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a b s t r a c t

Based on anecdotal evidence of anti-hypertensive effect of Gold Nine Soft Capsules, an in vivo study of
this complex Chinese “herbal-based” medicine was initiated. Dosage of the content of Gold Nine capsules
in spontaneous hypertensive rats showed a remarkably good effect. This led to further investigation of
the components of the preparation and eventual identification of three known anti-hypertensive drugs;
amlodipine, indapamide and valsartan, which were not declared on the label. Compounds were rapidly
identified using LC–HRMS and LC–MS–SPE/NMR, quantified by HPLC, and the in vivo activity of a combi-
nation of commercially purchased standards was shown to be equivalent to that of the capsule content.
hinese herbal medicine
ynthetic adulterants
iquid chromatography–mass
pectrometry–solid phase
xtraction/nuclear magnetic resonance
LC–MS–SPE/NMR)

Adulteration of herbal remedies and dietary supplements with synthetic drugs is an increasing problem
that may lead to serious adverse effects. LC–MS–SPE/NMR as a method for the rapid identification of such
adulterants is highlighted in this case study.

© 2009 Elsevier B.V. All rights reserved.
n vivo study
ypertension

. Introduction

Many people rely on herbal medicines for the treatment of var-
ous ailments and disease states and, often anecdotal, evidence
f their efficacy warrants further scientific studies of the natural
roducts and their mechanisms of action. The unfortunate fact,

mpeding proper scientific studies of the health benefit claims
f products like Traditional Chinese Medicines (TCM), either in
he form of raw natural materials or natural components mixed
nd formulated according to documented tradition as Chinese
atent Medicines (CPM), is that many of these herbal prepara-
ions may have been adulterated with synthetic drugs [1–3]. In
he work described here, the measurable effect of Gold Nine Soft
apsules, a Chinese “herbal-based” medicine intended for treat-
ent of hypertension, led to further investigations of this product.
he investigation was initiated based on the assumption that one
r more natural products were responsible for the effect. How-
ver, at a very early stage, it became clear that the Gold Nine
apsules were adulterated with synthetic drugs. Hyphenation of

∗ Corresponding author. Tel.: +1 514 428 2797; fax: +1 514 428 4900.
E-mail address: dan sorensen@merck.com (D. Sørensen).

731-7085/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2009.09.043
liquid chromatography (LC) with mass spectrometry (MS), solid
phase extraction (SPE), and nuclear magnetic resonance (NMR) has
been widely accepted as a tool for dereplication and discovery
of natural products from complex mixtures of plant and endo-
phytic origin [4–10]. Application of these hyphenated methods
in the present work also proved to be a rapid and efficient tool
for the identification of adulterants in the Gold Nine capsules. In
the Gold Nine capsules, three anti-hypertensive drugs, amlodipine
(calcium channel blocking agent), indapamide (diuretic), and val-
sartan (Angiotensin II receptor antagonist) [11], were identified by
LC–HRMS and NMR. Combined with in vivo studies, it was evident
that the efficacy of the Gold Nine capsules could be attributed to
the synthetic compounds alone.

2. Experimental

2.1. Gold Nine Soft Capsules
Gold Nine Soft Capsules were manufactured by Hong Kong
Five-Circle Medicinal Industry Co. Ltd. and purchased from Ponglia
Pharmacy, Shangdon province, China. The composition of the
capsules was listed: Chinese Caterpillar Fungus, Garter Snake,
Monascus anka, Earthworm, Barbary Wolfberry Fruit, Common

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:dan_sorensen@merck.com
dx.doi.org/10.1016/j.jpba.2009.09.043
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am Rhizome, Spina Date Seed, Dahurian Angelica Root, Nutmeg,
angerine Peel, Salad Oil, etc., as a total of 500 mg per capsule.
osage recommended by the manufacturer is 1–2 capsules per day.

