
Solid-phase extraction cartridges among those usually used for
screening in horse doping analyses are tested to optimize the
extraction of harpagoside (HS), harpagide (HG), and 8-para-
coumaroyl harpagide (8PCHG) from plasma and urine. Extracts are
analyzed by liquid chromatography coupled with multi-step tandem
mass spectrometry. The extraction process retained for plasma
applies BondElut PPL cartridges and provides extraction recoveries
between 91% and 93%, with RSD values between 8 and 13% at
0.5 ng/mL. Two different procedures are needed to extract analytes
from urine. HS and 8PCHG are extracted using AbsElut Nexus
cartridges, with recoveries of 85% and 77%, respectively (RSD
between 7% and 19%). The extraction of HG involves the use of
two cartridges: BondElut PPL and BondElut C18 HF, with recovery
of 75% and RSD between 14% and 19%. The applicability of the
extraction methods is determined on authentic equine plasma and
urine samples after harpagophytum or harpagoside administration.

Introduction

Harpagophytum procumbens or zeyheri, also called
Windhoek’s root or Devil’s claw, is a medicinal plant from South
Africa, Namibia, and Botswana, introduced into Europe nearly a
century ago. Its secondary dried, cut, tuberous roots contain-
ing harpagophyton have been included in the French
Pharmacopoeia for about fifteen years.

Herbal preparations containing Harpagophytum, along with
other plants, are used for the prevention of inflammatory symp-
toms in competition horses and in the treatment of animals with
lameness. According to Andersen et al., Harpagophytum
procumbens acts by themigration of interleukins and leucocytes
to the painful and inflamed joint area and shows anti-inflamma-
tory, analgesic, and antiphlogistic properties (1). As a result of a
number of recent studies in rats and men, Harpagophytum is
proposed as a complementary treatment for chronic rheuma-

tisms, tendinitis, osteoarthritis, and arthritis (1–5).
Harpagophytum acts at themuscular level; therefore, sportsmen
use it to avoid or ease pain due to heavy effort.

Chemically, Harpagophytum contains a number of com-
pounds, especially iridoid glycosides like harpagoside, harpagide,
and 8-para-coumaroyl harpagide, which are displayed in Figure
1 (6). Apart from recent studies such as those by Seger et al. and
Baranska, there is little information in the literature on the anal-
ysis and extraction of these compounds from plants and biolog-
ical fluids (7,8). The usual scheme of drug screening in plasma or
urine involves several automated solid-phase extraction (SPE)
methods and/or liquid–liquid extraction (LLE) that cover a wide
range of drugs and metabolites (9,10). The analysis of the
extracts generally requires gas chromatography (GC) or liquid
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Figure 1. Chemical structures of harpagide (HG), harpagoside (HS), and
8-para-coumaroyl harpagide (8PCHG).
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chromatography (LC) coupled with mass spectrometry (MS).
Because LC–MS is known to be very sensitive to ion suppression,
it is important to eliminate the maximum of interfering com-
pounds during the extraction process.

SPE has been used for more than a decade and has evolved as
a powerful technique for the extraction of a wide range of drugs
from plasma and urine (11,12). It generally offers many advan-
tages over LLE, such as higher selectivity, better reproducibility,
and the possibility of using smaller sample volumes. Horse urine
is a complex matrix that blocks frequently polymeric materials
considered to be more resistant than silica (13). However, C18
bonded silica is still frequently used, especially for the extraction
of anabolic steroids, corticosteroids, and other drugs. According
to Wynne, a strong cation exchange or a mixed-mode (strong
cation exchange + non polar C8) cartridge can be used for the
screening of basic compounds of different polarities (14). To
reduce the cost of analysis, a single SPE has also been proposed
to prepare both an “acid-neutral” extract and a basic extract suit-
able for horse urine drug screening (15).

The aim of this study was to optimize the extraction of
harpagoside, harpagide, and 8-para-coumaroyl harpagide from
plasma and urine. An analytical method involving the coupling
of liquid chromatography with multi-step tandem mass spec-
trometry was developed; it was used to compare the recoveries
and selectivity of the different extraction procedures.

