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Abstract

Ephedra sinica(Ma Huang) preparations have recently gained a lot of attention because of serious side effects associated with their
prolonged consumptiorCitrus aurantiumvar. amarais now used as an alternative, despite the fact that similar side effects are suspected.
We have developed and validated the first analytical procedure for the simultaneous determination of all major alkaloids from both species.
Using the ion-pairing reagent SDS, a C-18 stationary phapen(8aterial) and a pH-gradient for elution enabled the baseline separation
of six alkaloids ((4)-octopamine, (+)-synephrine, tyramine, (—)-norephedrine, (+)-pseudoephedrine and (—)-ephedrine) within less than
30 min. The method is sensitive (LOP4.6 ng and LOG< 16.2 ng on-column), selective (L-tyrosine anghenylalanine, two closely related
amino acids did not interfere), accurate (recovery rates of spiked samples were between 97.5 and 102.0%), repgatdt8éojoand
precise (intra-day variatior7.7%, inter-day variation<7.0%). Without the need of a special sample treatment different matrices (plant
material, commercial products) were successfully analyzed for their alkaloid content. Dominant alkaloids were (—)-ephedrine (0.9-1.6%)
and/or ()-synephrine (0.1-3.0%). Whether a product contaiipebdra-alkaloids or not could be determined in all investigated samples
unambiguously.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction thus they act as sympathomimetic stimulants; they are clin-
ically used for the treatment of asthma, anaphylactic reac-
In April 2004 the Food and Drug Administration prohib- tions or hypotensiofd]. Fruits of Citrus aurantiumL. var.
ited the sale oEphedracontaining dietary supplements in amara(Rutaceae; vernacular name: bitter orange) also con-
the US[1]. Using these products for longer periods of time tain adrenergic amines ((+)-octopamine (1), (£)-synephrine
(e.g. for weight loss) can cause serious adverse health out{2), tyramine (3)); they too function as- and 3-agonists,
comes (heart ailments, strokes); alkaloids are responsible forbut do not increase the diastolic blood presggfeAfter the
these side effect®,3]. recent ban of Ma Huang in the US many products for weight
Major alkaloids inE. sinica Stapf (Ephedraceae; ver- loss and bodybuilding now contaf® aurantiumextracts in-
nacular name: Ma Huang), a shrub-like plant distributed stead.Although no directadverse events have been associated
from Northern China to Inner Mongolia, whose dried, green with their ingestion thus far, they also should be used with
haulms are medicinally used, are (—)-norephedrine (4), (+)- caution because of suspected cardiovascular side effects and
pseudoephedrine (5) and (—)-ephedrineif; 1). The com- possible interferences with CYP P450 enzyrfds
pounds are structurally closely related to catecholamines, Several analytical techniques utilizing i.e. HPIZ-9],
CE [10], CEC[11], GC [12] or 'H-NMR [13] have been
* Corresponding author. Tel.: +43 512 507 5307; fax: +43 512 507 2039, '€ported for the determination &. sinicaor C. aurantium
E-mail addressmarkus.ganzera@uibk.ac.at (M. Ganzera). alkaloids. For LC separations the use of ion-pairing reagents
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Fig. 1. Structures of the main alkaloids @ aurantiumvar. amara(1-3) andE. sinica(4-6), together with the amino acids tyrosine (A) and phenylalanine

(B).

(such as SDS) or cation exchange columns is often describedtrated hydrochloric acid, sodium dodecyl sulphate (SDS))

Despite the number of available methods (especially for Ma were of analytical grade and came from Merck (Vienna, Aus-

Huang), none of them except one describe the simultane-tria).

ous analysis of the alkaloids from both species. This re-  Plant material (E. sinicherb,C. aurantiumvar. amara

cently published method enables the determination of the peel) was purchased frondgl Pharmaceuticals (Innsbruck,

majorEphedraalkaloids and synephrine in commercial prod- Austria), commercial products were boughtin 2001 and 2003

ucts, but it requires a complicated sample clean-up by HPLC from Nutrimart (Diamond Bar, CA, USA) via the internet.

column-switching, not readily available in many laboratories Voucher specimens of all samples are deposited at the De-

[14]. partment of Pharmacognosy, University of Innsbruck.