.2. Chemicals

Authentic standards were purchased from commercial sources:
ndapamide from LKT Laboratories Inc. (St. Paul, MO, USA),
mlodipine from Toronto Research Chemicals (North York, ON,
anada), and valsartan from Altan Corporation (Orange, CT, USA).
PLC-grade “Optima” acetonitrile from Fischer Scientific Canada

Ottawa, ON, Canada) and milli-Q filtered water were used for chro-
atography and as general solvents. Deuterated solvents CD3CN

nd DMSO-d6 (both 99.9 atom% d) were purchased from C/D/N Iso-
opes Inc. (Pointe-Claire, QC, Canada). 0.5% methyl cellulose (aq)
as prepared from methyl cellulose purchased from Sigma–Aldrich
anada Ltd. (Oakville, ON, Canada).

.3. Identification of adulterants

For LC–HRMS analysis, one capsule was cut open and the con-
ent was dissolved in 3 mL DMSO-d6 (deuterated DMSO was used to
nable additional analysis of the crude content by NMR). The solu-
ion was filtered and 1 �L was injected into the chromatographic
ystem. For LC–MS–SPE/NMR analysis, the same solution was used
or trapping and identification of valsartan and indapamide (one
njection of 10 �L and three injections of 15 �L, respectively) while

more concentrated solution of one capsule in 1 mL DMSO-d6
as used for trapping and identification of amlodipine (one 20 �L

njection). All samples were filtered through 0.45 �m Waters GHP
13 mm) syringe filter prior to injections.

.3.1. LC–HRMS
The liquid chromatography–high resolution mass spectrome-

ry (LC–HRMS) system consisted of an Agilent 1200 series HPLC,
quipped with a G1312A binary pump and a G1315C Diode Array
etector (DAD SL), connected to an Agilent G1969A LC/MSD Time-
f-flight mass spectrometer (MS). Separation was achieved on a
ORBAX Eclipse Plus (C-18; 1.8 �m) 3.0 mm × 50 mm HPLC column
ith a 1 mL/min gradient of acetonitrile/water + 0.1% formic acid

10:90–95:5 over 5 min, held at 95:5 for 1 min). The MS instrument
as operated with electrospray ionization (ESI) in both positive

nd negative mode for initial screening, and just positive mode for
urther investigation, with the following settings: drying gas tem-
erature, 350 ◦C, nebulizer pressure, 60 psi, drying gas, 13 L/min,
nd spray voltage, 4000 V.

.3.2. LC–MS–SPE/NMR
The hyphenated liquid chromatography–mass spectrometry–

olid phase extraction (LC–MS–SPE) system consisted of an Agi-
ent 1100 series HPLC with a G1315B Diode Array Detector (DAD),
nauer WellChrom K-120 solvent pump (post-column dilution),
ccurate ICP-04-20 flow-splitter by LC Packings, Bruker Esquire
000 ion trap mass spectrometer (MS), Bruker/Spark Prospekt II
C–SPE–NMR interface module with N2-blanketing of the SPE com-
artment and an additional GP resin cartridge placed in a clamp
older in the waste outlet leading to an Agilent G1315A Variable
avelength Detector (VWD) and was managed by Bruker HyS-

ar/EsquireControl software v.3.0. Separation was achieved on a
henomenex Max-RP (C-12; 4 �m) 4.6 mm × 250 mm HPLC col-
mn, using a 0.75 mL/min gradient of acetonitrile/water + 0.1%

ormic acid (20:80–95:5 over 20 min, held at 95:5 for 5 min). A con-
tant post-column makeup flow of water (1.25 mL/min) was added
o reduce the solvent strength for trapping on Spark Hysphere
esin GP 2 mm × 10 mm SPE cartridges. The flow splitter directed
% into the MS and 95% into the DAD and the SPE module. A
Biomedical Analysis 51 (2010) 705–711