Experimental

Chemicals
HPLC-grade water was obtained by purifying water in a Milli-

Q filtration system (Millipore, Bedford, MA). HPLC-grade
methanol, n-hexane, acetonitrile, ethyl acetate, and ammonia
solution 30% were obtained from Carlo Erba (Milan, Italy);
diethyl ether and chloroform from Riedel-de Haën (Seelze,
Germany); isopropyl alcohol, acetic acid 100%, hydrochloric
acid 37%, phosphoric acid 84%, formic acid, and salts for buffers

from VWR (Paris, France); and methylene chloride from JT
Baker (Deventer, The Netherlands).

Harpagoside (HS) was supplied by Extrasynthèse (Genay,
France); harpagide (HG), and 8-para-coumaroyl harpagide
(8PCHG) were purchased from Phytolab (Hamburg, Germany).
Hydroxylidocaine (OHL), used as the internal standard for the
LC–MS quantitation, was synthesized at our laboratory (16,17).
Stock solutions of standards were prepared by dissolving the
selected analytes inmethanol; they were stored at 4ºC before use.

Harpadol from Arkopharma (Carros, France) and
Harpagophyt fromCTBEquitop (Le Perray, France), commercial
preparations containing Harpagophytum, were used for admin-
istration to horses.

Solid-phase extraction
SPE was performed with a Rapid Trace SPE workstation

(Zymark, Hopkinton, MA) equipped with 3-mL cartridges. C18
bonded silica BondElut C18 HF (500mg) from Varian (Palo Alto,
CA) and C8 bonded silica Isolute C8 (200 mg) from IST
(Glamorgan, UK) were tested as reverse phases. Polymeric sor-
bents, mostly polystyrene-divinylbenzene (PS-DVB) copolymers
such as Isolute ENV+ (50 and 100 mg) from IST, Oasis HLB (60
mg) fromWaters (Milford, CA), BondElut PPL (100 and 200mg),
and AbsElut Nexus (60 mg) from Varian were also used.
Extractions were also performed using other sorbents such as
covalently bond BondElut PBA (500 mg) from Varian or cation
exchange mixed-mode cartridges CSDAU 503 (500 mg) from
UCT (Bristol, UK), BondElut Certify (500 mg) from Varian and
Oasis MCX (60 mg) from Waters.

LC–MSn conditions
Extraction recoveries were determined by LC–MSn on a LCQ

Deca ion trap mass spectrometer coupled with a Surveyor MS
pump and a Surveyor autosampler (Thermo Electron, San Jose,
CA). The analytical column used was a Zorbax Eclipse XDB-C18
Solvent Saver Plus (3.5 µm, 150 × 3.0 mm) (Agilent
Technologies, Massy, France). Flow rate was of 300 µL/min with

a gradient of methanol and 0.1% aqueous
formic acid solution (pH 2.6): 10% methanol
0–2 min, 60% at 4 min, 80% at 5 min, 100%
from 10 to 15 min and 10% from 16 to 20
min. 10 µL of the sample were injected.

The mass spectrometer was operated in the
electrospray ionization (ESI) positive mode;
4.5 kV were applied to the ESI needle. The
flows of sheath and auxiliary gas were set at 80
and 10 arbitrary units, respectively. The
heated capillary temperature was maintained
at 200°C. Analytes were detected in the MSn
mode, with a qz factor of 0.25 for all precursor
ions. Table I gives themain parameters associ-
ated with the collision-induced dissociation
(CID) step for each compound of interest. Our
laboratory is subject to AORC (Association of
Official Racing Chemists) guidelines, which
prescribe minimum criteria for the identifica-
tion of analytes (18,19). These minimum cri-
teria imply at least 3 characteristic ions with

Table I. MSn Parameters for Detection of HG, HS, and 8PCHG with the LCQ
Deca Mass Spectrometer

Analyte HG HS 8PCHG
Parent ion (m/z) 387.0 517.1 533.1
Isolation width (m/z) 1.0 1.0 1.8
Collision energy (%)* 26.0 23.5 23.5
m/z scanning range 180.0–400.0 200.0–530.0 200.0–550.0
Main fragment ions 369.0 (40)–207.0 517.0 (40)– 533.0 (70)–
(m/z) and relative (100) 203.0 (60) 369.0 (100) 369.0 (100)
abundances (%)
Parent ions (m/z) 369.0 369.0
Isolation width (m/z) 1.0 1.0
Collision energy (%)* 21.0 22.0
m/z scanning range 200.0–380.0 200.0–380.0
Main fragment ions (m/z) 369.0 (100)– 369.0 (30)–
and relative abundances (%) 351.0 (80) 351.0 (100)

* Arbitrary units.

