flow-rate was 1 mL/min
nd the column temperature was 30 ◦C.

Mass range measured as 50–1000 amu. The spectra were
cquired in both positive and negative modes; the ESI source
onditions were adjusted as fellow: drying N2, temperature
50 ◦C, 8 L/min; nebulizing N2, 2.4Br. HPLC–MS connection
as through an I.D. 0.007′′ tube. A 0.4 mL/min mobile phase
as entered MS from outlet of DAD via splitting.

.1.2. UPLC-TUV
An ACQUITYTM UPLC (Waters, USA) with a TUV detec-

or set at 280 nm. Chromatographic conditions were as fol-
ow: column, ACQUITY UPLCTM BEHC18 (Waters, USA),
00 mm × 2.1 mm, 1.7 �m; eluent: (A) water–formic acid
100:0.5, v/v), (B) acetonitrile–formic acid (100:0.5, v/v). The
ve times linear gradients for a, c values are shown in Table 2; the

socratic solvent composition to calculate k was 0–20 min, 20%
. The flow-rate was 0.25 mL/min and the column temperature
as 30 ◦C; retention parameters were obtained and analyzed by

he CSASS software.

.2. Standard and reagents
radient 2 0 22
radient 3 0 24
radient 4 0 26
radient 5 0 28
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mg/mL, this solution was then diluted further in acetonitrile
o form a standards work solution at 200 ng/mL before LC–MS
nalysis. Macroporous resin AB-8 (HG2-885-76) was purchased
rom TianJin Institute of Fine Chemistry (China). Acetonitrile
Merck, Germany), methonal (Yuwang, China) and formic acid
J&KCHEMICA, USA) were in HPLC grade. Reverse osmo-
is Milli-Q water (18.2 M�) (Millipore, USA) was used for all
olutions and dilutions.

.3. Plant material and sample preparation

F. aurantii were collected from Kai County, Chongqing city,
hina. The herb was authenticated by Institute of Medica-

ion, Xiyuan hospital of China Academy of traditional Chinese
edicine. The sample was grounded into fine powder. A dry and
ne powder of 5 g was weighed, 200 mL water–ethanol (20:80,
/v) was added, and the extraction was operated in an ultra-
onic water bath for 30 min. The solution was filtered through
.45 �m cellulose membrane and the filtrate was dried with a
otary evaporator at 60 ◦C. Then the residual solid was collected
nd diluted in 5 mL water. A glass column (2 cm × 50 cm) was
et-packed [8] with the macroporous resin (HG2-885-76). The
ed volume (BV) of the resin was 50 mL. The sample was loaded
nto the adsorbate-laden column and was washed with 150 mL
ater firstly, and then was desorbed with 150 mL water–ethanol

20:80, v/v) solution. The eluent were concentrated and dried
y rotary evaporator at 60 ◦C. The residual solid was diluted in
mL water–Acetonitrile (50:50, v/v) and was filtered through
.22 �m cellulose membrane before analysis.

.4. Nomenclature

The nomenclature proposed by Domon and Costello [9] for
lycoconjugates was adopted to denote the product ions of
avonoid glycosides (Scheme 1). Ions containing the aglycone
re labeled k,lXj, Yj and Zj, where j is the number of the inter-
lycosidic bond broken, counting from the aglycone, and the
uperscripts k and l indicate the cleavages within the carbohy-
rate rings. The glycosidic bond linking the glycan part to the

glycone is numbered 0. If the charge is retained on the carbohy-
rate residue, product ions are designated as k,lAi and Bi, where
represents the number (≥1) of the glycosidic bond cleaved,
ounting from the non-reducing terminus. The nomenclature

[
(
o
r

Scheme 1. Ion nomenclature followed for flavonoid glyc
Biomedical Analysis 42 (2006) 441–448 443

roposed by Ma and Li [10] was followed to refer to product
ons resulting from aglycone fragmentation. m,nA0 and m,nB0 are
sed to designate product ions containing intact A- and B-rings,
espectively, where the superscripts m and n indicate the C-ring
onds that have been broken. The subscript 0 to the right of the
etters A and B is used to avoid confusion with the Ai and Bi

i ≥ 1) labels which are used to designate carbohydrate-related
roduct ions.