With reduction of weight being a profitable market seg-

ment (interesting for fraud), validated methods for a simple, 2.2. Sample preparation

fast and simultaneous determination of all relevant alkaloids

in C. aurantiumandE. sinicaare essential to assure quality Samples (500mg of a product or 1.00g of the finely

and safety of commercial products. Thus we developed anpowdered plant material) were extracted three times with

HPLC-method fulfilling these requirements. 3ml 0.37% hydrochloric acid (concentrated hydrochloric
acid/water =1/99; v/v) by sonication at ambient temperature
for 10 min. After centrifugation (10 min at 3000 rpm), the ex-

2. Experimental tracts were combined in a 10 ml volumetric flask and filled
up to the final volume with extraction solvent. Prior to use,
2.1. Materials all samples were filtered through a 048 nylon membrane

filter (SRP 15, Machery Nagel,iben, Germany).
All standard compounds (purity98%) used in this study
represent the naturally occurring isomers or racemic mix- 2.3. Calibration
tures, and were purchased from Sigm&(B, 5, 6) or Aldrich
(4; St. Louis, MO, USA). Solvents (acetonitrile, methanol, An amount of 10 mg of each compoudd6 was placed
water) and reagents (concentrated phosphoric acid, concenin a 10 ml volumetric flask and dissolved in methanol (stock
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Table 1 Table 2
Calibration data for compounds-6, including regression equation, rel- Intra- and inter-day precision of developed assay, if sample | is extracted
ative standard deviation of slope £8), correlation coefficient @ and and assayed five-fold per day on three consecutive days (valuggit?,

limit of detection and quantitation (LOD and LOQ, respectively; values in relative standard deviation in parentheses)
nanograms on-column)

Compound Intra-day (n5) Inter-day (n=3)
Regression equation oy Of slope  R? LOD LOQ
Day 1 Day 2 Day 3

1 y=1.49E—-5X+0.472 6.5 1.0000 4.6 16.2
2 y=138E-5%-0010 43 09999 23 8.0 1 26.7(7.7) 27.0(6.0) 27.0(4.1) 26.9(0.6)
3 y=.40E-5X-0.250 6.0 09999 23 go 2 851(3.9)  847(45)  956(42)  885(7.0)
4 y=125E-5%-2782 3.2 0.9998 23 8.0 5 98.0 (1.6) 96.8 (1.1) 92.9(1.0) 95.9 (2.8)
5 y=135E-5X 0165 2.8 09999 23 8.0 6 456.0 (0.5) 451.8(1.4) 466.9(1.0) 458.2(1.7)
6 y=1.29E-5X-0.709 5.0 0.9999 2.3 8.0

Limit of quantitation (S/N ratio of 10) and limit of detec-

solution). Beginning with this solution, five additional cal- tion (S/N ratio of 3) were determined by serial dilution of

ibration levels were prepared by a 1:2 serial dilution with sta;ciaéd SO|utI0n|S contilnlﬂgfsnld de$rg?'nid to bi16.2t
methanol. Standard solutions were stable for atleast 30 days jnd .5 Ng on-co umn (1) and below (Table 1), peak purity

stored at 4C (confirmed by re-assaying the solution). Within  \*o> confi_rmed by using t_he "peak purity evaluation” option
the range of E:oncentratio?:s injecte{j (%_1_1@07“,1)) the included in the Chemstation software package. Based on the

detector response was linear; Sedle 1for combined cali- isnptehcetr:zilrlr?fcl)émcﬁ:g)r?u?tt()h?gris(li?vilrge-?gltjar?é ‘2')' ézlz\;aen;fﬂ?nakj_
bration data (limits of quantitation and detection were deter- P 9 P

mined by serial dilution and calibration curves were gen- rities (threshold value set to 975). Accuracy was determined

erated by linear regression based on peak area). All databy spiking sample 1l (500mg each) with three concentra-

were recorded and processed by Chemstation software Revgggzy(: dtﬁi dsé?r;?)zﬁi;gg]cpoonu dr;gcfh;h;nzprlcla(ggvz;aﬁgltiz \(Ié:rtz
A09.01 (Agilent, Waldbronn, Germany). not shown in detail) were between 97.5 and 102.0%.
_ Precision (intra- and inter-day) of the assay was verified
2.4. Analytical method by analyzing sample | five-fold on three consecutive days;
. ) for detailed results seEable 2. Repeatability was confirmed
Analytical experiments were performed on a HP py evaluating consistency of retention times and standard de-
1100 HPLC system, equipped with photodiode array de- yjations. Retention times shifted only marginally and a max-

tector, autosampler and column heater (Agilent, Wald- jmyum relative standard deviation of 4.6% was observed for
bronn, Germany). A HyperClone C18 BDS 1 column yiplicate injections (Table 3).