MS2

MS2



relative abundance ≥ 10% in the full scan spectrum. If these con-
ditions cannot be fulfilled, the AORC rules allow the use of two
complementary techniques such as full scan MS2 and full scan
MS3. Each technique must involve at least two characteristic
ions. Thus, the detection of HG was performed in MS2, while HS
and 8PCHG had to be detected in MS2 andMS3 because MS2 pro-
vided insufficient structural information (only one daughter ion)
for both analytes (20).

The LCQ Deca MS provided detection limits low enough to
quantitate the relatively large amounts of analytes resulting
from the extraction of spiked samples. This instrument was suit-
able for the first step of this study devoted to the comparison of
recoveries of different cartridges. However, our initial results
showed that the analytical performances required for detecting
the analytes at their observed concentrations in horse biological
fluids would require a better sensitivity (20). A column with 1.8
µm particles was tested to enhance sensitivity but was not
retained because it provided chromatographic peaks too narrow
to be well plotted given the scan rate of the MS. A LC–MSn LTQ
linear ion trap MS (Thermo Electron) coupled with an Agilent
1100 Series binary pump, standard autosam-
pler, vacuum degasser and a thermostated
column compartment (Agilent, Palo Alto, CA)
was thus used to quantitate the analytes
during the validation step of the selected
extraction method. The LC method was sim-
ilar to the one described previously, but the
flow rate was set to 400 µL/min instead of 300
µL/min. The column was equipped with a
Zorbax Eclipse XDB-C18 (5 µm, 12.5 × 4.6
mm) analytical guard column and a 0.5 µm
high pressure frit.

The mass spectrometer was operated in the
ESI positive mode, and 4.5 kV were applied to
the ESI needle. The flows of sheath and auxil-
iary gas were set at 40 and 5 arbitrary units,
respectively. The capillary temperature was
maintained at 350°C. The qz factor was set to
0.25 for all MSn experiments. Table II gives

the main parameters associated with the CID step for each com-
pound of interest. OHL, used as internal standard, was detected
in selected reaction monitoring (SRM) mode using one transi-
tion. The detection of HG was performed in full scan MS2,
whereas the detection of HS and 8PCHG was performed in full
scan MS3. Quantitation was carried out in the consecutive reac-
tion-monitoring (CRM) mode on two consecutive transitions.
CRM is a very selective mode, similar to SRM in MS3.

Extraction procedure

Plasma
Three milliliters of plasma (from 4 to 10 sample pool) were

diluted with 2.5 mL of water, and 200 ng of standards in
methanol (20 µL) were added. The mixture was centrifuged for
30 min at 3000 g. The supernatant was transferred to a clean
tube and 2 mL of water were added. SPE was then automatically
performed following the procedures detailed in Table III.
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Table II. MSn Parameters for Detection of OHL, HG, HS, and 8PCHG with the LTQ Mass
Spectrometer

Analyte OHL HG HS 8PCHG
Mode SRM MS2 CRM CRM

Parent ion (m/z) 251.1 387.1 517.1 533.1
Isolation width (m/z) 1.0 1.4 1.7 1.7
Collision energy (%)* 30.0 25.0 25.0 25.0
Parent ion (m/z) 369.1 369.1
Isolation width (m/z) 1.3 1.3
Collision energy (%)* 25.0 25.0
m/z scanning range 85.5–86.5 180.0–400.0 350.6–351.6 350.6–351.6
Main fragment ions 86.0 269.0 (40)– 351.1 351.1
(m/z) and relative 207.0 (100)
abundances (%) 203.0 (60)

* Arbitrary units.

MS2

MS3

Table III. Procedures to Perform SPE on Plasma Samples

Cartridge Conditioning Washing / Drying Elution Ref.