.5. Statistics

Statistical software SPSS 10.0 was adopted to accomplish
aired-samples t-test.

. Results and discussion

.1. Choice of interface

Our preliminary experiments showed that O-diglycosyl fla-
anones gave better response with ESI. For this reason, further
xperiments were carried out with the ESI source. The com-
ounds were confirmed based on the molecular masses of the
rotonated species and their fragmentation patterns obtained by
ID-MS of the protonated and deprotonated molecules. The
ominant fragment ions were subsequently isolated in the ion
rap and subjected to a second or third stage of collision to

ap the sequential fragmentation routes and provide additional
tructural information. The collision gas was nominally 1 mTorr
elium, which is the standard buffer gas used in Ion-Trap MS.

.2. MS experiments of standards hesperidin and naringin

The first order mass spectrum of hesperidin is shown in
cheme 2a. Four predominant product ions were observed
hich exhibits that the structure of hesperidin is not stable

n ion-source and take place fragmentation. The four ions
re the protonated molecule [M+H]+ (m/z 611), the frag-
ent ion [Z1+H]+ (m/z 449) correspond to the protonated
olecule’s loss of an glucose (162 u), the sodiated molecule
M+Na]+(m/z 633) and the protonated aglycone [Y0+H]+

m/z 303) corresponded to the protonated molecule’s loss
f rhamnosylglucose (308u). The irregular Z1 ion has been
ationalized by loss of an glucose and a mechanism involving a

osides (illustrated on naringenin 7-O-rutinoside).
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pathways of them form the characteristic MSn “fingerprint”.
Using this “fingerprint”, we can screen and characterize target
compounds in highly complex mixtures.
cheme 2. The mass spectra of hesperidin: (a) first order mass spectrum of hes
pectrum of protonated aglycone of hesperidin.

obile proton from the aglycone to the terminal rhamnose has
een proposed [11]. The Z1 ion has a markedly high relative
bundance, which was unique as a flavanone 7-O-diglycosides
12,13]. The CID-MS product-ions spectrum of protonated
esperidin is shown in Scheme 2b. The product-ions [Y1+H]+

m/z 465) formed by loss of terminal rhamnose, the product-
ons [Z1+H]+ and [Y0+H]+ are observed synchronously.
dditional peaks can be seen at m/z 593([M−H2O+H]+),
75([M−2H2O+H]+), 557([M−3H2O+H]+), 431([Z1−H2
+H]+), 413([Z1−2H2O+H]+), 345([0,2X0+H]+). Scheme 2c

llustrates the CID-MS product-ions spectrum of the aglycone
f hesperidin. The product-ion species are formed in four
ragmentation pathways (see Scheme 3). Pathway I involves a
etro-Diels-Alder (RDA) fragmentation wherein bonds 1 and 4
ndergo scission leading to the formation of the [1,4B−H2+H]+

ons of m/z 177 as base peak. This fragmentation pathway was
eldom reported in literatures as main fragmentation pattern of
avanone aglycones, and the product-ion maybe takes place
etrocyclisation. Pathway II involves a RDA fragmentation
herein bonds 1 and 3 undergo scission leading to the formation
f the [1,3A0+H]+ and [1,3B+H]+ ions of m/z 153 and m/z 151,
espectively. The [1,3A0+H]+ ion is observed for all flavonoid
roups, and is generally the fragment most readily formed then
ften constitutes the most abundant fragment ion [14]. The ion
1,3A0+H]+ is the most useful fragment in terms of aglycone
dentification, for it provides information on the number and
ype of substituents in the A-ring. Pathway III indicates the
eutral loss of H2O form protonated molecular, which is a

ragment commonly observed [14]. Pathyway IV involves

fragmentation wherein bonds C-ring and B-ring undergo
cission leading to the formation of the [A0−B-ring]+ ion of m/z
79. Though seldom reported, the pathway undergoing neutral