(100 mmx 4.6 mm, 3um particle size) from Phenomenex

(Torrance, CA, USA) was used for all separations. The mo-

bile phase comprised of three solvents, 3 mM aqueous SDS3  Results and discussion

solution with pH 4.0 (A), 0.1% aqueous phosphoric acid (v/v)

containing 3mM SDS (B) and an acetonitrile-methanol mix-  The addition of an ion-pairing reagent to the mobile phase
ture in the ratio of 2/1 (C; v/v); the pH-value of solvent Awas  is required if biogenic amines are to be analyzed on C-18 ma-
adjusted with 5% phosphoric acid (v/v), solvent B showed a tgia|, otherwise the compounds are poorly retained on the
pH of 2.0. EIutipn started with 75A/0B/25C, changed lin- stationary phase and cannot be resolj&s]. When deter-
early over 10 min to OA/65B/35C, to reach OA/60B/40C af-  mining these compounds in dietary supplements for weight
ter five more minutes. In ten additional minutes it changed to |55 the complex nature of the matrix (usually mixtures of up
0A/55B/45C (linear gradient), to stay at that composition for 4 seven plants or extracts, amino acids and vitamins) further
5 min (total runtime 30 min). After each analysis the column  hampers the analysis. Thus, time-consuming or sophisticated
was washed for 5 min with 100C, followed by an equilibration  sample preparation procedures are usually required in order
period of 10 min. The flow rate was adjusted to 1.0 mImdin to obtain satisfactory results.

the detection wavelength set to 210nm and.L0f sam- Initial screening experiments showed that a separation of
ple were injected. All separations were performed at ambi- compoundsl-6 is only feasible with particular stationary
ent temperature (25°). Peaks were assigned by spiking the phases (Discovery Bio Widebore C 18 from Supelco or Hy-
samples with standard compounds, and comparison of theirperCIone C-18 BDS-1 from Phenomenex). The latter, being

UV-spectra and retention times. of 3um particle size, was chosen because of a slightly better
resolution of4—6. Other materials tested (Hypersil C18, Hy-
2.5. Method validation persil C18 (ODS), Luna C-8(2), Luna Phenyl-Hexyl, Lichro-

sphere C18) gave unsatisfactory results. Additionally, the

The HPLC-method was validated for linearity (see Section solvent system has to be acidic (to convert the analytes in
2.3), limit of quantitation and detection, peak purity, accuracy, the cationic form) and the less polar part of the mobile phase
precision and repeatability. has to comprise acetonitrile and methanol. Best results were
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Table 3
Analysis of alkaloids in different commercial products (samples |-VIl) arid.isinicaandC. aurantiumvar. amaraplant material; values in percent, relative
standard deviation in parentheses@)

Sample 1 2 3 4 5 6
|2 - 0.16 (0.7) - - 0.22 (0.3) 0.94 (0.1)
Ina - 0.08 (0.4) - 0.01(2.7) 0.22(0.1) 1.50 (0.3)
e 0.02 (2.8) 1.03 (0.4) 0.06 (2.7) - - -
Ivb - 1.11(0.5) - - - -
Vb - 1.27(0.2) - - - -
vIP 0.02 (1.3) 1.28 (0.1) 0.01 (3.8) - - -
VIIP 0.09 (1.0) 3.05 (1.9) - - - -
E. sinica - - - - 0.70(0.3) 1.63(0.3)
C. aurantium 0.02 (4.6) 0.21 (0.9) - - - -

@ Commercial product claiming to contalh sinicaandC. aurantiumvar.amara.
b Commercial product claiming to contalh aurantiumvar. amara.