(a) Oasis HLB MeOH 2 mL H2O 3 mL MeOH/EtOAc (50/50) 3 mL
H2O 2 mL MeOH/H2O (30/70) 3 mL

drying 3 min
n-hexane 3 mL
drying 3 min

(b) Isolute ENV+ MeOH 3 mL H2O 3 mL MeOH/CH3CN (50/50) 3 mL (21)
H2O 3 mL drying 5 min

(c) AbsElut Nexus MeOH 2 mL H2O 3 mL CH2Cl2/iPrOH (80/20) 3 mL (22,23)
H2O 2 mL MeOH/H2O (30/70) 3 mL

drying 5 min
(d) Focus Cf.(b) Isolute ENV+
(e) BondElut PPL MeOH 6 mL H2O 3 mL MeOH/CH3CN (50/50) 3 mL (23–25)

H2O 12 mL drying 8 min
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Urine
The tests on urine extraction were performed with a mixture

of 6 to 12 individual urine collections in order to obtain a repre-
sentative matrix. As a matter of fact, the great variability of the
matrix composition, especially in the case of urine, can signifi-
cantly influence recovery ratios. The composition of equine
urine depends of the horse being considered. Indeed, it is
strongly correlated to several factors such as feed, time of collec-
tion, season, exercise, and pH which may vary between 4.5 and
10 (26).

Fivemilliliter urine samples were spiked with 200 µL of a stan-
dard solution at 10 ng/µL (i.e., 2 µg), and 2 mL of appropriate
buffer were added (the pH was adjusted according to the car-
tridge tested). The sample was centrifuged at 3000 g for 30 min
before SPE, in accordance with the procedures detailed in Table
IV.

Solid-phase extraction
SPE was performed with a Rapid Trace workstation. Drying

was done with a nitrogen flow. Conditioning was performed at 6
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Table IV. Procedures to Perform SPE on Urine Samples

Cartridge pH Conditioning Washing / Drying Elution Ref.

(f) BondElut C18 HF 9.2 MeOH 5mL H2O 5mL CH2Cl2/iPrOH80/20 3 mL (23)
H2O 5mL drying 3 min

n-hexane 3 mL
drying 3 min

(g) Isolute C8 7.1 MeOH 5mL H2O 3mL CHCl3 3 mL
H2O 5mL drying 3 min

n-hexane 3 mL
drying 3 min

(h) CSDAU 503 6.1 MeOH 2mL CH3CO2H 1M 1mL EtOAc/NH4OH98/2 2 mL (27–29)
PO4 buffer - pH 6.1 2 mL drying 5 min MeOH 3mL

drying 3 min
(i) BondElut Certify Cf. CSDAU 503
(j) Oasis MCX 6.1 MeOH 2mL HCl 0.1M 2mL CH3CN/iPrOH/ 2 mL

NH4OH 40/60/4
H2O 2mL drying 5 min

MeOH 2mL
drying 3 min

(k) BondElut PBA* 8.6 H3PO4 2M in MeOH 6mL SO3(NH4)2 3mL MeOH/H2O/ 8 x 3mL
buffer - pH 8.4 CH3CO2H 90/5/5

H2O 6mL
SO3(NH4)2 6 mL
buffer - pH 8.4

(l) Isolute ENV+ 7.1 MeOH 2mL MeOH/H2O5/95 3 mL MeOH/H2O 80/20 2x2.5mL (21)
H2O 2mL drying 3 min

(m) Oasis HLB 8.0 MeOH 2mL H2O 3mL CH2Cl2/iPrOH80/20 3 mL
H2O 2mL MeOH/H2O30/70 3 mL

drying 3 min
n-hexane 3 mL
drying 3 min

(n) BondElut PPL 7.4 MeOH 6mL H2O 3mL MeOH/CH3CN50/50 3 mL (23-25)
H2O 12 mL drying 8 min

(o) AbsElut Nexus 7.5 Cf. (m) Oasis HLB (22,23)
(p) BondElut C18 HF 7.5 MeOH 5mL H2O 1mL

H2O 5mL
The pool of the loading and washing fractions was then extracted on the second cartridge

BondElut PPL Cf. (n) BondElut PPL
(q) BondElut PPL 7.5 Cf. (n) BondElut PPL

After evaporation, the residuewas dissolved in 100 µL ofMeOH towhich 3mL of H2O had been added
BondElut C18 HF MeOH 6mL drying 5 min MeOH/H2O 50/50 3 mL

H2O 6mL n-hexane 4 mL
drying 3 min
MeOH/H2O30/70 3 mL

* Loading step at 0.3 mL/min (0.8 mL/min in all other cases).