S
o

n; (b) CID-mass spectrum of protonated molecule of hesperidin; (c) CID-mass

oss of intact B-ring is the most useful fragmentation in terms
f aglycone identification, for which provides information
n the number and type of substituents in B-ring. Curiously,
he protonated molecular does not show prominent loss of
H3 (15u), which is easily detected from the precursor-ion in
ethoxy group [15–17]. The MS information of naringin is

ummarized in Tables 3 and 4. Naringin has nearly the same
ragmentation pattern as hesperidin. The mutual fragmentation
cheme 3. Proposed characteristic fragmentation from the protonated aglycone
f hesperidin.
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Table 3
The first order ESI (+)-MS spectra date of peaks 1–6 (abundance% of ions are given)

Peak No. Identification [M+H]+(m/z) [M+Na]+ (m/z) [Y0+H]+ (m/z) [Z1+H]+ (m/z)

1 Neoeriocitrin(1) 597(44.5) 619(16.6) 289(99.9) 435(16.6)
2 Isonaringin(2) 581(99.9) 603(14.6) 273(19.2) 419(51.4)
3 Naringin(3) 581(47.1) 603(3.2) 273(99.9) 419(24.4)
4 Hesperidin(4) 611(99.9) 633(10.4) 303(47.1) 449(73.3)
5 Neohesperidin(5) 611(40.5) 633(3.2) 303(99.9) 449(35.0)
6 Neoponcirin(6) 595(37.0) – 287(99.9) 433(15.7)

Table 4
The CID ESI (+)-MS spectra date of peaks 1–6 (abundance% of product-ions are given)

Peak no. 1 2 3 4 5 6

Identification Neoeriocitrin(1) (m/z) Isonaringin(2) (m/z) Naringin(3) (m/z) Hesperidin(4) (m/z) Neohesperidin(5) (m/z) Neoponcirin(6) (m/z)

[M−H2O+H]+ 579(3.9) 563(10.9) 563(7.7) 593(7.1) 593(8.0) 577(107)
[M−2H2O+H]+ 561(13.8) 545(4.0) 545(15.6) 575(16.0) 575(19.0) 559(15.0)
[M−3H2O+H]+ 543((16.9) 527(10.7) 527(19.5) 557(14.0) 557(21.2) 541(16.0)
[M−4H2O+H]+ 525(3.7) 509(1.1) 509(2.4) 539(2.7) 539(4.5) 523(4.2)
[Z1+H]+ 435(99.9) 419(99.9) 419(99.9) 449(99.9) 449(99.6) 433(99.9)
[Y1+H]+ 451(59.3) 435(33.6) 435(63.5) 465(23.9) 465(48.9) 449(51.2)
[Z1−H2O+H]+ 417(26.5) 401(18.0) 401(15.8) 431(28.4) 431(17.8) 415(25.5)
[Z1−2H2O+H]+ 399(22.4) 383(13.3) 383(23.0) 413(18.1) 413(16.3) 397(15.8)
[0,2X0+H]+ 331(19.4) 315(14.9) 315(45.6) 345(21.7) 345(32.7) 329(19.5)
[Y0+H]+ 289(43.6) 273(41.0) 273(38.0) 303(76.1) 303(66.4) 287(57.7)
[Y0−H2O+H]+ 271(21.7) – – 285(7.7) 285(12.0) –
[Y0−2H2O+H]+ 253(6.4) – – 267(1.7) – –
[Y0−C2H2O+H]+ 247(4.6) 231(1.1) – – – –
[A0−B-ring+H]+ 179(50.4) 179(1.1) 179(9.3) 179(62.1) 179(66.3) 179(27.0)
[1,3A0+H]+ 153(56.3) 153(99.9) 153(99.9) 153(26.2) 153(33.2) 153(99.9)
[1,4B−H +H]+ 163(99.9) 147(43.9) 147(38.0)
[
O )
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2
1,3B+H]+ 137(2.8) – 121(8.2)
thers 171(15.9) 171(14.6) 171(44.6