obtained when using a 2:1 mixture of these solvents. Of great“octopamine” increased with multiple extractions of the sam-
importance revealed to be the SDS concentration as well.ple. This is due to the presence of the barely soluble amino
Increasing the ion-pairing reagent concentration from 1 to acidr-tyrosine (A), overlapping with the corresponding oc-
3 mM steadily improved the result but also prolonged the re- topamine peak. Attempts to quantitatively remove this amino
quired separation times (higher concentrations of surfactantacid by anionic exchange SPE cartridges failed, but by intro-
result in higher capacity factors of organic analytes due to ducing athird mobile phase (3 mM SDS solution with pH 4.0)
more effective ion pair formation)l6]. With the addition this problem of co-elution could be resolved. Starting with the
on 5mM SDS th&phedraalkaloid signals became unsym- less acidic aqueous phase and applying a pH-gradient for elu-
metrical and started to overlapped in part, therefore 3 mM of tion, facilitated the separation of the amino aaidyrosine
the surfactant was considered to be the optimum concentra-andL-phenylalanine from compounds-6 within less than
tion. As temperature was of minor influence on the obtained 30 min (Fig. 2).
results, analyses were performed at 25 When extractingephedra-type alkaloids from plant ma-
The method described above worked very well for sep- terial the use of different solvents (water, acetone, and
arating standard mixtures of the six reference compounds.methanol) and techniques (e.g. SPE, supercritical fluid ex-
When analyzing some of the real-life samples (commercial traction) is described in literatuf@7—20]. As acidic solvents
products) a strange phenomenon occurred, as the signal fowere preferably used, we tested 0.37% hydrochloric acid in
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Fig. 2. Separation of standard compoutdéand two amino acids (A, B) under optimized conditions (column: HyperClone C18 BDS1, 1004n6rmm,

3wm; mobile phase: 3mM aqueous SDS solution, pH 4.0 (A), 0.1% phosphoric acid (v/v) with 3mM SDS (B), acetonitrile/methanol =2/1 (C); gradient:
75A/0B/25C in 10 min to 0A/65B/35C, in 5 min 0A/60B/40B, in 10 min to 0A/55B/45C, and left at that composition for 5 min; flow rate: 1.0Th sample

volume: 10ul; temperature: ambient; detection: 210 nm); peak assignment is accordtigy th
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water and a three-fold extraction by sonication at room tem- impurities or signs for co-elution could be found in the sam-
perature for its applicability. One sample (500 mg of product ple chromatograms (Fig. 3). All standards and samples were
I1) was extracted four times with 3 ml of 0.37% hydrochlo- injected in triplicate. A maximum relative standard deviation
ric acid, and the extract obtained after every sonication stepof 4.6% (compound, in C. aurantiumplant material) and
was analyzed. After the third repetition a minimum of 98.6% very stable retention times over the whole study period (300
(compound) of each standard compound was already in so- injections) confirmed the precision of the method (Table 3);
lution. The chosen approach can therefore be considered tdntra- and inter-day variation (five individual specimens of
be efficient and exhaustive. sample | were assayed on each of three consecutive days)
The developed method was validated in order to show showed to be lower than 7.7% (1, intra-day on day 1) for all
its compliance with international requirements for analytical compounds (Table 2).
methods for the quality control of pharmaceuticals. Fromthe  Accuracy of the assay was determined by spiking sam-
calibration data obtained (Table 1), linearity of the detector re- ple Il with three concentrations df-6, representing 50, 100
sponse fol—6was confirmed between 4.1 and 1g0®ml~—1, and 150% of the expected value. Samples were extracted and
and a detection limit of at least 4.6 ng on-column (compound assayed under optimized conditions, and the recovery rates
1) was determined. Peak purity was investigated by using theobtained were close to 100% in most cases. Maximum devia-
respective option in the operating software; no indications for tions were observed for compouril®7.5% recovery at 50%
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Fig. 3. Chromatogram of samples Il and IV extracted and assayed under optimized conditions; peak assignment is adeigrding to
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spike level) and (102.0% recovery at 100% spike level). methods using RP material. No time-consuming sample pre-

These data not only confirm accuracy but also integrity of treatment is required, regardless of the analyzed specimen

the extraction procedure, e.qg. filtration of the sample through (plant material or commercial product). The method was val-

membrane filter prior to injection. idated in accordance to international standards, thus it should
The HPLC method should have a wide range of possible possess scientific as well as commercial applicability.

applications, thus it was used for the analysis of plant ma-

terial (E. sinicaherb,C. aurantiumvar. amarapeel) as well

as a number of commercial products (Table 3). Some of the Réferences

latter were bought in 200-1 (samples I and I, they Com.ained [1] http://www.fda.gov/oc/initiatives/ephedra/february2004/; date of con-

the extra}cts of both species), the rest was purchased in 2003 sultation November 2004.