+

+
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mL/min, loading at 0.8 mL/min, rinsing at 3 mL/min, and col-
lecting at 0.8 mL/min. Solvents used for these steps are detailed
in Tables III and IV. After extraction, samples were evaporated to
dryness at 48°C with a TurboVap LV Evaporator (Zymark). The
residual extract was reconstituted in 200 µL of a 50/50/0.1
MeOH/H2O/HCO2H mixture and analyzed by LC–MSn.

Extraction recoveries
Apparent extraction recoveries

In what follows, the term “apparent extraction recovery” is
used for an extraction recovery estimated by comparing the
chromatographic signal obtained for the plasma or urine extract
to the one obtained for the standard solution in the same solvent.
This “apparent extraction recovery” takes into account the “real
extraction recovery”, which does not include the matrix effect
affecting LC–MS analysis; it provides information on the selec-
tivity of the entire method.

Real extraction recoveries
Accurate determination of real extraction recoveries would

require performing quantitation with internal standards corre-
sponding to labeled analytes, but such standards are not avail-
able. Real extraction recoveries of HG, HS, and 8PCHG were
determined using OHL as the internal standard. This measure-
ment was performed on twelve different biological samples
according to the following procedure. Three 1 mL aliquots of
non-spiked samples, one 1 mL aliquot spiked with x ng of stan-
dards, and one 1mL aliquot spikedwith 10x ngwere extracted on
the selected SPE cartridges (x is equal to 0.5 for plasma and 2 for
urine). After extraction, x ng of standards were added to one of
the non-spiked samples; 10× ng to another one. For HG in urine,
2 additional samples fortified after the first extraction were used
in order to determine the real extraction recoveries for each SPE
cartridge. 2.5 ng of internal standard were added to each one of
the extracts. The extracts were then evaporated to dryness and
reconstituted in 25 µL of methanol and 175 µL of acidified water
(0.1% of formic acid) before analysis by LC–MSn on the LTQ

mass spectrometer. The absence of analyte
chromatographic peaks was checked in the
blank sample.

Results and Discussion

For each cartridge, different elution sol-
vents among those currently used for SPE
were tested. In order to optimize extraction
procedures (i.e., to get an acceptable
recovery), all the solvent fractions were col-
lected for the determination of appropriate
volumes. Only the best results are presented
in the following.

Plasma

Comparison of SPE cartridges
In order to select an appropriate cartridge

for the extraction of these compounds in
plasma, different sorbents were tested for
plasma extraction, and apparent extraction
recoveries are given in Table V. Oasis HLB
(cartridges routinely used in our laboratory)
were first tested, then Isolute ENV+, a sorbent
developed for environmental purposes and
able to retain very polar analytes. Other mod-
ified PS-DVB copolymers were also tested (i.e.,
AbsElut Nexus, Focus, and BondElut PPL),
and BondElut PPL was selected.

Further optimization on the plasma
extraction procedure with PPL BondElut
cartridges

The results previously mentioned indicate
that both Isolute ENV+ and BondElut PPL
cartridges allow the simultaneous extraction

Table V. Apparent Extraction Recoveries in Plasma Using Different SPE
Cartridges

Cartridge Extraction Apparent extraction Comments
method* recoveries† (%)

HG HS 8PCHG

Oasis HLB (a) nd‡ 83 60 The apparent extraction
recoveries obtained for HS
and 8PCHG are acceptable
but HG is not sufficiently
retained on the cartridge.

Isolute ENV ± 50 mg (b1) 54 64 72 The sorbent (hydroxylated
PS-DVB copolymer) allows

Isolute ENV ± 100 mg (b2) 55 67 68 the extraction of the three
molecules in plasma.

AbsElut Nexus (c) nd 56 39 HG is not retain on the
sorbent (modified PS-DVB
copolymer) and is eluted as
soon as the sample is
loaded on the column.

Focus (d) nd 81 69 The apparent extraction
recoveries obtained for HS
and 8PCHG are acceptable
but HG is not retained on
this sorbent (modified PS-
DVB copolymer).

BondElut PPL–100 mg (e1) 86 85 69 The sorbent (modified PS-
DVB copolymer) allows the
extraction of the three

BondElut PPL–200 mg (e2) 100 102 96 molecules in plasma with
great apparent extraction
recoveries.