.3. Structural characterization of target compound

The total ion chromatogram (TIC) of treated sample of F.
urantii and standards hesperidin and naringin are shown in
cheme 4. Six target compounds were detected in TIC, the corre-
ponding MS information are listed in Tables 3 and 4 for further
tructural characterization. Because peak 3 and peak 4 have

dentical RT and MS information as standards naringin and hes-
eridin, respectively, peak 3 was identified as naringin and peak 4
as identified as hesperidin. The mass spectra of compound 5 are

hown in Scheme 5, which nearly has the same MS information

Scheme 4. LC/MS total ion chromatogram: (a) treated sample o

h
b
c

177(99.9) 177(99.9) 161(64.4)
151(5.3) 151(7.0) 135(22.9)
171(8.7) 171(16.4) 171(45.4)

s hesperidin, although the abundance of the same product-ions
s slightly different. Through those MS information, consulting
iteratures [18–20], compound 5 can be identified as neohes-
eridin. Similarly, compound 2 can be identified as isonaringin.
eanwhile, we find that the flavonoids with rutinose eluted prior

o the corresponding flavonoids with neohesperidose, which is
he same as those reported in literature [21].
f Fructus Aurantiii; (b) standards naringin and hesperidin.

The two isomeric pairs naringin and isonaringin as well as
esperidin and neohesperidn have alike structure and only differs
y the interglycosidic linkage type between the two monosac-
harides rhamnose and glucose. Hesperidin and isonaringin
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cheme 5. The mass spectra of compound 5: (a) first order spectrum of compou
pectrum of protonated aglycone of compound 5.

ontains rutinose ([rhamnosyl-(�1 → 6)-glucose]) but neohes-
eridin and naringin contains neohesperidose ([rhamnosyl-
�1 → 2)-glucose]) (see Table 1). The CID-MS patterns of the
somer pair are so alike that cannot be used to distinguish them.
nterestingly, there is little difference in the first order MS spectra
etween them. The relative abundance of Z1 and Y0 ions in iso-
eric pair are strikingly different. The �1 → 2 linkage between

he monosaccharides favors the elimination of the disaccharide
esidue to yield a protonated aglycone ion (Y0), Y0 > Z1. How-
ver, �1 → 6 linkage between the monosaccharides favors the
limination of the dehydrated glucose residue to yield a pro-
onated flavonoid mono-o-glycosides ion (Z1), Z1 > Y0. This
eature was reported in literaterure [12] as a tool to distinguish
he two most common interglycosidic linkage types between

hamnose and glucose, but the feature was observed in low-
nergy CID in their study. Using the same derivative process,
eak 1 and peak 6 can rapidly be identified as neoeriocitrin and
eoponcirin, respectively.

e
W
m
3

Scheme 6. CID-mass spectra of deprotonated molecule of hespe
(b) CID-mass spectrum of protonated molecule of compound 5; (c) CID-mass

.4. ESI(-)-MS analyse

In the structure analyse of flavonoid, spectra in positive ion
ode are most frequently used, for which shows more extensive

ragmentation than in negative ion mode. The fragmentation
ehaviors in negative ion mode are different, giving additional
nd complementary information. Though, in this study, the MS
ata obtained in positive mode have showed sufficient frag-
entation and given us enough information to characterize

he structure. The MS behaviors from negative ion mode pro-
ided additional information to differentiate the isomeric pair.
cheme 6 presents CID MS spectra for the deprotonated ion (m/z
09) of hesperidin and neohesperidin, respectively. As we can
ee from the spectra, the deprotonated molecule of hesperidin

xhibits the only predominant fragment [Y0−H]−(m/z 301).

hereas the deprotonated molecule of neohesperidin exhibits
ore fragments such as [0,2X1−H]−(m/z 489), [0,2X0−H]−(m/z

43), [0,2X0−H2O−H]−(m/z 325), [Y1−H]−(m/z 301). The iso-

ridin and neohesperidin: (a) hesperidin; (b) neohesperidin.
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Table 5
The ESI(-)-CID/MS spectra date of peaks 1–6 (abundance% of product-ions are given)