(and claimed to b&phedrafree). For all kinds of samples 5 m.a. Pittier, E. Ernst, J. Clin. Nutr. 79 (2003) 529.

analyzed, the newly developed HPLC method easily allowed [3] E.A. Abourashed, A.T. EI-Alfy, 1.A. Khan, L. Walker, Phytother.

the determination of the contained species (E. siaiwd/or Res. 17 (2003) 703.

C. aurantium) and the quantification of the appropriate ma- [4] i,ri“fge;’g\’f‘l?;e“ Tyler's Honest Herbal, Haworth Press, New

Jor al,kaIOIdS (Fig. 3). Ever_] ,m compllex Sam'ples, consisting of [5] W. T’ang, é.pEisenbrand, Chinese Drugs of Plant Origin, Springer,

multiple extracts and additives, no interfering peaks were ob- Berlin, 1992, p. 481.

served. Compounds were assigned based on retention timesgs] A. Fugh-Berman, A. Myers, Exp. Biol. Med. 229 (2004) 695.

and UV-spectra, a confirmation by LC-MS was not possible [7] F. Pellati S. Benvenuti, M. Melegari, F. Firenzuoli, J. Pharm.

because of non-volatile constituents (phosphoric acid, SDS) __ Biomed. Anal. 29 (2002) 1113. _
in the mobile phase [8] C.A. Haller, M. Duan, N.L. Benowitz, P. Jacob, J. Anal. Toxicol. 28

(2004) 145.
All samples analyzed followed the same pattern concern- g m.c. Roman, J. AOAC Int. 87 (2004) 15.

ing their alkaloid content. If they contained Ma Huang, the [10] J. Zhang, J. Xie, X. Chen, Z. Hu, Analyst 128 (2003) 369.

most dominant alkaloid was (—)-ephedrine (0.94-1.63%), [11] N. Grobuschek, M.G. Schmid, J. Koidl, G. Gubitz, J. Sep. Sci. 25

followed by (+)-pseudoephedrine (0.22-0.70%); (—)- (2002) 1297. _

norephedrir)e' was _deteCtable in one sample_only. In Sam_{ig h?( HK?n:S?(nHJCEZ?r\TV (S:ﬁle.inggc? go\cljér)p?)gie, Chem. Pharm. Bull.

ples containing bitter orange, (%)-synephrine was the 51 (2003) 1382.

major Citrus alkaloid (0.08-3.05%). Tyramin and (%)- [14] R.A. Niemann, M.L. Gay, J. Agric. Food Chem. 51 (2003)

octopamine were found, if present at all, in low concentra- 5630.

tions (0.01-0.09%) only. The results were in good agreementl(15] N- Okamura, H. Miki, T. Harada, S. Yamshita, Y. Masaoka, Y.

to those reported in literature (e.g. 0.66—3.08%& af com- E:;ﬁr;gt?’lgggjsslgg;ma’ H. Yoshitomi, A. Yagi, J. Pharm. Biomed.

mercial product$7]), and showed that all commercial prod-  [16] x. Li, 3.S. Fritz, Anal. Chem. 68 (1996) 4481.

ucts were labelled correctly. [17] M. Ichikawa, M. Udayama, K. Imamura, S. Shiraishi, H. Matsuura,
The developed HPLC-method has significant advantages  Chem. Pharm. Bul. 51 (2003) 635.

over existing methodologies. It allows the selective, quanti- [18]1 M- McCooeye, L. Ding, G.J. Gardner, C.A. Fraser, J. Lam, RE.

tative analysis of all six major alkaloids B. sinicaandC. [19] ?Ufaefh?aﬁio“,ﬂ?tiisﬁﬁilj E.h%n;l:s;v?/a(,zg.osghzl'gfnSa;togr. 623 (1992)

aurantiumvar.amarain one analytical run (the separation of 386.

other biologically not relevant enantiomers was not the aim [20] B.T. Schaneberg, S. Crockett, E. Bedir, I.A. Khan, Phytochemistry

of this study), with separation times comparable to previous 62 (2003) 911.