* Extraction methods are detailed in Table III.
† Apparent extraction recoveries were calculated on at least 3 plasma samples.
‡ nd: not detected.



of the three analytes. The BondElut PPL (200 mg) was selected
for further optimization because it provided the best apparent

extraction recoveries (25% greater for 8PCHG and 15% greater
for HG and HS than the 100 mg BondElut PPL cartridge).

Influence of the volume of plasma
Different volumes of plasma (at 2 ng/mL in

each analyte) from 1 to 5 mL were submitted
to the extraction procedure. Figure 2 shows
that, for HG and HS, the extracted quantities
are proportionally correlated to the plasma
volume loaded on the cartridge in the consid-
ered range. For 8PCHG, saturation of the sor-
bent is observed for volumes greater than
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Table VII. Apparent Extraction Recoveries in Urine Using Different SPE Cartridges

Sorbent type Cartridge Extraction Apparent extraction Comments
method* recoveries† (%)

HG HS 8PCHG

Reverse Phase BondElutC18HF (f) nd 47 21 HG is not detected and the apparent
extraction recoveries obtained for HS and 8PCHG
are insufficient.

Isolute C8 (g) nd 52 25

Mixed-Mode CSDAU 503 (h) nd nd – The very poor apparent extraction recoveries show
that the considered analytes are not ionisable and
only the hydrophobic interactions are involved in
the retention process. There is no result for 8PCHG
since this analyte was not available when these
tests were performed.

BondElut Certify (i) nd 5 –
Oasis MCX (j) nd 15 –

Covalent bonded BondElut PBA (k) Unlike with the other sorbent tested, the problem
concerns analyte releasing: elution required too
large amounts of solvent (29).

Non-polar copolymer Isolute ENV+ (l) nd 40 32 Comparison with apparent extraction recoveries
obtained for plasma on Isolute ENV+ and BondElut
PPL suggests that ionic suppression may be
responsible of the non detection of HG in urine.
Oasis HLB and AbsElut Nexus cartridges provide
correct apparent extraction recoveries for HS and
8PCHG.

Oasis HLB (m) nd 63 47
BondElut PPL (n) nd 22 21
AbsElut Nexus (o) nd 68 45

Association of cartridges C18 HF + PPL (p) – – The apparent extraction recovery of a urine
fortified with HG before the BondElut PPL extraction
is 90%, then the BondElut C18 HF cartridge is able
to retain interferences responsible for ionic
suppression.

PPL + C18 HF (q) 24 – – The elution fraction from the BondElut PPL contains
less matrix interferents than urine and can be well
extracted on a BondElut C18 HF cartridge.

* Apparent extraction recoveries were calculated on at least 3 urine samples.
† Extraction methods are detailed in Table IV.

Table VI. Real Extraction Recoveries of Analytes from Plasma Using BondElut
PPL Cartridges (Mean Values for Extracts from 12 Different Samples)

HG HS 8PCHG

Spiked 0.5 5 0.5 5 0.5 5
concentrations (ng/mL)

Recoveries (%) 92 92 93 88 91 94

RSD (%) 8 8 8 7 13 7
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2.5 mL. A 1mL sample volume was retained for routine analysis,
but these tests showed that the sample volume could be
increased to 2.5 mL in case of a lack of sensitivity of the LC–MS
system.

pH adjustment
In most extraction procedures, plasma samples are acidified

with phosphoric acid (100 µL H3PO4 84% diluted 1/5 for 3 mL of
plasma) to denature binding proteins (30). In our study, tests
were carried out on post-administration samples; they showed
that apparent extraction recoveries are not significantlymodified
(less than 10%) according to the sample pH, whichwas either pH
3 after addition of phosphoric acid or pH 7.5 in normal plasma.
Consequently, the acidification step was removed from the
extraction procedure of HG, HS, and 8PCHG.

Selectivity and limits
As shown in Figure 3, no interfering peak is observed around

the expected retention time of HS. Results are fully comparable
for HG and 8PCHG.

The linearity range was defined up to 200 ng/mL. The limit of
detection (LOD) and the limit of quantitation (LOQ) measured
on the LCQ Deca ion trap MS were less than 0.2 ng/mL in
plasma.