Compound Neoeriocitrin(1) Isonaringin(2) Naringin(3) Hesperidin(4) Neohesperidin(5) Neoponcirin(6)

[M−H]− 595 579 579 609 609 593
[0,2X1−H]− 475(1.0) – 459(99.9) – 489(8.4) 473(12.3)
[0,2X0−H]− 329(2.5) – 313(30.1) – 343(18.0) 327(22.6)
[0,2X0−H2O−H]− – – 295(2.9) – 325(13.5) 309(8.9)
[Y0−H]− 287(9.5) 271(99.9) 271(85.1) 301(99.9) 301(99.9) 285(99.9)

Table 6
The �a and �c values of those compound pairs of 9 times of experiments

1 2 3 4 5 6 7 8 9

�a(p3-1) 0.3139 0.2723 0.3056 0.2857 0.2970 0.3008 0.0779 0.3420 0.3240
�a(p6-5) 0.5258 0.4776 0.5327 0.5416 0.4654 0.5007 0.1490 0.5012 0.5243
�a(p3-2) 0.2109 0.2014 0.2024 0.2149 0.1887 0.2022 0.0948 0.2220 0.2082
�a(p5-4) 0.1998 0.1836 0.1949 0.2009 0.1872 0.2125 0.1097 0.2164 0.2158
�a(p4-2) 0.4965 0.4765 0.4614 0.4712 0.3994 0.4773 0.2233 0.4824 0.5105
�a(p5-3) 0.4854 0.4587 0.4539 0.4573 0.3980 0.4876 0.2382 0.4767 0.5181
�c(p3-1) 3.2154 3.0339 3.9361 2.7434 2.8538 2.9677 3.4055 2.9548 3.2557
�c(p6-5) 5.6615 5.3666 5.7043 5.3630 5.2192 5.2605 5.6733 5.0779 5.3052
�c(p3-2) 0.5264 0.3830 0.8490 0.2516 0.3473 0.3227 0.4381 0.3582 0.3354
�
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analysis (paired-samples t-test), in compound group 2, we find
the �a, �c and α values of compound pair p4-2 have no sig-
nificant difference with the corresponding values of compound

Table 7
The α value of those compound pairs of 8 times of experiments

1 2 3 4 5 6 7 8

α(p3-1) 1.89 1.87 1.87 1.87 1.87 1.87 1.87 1.87
α(p6-5) 4.00 4.00 4.00 4.01 4.00 4.00 4.01 4.02
c(p5-4) 0.4461 0.2648 0.6203 0.2409
c(p4-2) 0.6666 0.0661 1.2164 0.0234
c(p5-3) 0.5863 −0.0520 0.9877 0.0127

eric pair isonaringin and naringin have the same phenomenon
Table 5 list the CID-MS information of the deprotonated
olecule of compounds 1–6). This phenomenon was reported in

iterature [13]. As a characteristic marker, it provides a method
o differentiate the two most common interglycosidic linkage
ypes between rhamnose and glucose.

.5. Relationships between retention and structure

The constitute of Traditional Chinese Medicine (TCM) is so
omplex and can be divide into many species such as flavonoid,
lkaloid and organic acid, etc. However, constitute in each
pecies is still complex and can be subdivided into homoge-
ous components. The concept of homogenous component is
efined by us as compound with the same parent structure and
ifferent functionalities. The existence of the carbon number
ule was well known for homologous series—the logarithm of
etention factor log k has linear relationship with the number of
arbon. Therefore, we deduce there should exist a similar rule in
omogenous component. Namely, the retention parameters such
s a, c values have quantification relationship with the number
nd type of substituents in homogenous component.