preliminary non-trapping “scouting” analysis was performed to
determine potential retention on SPE cartridges and the absorbance
threshold levels at 300 nm for automated trapping of peaks. To
facilitate the SPE/NMR transfer, cartridges were dried with pressur-
ized N2 for 45 min prior to elution. Trapped peaks were eluted into
3 mm (335-PP) NMR tubes from Wilmad, using 165 �L of CD3CN.
NMR spectra were acquired on a Varian Inova 600 spectrometer
equipped with 5 mm HCN PFG Cold Probe operating at 599.92 MHz
for 1H NMR. Chemical shifts were referenced to the residual sol-
vent peak (1.94 ppm for CD3CN). For indapamide and valsartan the
1H NMR spectra were acquired using 512 scans, whereas 1K scans
were acquired to obtain 1H NMR data for amlodipine. For valsartan,
additional gradient selected COSY (nt = 8, ni = 128), HSQC (nt = 16,
ni = 128) and HMBC (nt = 48, ni = 200) spectra were acquired. All
NMR experiments were performed at 25 ◦C.

2.4. Quantification of adulterants

2 mg of commercial reference compounds, valsartan, inda-
pamide, and amlodipine, were accurately weighed and dissolved in
acetonitrile/water 1:1, then subsequently diluted in series to obtain
five different solutions containing in concentrations ranging from
0.02–0.2 mg/mL for valsartan, and 0.02–0.2 mg/mL for amlodipine
and indapamide. The following procedure for dissolution and anal-
ysis was used for both intact capsules and content alone, but to
obtain and measure the content, the capsules were cut open and
emptied and the oily content was weighed: to either two intact cap-
sules or the weighed content of two capsules in 100 mL volumetric
flasks, 30 mL of water was added and the mixtures were stirred for
30 min. 30 mL of acetonitrile was then added to each flask and the
mixtures were stirred for 30 min. The flasks were topped up with
acetonitrile/water 1:1 to a total volume of 100 mL.

2.4.1. HPLC
Diode array UV chromatograms (190–400 nm) from injections

of 2 �L of each sample of the standard solution series were acquired
on the LC–HRMS system using the conditions described in Section
2.3.1. Each sample was injected in duplicate. For evaluating repro-
ducibility of the injections, two concentrations of each compound
were injected in triplicate. Accuracy of the method was deter-
mined by analyzing four samples with known concentrations for
each compound in triplicate. Samples for evaluating precision and
accuracy were prepared in concentrations within the range used
in construction of the standard curves. Each dissolution sample of
capsules or capsule content was centrifuged to remove dust parti-
cles and fiber residues, and duplicates of 2 �L were injected into the
LC–HRMS to acquire diode array UV chromatograms (190–400 nm).
All samples were filtered through 0.45 �m GHP (13 mm) syringe
filters prior to injection.

2.5. In vivo studies

All experimental procedures were carried out in accordance
with guidelines of the Canadian Council on Animal Care and were
also approved by an internal Animal Care Committee. Dosing
solutions were prepared in 0.5% methyl cellulose (aq). For the
preparation of solutions, 600 mg capsule content was weighed and
diluted with 10 mL 0.5% methyl cellulose (aq) to prepare an arbi-
trary 60 mg/mL dosing solution and pure reference standards were
used in concentrations matching the actual drug levels as deter-
mined experimentally.
2.5.1. Probe implantation and dosing experiments
Male Spontaneous Hypertensive Rats (SHR), 4–6-month-old,

were obtained from Charles River Laboratories and were kept in
an environment with temperature and humidity control and a 12 h
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ight–dark cycle. Standard rat chow and water was freely accessi-
le to the animals. Under general anesthesia using 3% isoflurane,
HRs were implanted with telemetry probes (TA11-PAC40, Data
ciences Inc.). Following surgery, the animals were single-housed
nd left to recover for at least 1 week before initiating studies. Dur-
ng the post-recovery period, the animals underwent acclimation
o the dosing procedures for 1 week to prevent handling-induced
tress during experimental studies. The arterial blood pressure
nd the heart rate were monitored continuously by a comput-
rized data acquisition system (Data Sciences Inc.). Telemetrized
nimals were grouped randomly with emphasis on balancing their
AP (mean arterial pressure) to match the baseline level between