Real extraction recoveries of the selected method
Table VI gives the real extraction recoveries and RSD (relative

standard deviation) for the three analytes in the spiked plasmas.
The results are satisfying, because recoveries are between 91%
and 93% at 0.5 ng/mL and between 88% and 94% at 5.0 ng/mL,
with RSD values between 8% and 13% at 0.5
ng/mL and 7 to 8% at 5.0 ng/mL.

Urine

Comparison of SPE cartridges
Several cartridges tested for plasma (i.e.,

isolute ENV+, Oasis HLB, BondElut PPL, and
AbsElut Nexus) were also tested for urine.
Additionally, BondElut C18 HF (routinely
used in our laboratory) Isolute C8, several
mixed-mode cartridges such as BondElut
Certify or Oasis MCX, and covalent bonded
sorbent BondElut PBA were also performed.

These different cartridges tested for urine
extraction are given in Table VII with the
apparent extraction recoveries determined for
each analyte. Results are commented in Table
VII for each kind of cartridge.

Final optimization of the extraction
procedure with AbsElut Nexus cartridges

AbsElut Nexus and Oasis HLB cartridges
allowgoodapparent extraction recoveries forHS
(65%) and 8PCHG (45%) from urine. Although
both cartridges provided similar recovery ratios,
the AbsElut Nexus was chosen because it led to

cleaner extracts. The specific surface area of AbsElut Nexus (650
m2/g), inferior to that of theOasisHLB (830m2/g), can explainwhy
fewer matrix interferents are retained on the sorbent during the
washing steps and finally desorbed during the elution step.

In order to improve the extraction efficiency, the influence of
the sample volume and the pH adjustment was studied.

Volume adjustment
Different sample volumes (at a concentration of 10 ng/mL in

analytes) in the range from 250 µL to 5 mL were extracted fol-
lowing the procedure previously described, with a constant
loading volume of 10 mL. Figure 4 plots the chromatographic

Table VIII. Real Extraction Recoveries of Analytes from Urine (Mean Values
for Extracts from 12 Different Samples)

HG HS 8PCHG
Extraction cartridge PPL + C18 Nexus Nexus

Spiked 2 20 2 20 2 20
concentrations (ng/mL)

Recoveries (%) 75 74 86 84 78 75

RSD (%) 19 14 7 12 8 19

Table IX. Detection of HG, HS, and 8PCHG in Equine Plasma and Urine after
Administration of Harpagoside or Related Commercial Products

Plasma* Urine†

HG HS 8PCHG HG HS 8PCHG

EXP 1‡ – + – – + +
EXP 2‡ + + + – + +
EXP 3‡ + + + – + +
EXP 4‡ – + – – + –
EXP 5‡ – + – – + –

* 2 Hours after administration.
† 10 Hours after administration.
‡ EXP 1: 2 doses of Harpagophyt; EXP 2: 16 capsules of Harpadol; EXP 3: 32 capsules of Harpadol; EXP 4: 120 mg of
harpagoside; EXP 5: 600 mg of harpagoside.

Figure 2. Influence of plasma volume on chromatographic peak area (mea-
sured with the LTQ mass spectrometer). All samples were spiked at 2 ng/mL
in each analyte.
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peak areas of HS and 8PCHG, reported to that of the internal
standard, OHL, as a function of the urine volume. In both cases,
the decrease of the chromatographic response may be attributed
to the ion suppression effect during electrospray ionization. This
illustrates the strong importance of the cleanness of extracts for
the compounds of interest. As a good compromise for both ana-
lytes, a convenient sample volume of 1 mL was retained for
further analysis.

pH adjustment
The adjustment of pH is determinant in the cleaning of the

extracts (Figure 5). Extractions were achieved on 1 mL of blank
urine. The samples were adjusted to different pH in the range

from 4.5 to 9.5. They were spiked with 10 ng of HS and 8PCHG
after extraction, so that the amounts of analytes are the same in
all samples; the variations observed are thus only due to ion sup-
pression. At pH below 6.5, the matrix effect is very strong for
both HS and 8PCHG.