It is easy to see from Table 1, six compounds detected in the
xtract of F. aurantii are homogenous components. Based on
tructural difference, those compounds can be divided into three
roups. Each group has four compounds and can be subdivided
nto two pairs further (some compounds belong to one more
roups synchronously based on structures). Group 1 contains

ompound pair p3-1 (naringin and neoeriocitrin) and compound
air p6-5 (neoponcirin and neohesperidin). The structural differ-
nce between compounds pair p3-1 is a hydroxyl group (OH),
hich also exists between compound pair p6-5. Group 2 includes

α

α

α

α

0.2536 0.3414 0.4817 0.3433 0.3605
−0.2070 −0.0310 0.1896 0.1403 0.1682
−0.3007 −0.0123 0.2332 0.1253 0.1934

ompound pair p4-2 (hesperidin and isonaringin) and compound
air p5-3 (neohesperidin and naringin). The structural difference
etween compounds pair p4-2 is a methoxyl group (OCH3),
hich also exists between compound pair p5-3. Group 3 includes

ompound pair p3-2 (naringin and isonaringin) and compound
air p5-4 (neohesperidin and nesperidin). Compound pair p3-2
nd compound pair p5-4 are two pair of isomers which have
ame aglycone and different disaccharide. We can see the struc-
ural difference between two compound pair within each group
s same.

The experiments to obtaining a, c values were repeated nine
imes and the experiments to obtaining value k were repeated
ight times. The �a (�a = a2 − a1), �c (�c = c2 − c1) and α

separation factor, α = (k2 − k1)/k1) values of compound pairs
3-1, p6-5, p4-2, p5-3, p3-2, p5-4 in each experiment were
alculated (Table 6 list the �a, �c value of the compound
airs in nine-time experiments; Table 7 list the α values of the
ompound pairs in eight-time experiments). Through statistic
(p3-2) 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
(p5-4) 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
(p4-2) 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41
(p5-3) 1.41 1.41 1.41 1.41 1.41 1.41 1.41 1.41
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[20] P. Swatsitang, G. Tucker, K. Robards, D. Jardine, Anal. Chim. Acta 417
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air p5-3. The same result exists between compound pair p3-
and compound pair p6-5 in group 3. Thus, we conclude that

he structural difference between homogenous compounds can
e reflected quantitatively by their retention parameters, that is
he same structural difference the same quantitative difference.
he �a, �c and α values of compound pair p3-1 have a sig-
ificant difference with the corresponding values of compound
air p6-5 in group 1, which do not accord with our conclu-
ion. We consider the mechanism for this phenomenon is that
he ortho-hydroxide radicals of aglycone of neoeriocitrin form
nner molecular hydrogen bond, which influence the retention
haracter of neoeriocitrin.

. Conclusions

In present study, the structures of six flavanone O-diglyco-
ides detected from the herb F. aurantii, were characterized
n the basis of a partial interpretation of ESI-MS spectra. Our
tudy demonstrated that the two most common (1,2- and 1,6-)
nterglycosidic linkages, e.g. flavonoid O-neohesperidosides
nd O-rutinosides can readily be differentiated on the basis of
he first order ESI(+)-MS spectral data. The �1 → 2 linkage
etween the monosaccharides favors the elimination of the
isaccharide residue and yields a protonated aglycone ion (Y0),
0 > Z1. However, the �1 → 6 linkage between the monosac-

harides favors the elimination of the dehydrated glucose
esidue and yields a protonated flavonoid mono-o-glycosides
on (Z1), Z1 > Y0. Meanwhile, the CID ESI(-)-MS spectra of
he deprotonated ion have a distinct difference between the iso-

eric pairs. The �1 → 2 linkage between the monosaccharides
roduces more fragments such as [0,2X1−H]−, [0,2X0−H]−,
0,2X0−H2O−H]−, [Y0−H]−. However, the �1 → 6 linkage
etween the monosaccharides produces the only fragment
Y0−H]−. Through these two characteristic markers, the
someric O-diglycosyl flavonoid pairs from the extract of F.
urantii can be readily differentiated. At the same time, the
etention parameters a, c and k were obtained through UPLC
xperiments and a CSASS software. The relationship between

tructure and retention parameters was discussed and we found
n a series of homogenous components, the difference of
tructures can be reflected quantitatively by their difference in
etention parameters.
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