The same experiment was conducted with spiked urine at 10
ng/mL and the results obtained are comparable to those previ-
ously described. The real extraction recoveries were estimated;
they are constant on the pH range from 4.5 to 9.5 (70 and 65%
for HS and 8PCHG, respectively). A pH between 7.5 and 9 allows
reproducible results to be obtained without strong ion suppres-
sion. In the developed method, the pH was set to 7.7 ± 0.1,
because it is an easy value to reach in urine with a phosphate
buffer.

Selectivity and limits
Figure 6 compares the chromatographic profiles (MS3 detec-

tion) obtained from a blank urine extract and from an extract of
urine spiked with HS at 10 ng/mL before extraction. As shown in
Figure 6, no interfering peak was observed in the expected reten-
tion time window of HS. Results are comparable for HG and
8PCHG (not shown).

The linearity range was defined up to 200 ng/mL. The mean
LOD and LOQ of thismethod were estimated at about 0.2 and 0.5
ng/mL in urine, respectively, but these values are matrix-depen-
dent.

Real extraction recoveries of the selected methods
After having selected and optimized the extraction methods

(o) and (q), the real extraction recoveries were determined for
HG, HS, and 8PCHG.

Table VIII shows the real extraction recoveries for HG for the
completemethod. Extraction recoveries are acceptable: 75% at 2
and 20 ng/mL, with RSD values between 14 and 19%. RSD values
are slightly high but acceptable considering the complexity of
the matrix. Real extraction recoveries were determined for each
cartridge, giving 90% for the BondElut PPL (in accordance with
recoveries observed for plasma) and 83% for the BondElut C18

HF. A loss of 7% is imputable to the rinsing step
with BondElut C18 HF. It is to be noted that
mixing both fractions before analysis induced
an ion suppression effect so strong that HG
became difficult to detect Table IV.

The real extraction recoveries of HS and
8PCHG are reported in Table VIII. There is no
significant difference between samples at 2
ng/mL and samples at 20 ng/mL. Extraction
recoveries are satisfying: 85 and 77% for HS
and 8PCHG, respectively, with RSD values
between 7 and 19%.

Application of the methods to post-
administration samples

The methods previously selected for plasma
and urine were applied on each medium col-
lected from horses dosed with harpagoside or
related commercial products, further to five
different experiments. The three compounds

Figure 3. Selectivity of harpagoside in plasma. Extracted ion mass chro-
matograms atm/z 369,m/z 351, andm/z 203, corresponding to the harpago-
side fragmentations in the MS3 mode on the LTQ mass spectrometer,
obtained from (A) 1 mL of blank plasma, and (B) 1 mL of plasma spiked at 2
ng/mL. (C) Mass spectrum of harpagoside.

Figure 4. Influence of urine volume on chromatographic peak area (measured with the LTQmass spec-
trometer). All samples were spiked at 10 ng/mL in each analyte.

A B
C

Time (min) Time (min) m/z
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were identified in post-administration samples (Table IX). HS
was detected in all the 2 hour post-administration plasma sam-
ples and in the 10 hour post-administration urine samples. HG
and 8PCHG were detected in some urine samples and HG was
detected in two plasma samples. The identification criteria were
those described in Table II and Figures 3 and 6. Additionally, HS
was quantitated using themethod of standard additions, and fur-
ther details are given elsewhere (20).

Conclusion

The combination of SPE with LC–ESI-MSn provided an effi-
cient and sensitive method for the detection of harpagoside, 8-
para-coumaroyl harpagide, and harpagide in equine plasma and
urine. This is the first report on an extraction method for the
detection of these compounds in biological fluids by LC–MS.
Among all the cartridges tested, the BondElut PPL was selected

for the detection of harpagoside, 8-para-
coumaroyl harpagide and harpagide in plasma,
the AbsElut Nexus cartridge for the detection of
harpagoside and 8-para-coumaroyl harpagide
in urine, and the combination of BondElut PPL
and BondElut C18 HF was proposed for the
detection of harpagide in urine. These methods
requires 1 mL of plasma or urine. Each extrac-
tion can be fully automated and requires
approximately 45 min, which makes possible
the analysis of a sample set within one day. This
is applicable on a large scale. Further experi-
ments have shown that quantitation of HS is
possible using the method of standard addi-
tions.

Thanks to the recent development of solid-
phase sorbents, several extraction methods
tested here could be applicable for the detection
of other polar related compounds in biological
fluids.
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