roups. Three animals per treatment group were used in a total of
ix groups, including the vehicle control. All animals (non-fasting)
eceived treatment or vehicle, as a single oral dose administered
y gavage, in a volume of 5 mL/kg bodyweight. Animals received
ither vehicle (0.5% methyl cellulose) or Gold Nine Soft Capsule
ontent (300 mg/kg) or synthetic compounds as a single or com-
ination treatment in a dose corresponding to 300 mg/kg of the
apsules (amlodipine 0.81 mg/kg, indapamide 0.84 mg/kg and val-
artan 19.30 mg/kg). Physical parameters including blood pressure
systolic as well as diastolic), heart rate (HR), animal activity and
ulse pressure were recorded continuously for 24 h prior to and
days following administration. These experiments were carried

ut in a double-blinded fashion with each step, from preparation
f samples to dosing of animals as well as data analysis, carried out
y different individuals.

.5.2. Data acquisition and analysis
Data were acquired, displayed, and analyzed using a computer

ased data acquisition system from Data Sciences Inc. (DSI) [12].
ata were recorded for 10 s in 5-min intervals and were averaged

nto 1 h measurements using Dataquest A.R.T. Gold Analysis v.4.0
oftware. Baseline levels were defined as the average MAP mea-
ured for 24 h prior to dosing as well as the mean of the vehicle
ontrol group. The maximal changes in MAP (�MAP) and HR, and
uration of the effect, were determined by comparison with con-
rol values. At the starting point, all animals had similar values for
ll measured physiological parameters. The data were collected up
o 168 h after administration, but given that, for some of the com-
ounds, the duration of the effect was not extended beyond 96 h,
ata are only presented up to that time point. To obtain valid results
or the duration and intensity of the effect of capsules and syn-
hetics, ABC (Area Between Curves) for treated and control groups
ere also calculated for the consecutive effective days after dosing.
ardiovascular variables were analyzed using a one-way ANOVA
nalysis following Bonferroni’s multiple comparison.

. Results and discussion

.1. Identification of adulterants

A two-tier approach was used for the identification of the adul-
erants. An initial screening by LC–HRMS was performed to identify
ompounds of interest and, in order to rule out that they were
ot isobaric analogues and to unambiguously confirm the identity
f the compounds, they were subsequently isolated and analyzed
y LC–MS–SPE/NMR. As a method of isolation, LC–MS–SPE pro-
ides rapid access to pure material for further analytical studies.
ne advantage of using LC–MS–SPE/NMR, as compared to LC–MS
r GC–MS, which has often been the method of choice for rou-

ine analysis, is that full structural information is available. For
erbal remedies adulterated with known synthetic drugs, LC–MS
nd GC–MS, as well as a range of other analytical methods, are
ighly valuable methods that have been used extensively in the
nalysis of adulterants in herbal medicines. Often detection is based
Fig. 1. LC–HRMS of Gold Nine Soft Capsules. Top: total ion chromatogram, positive
mode, with high-resolution mass indicated for each peak. Lower: total wavelength
chromatogram (UV). (1) Amlodipine, (2) indapamide, and (3) valsartan.

on comparison with reference standards or extensive databases
that allow for rapid detection of adulterants [13–15]. The disad-
vantage of these methods is not only that they require a prior idea
of which synthetic drug to look for, as well as acquisition of a vast
amount of data for reference, but also that structural analogues
of known compounds have been used for adulteration to evade
detection by LC–MS [3,16–18]. As the databases may not include
these analogues, acquisition of MS data or comparison of retention
times may not be sufficient. NMR is the only analytical technique
which provides full structural information from novel compounds.
In this case, LC–MS–SPE/NMR allowed us to rapidly identify the
adulterants without any need for reference standards.

3.1.1. LC–HRMS
Analysis of sample solutions by LC–HRMS, using the conditions

described in Section 2.3.1, revealed primarily three peaks in both
the UV and MS chromatograms and resulted in immediate suspi-
cion of adulteration of the alleged herbal preparation (Fig. 1).

Likely molecular formulas were calculated to fit within a 1 ppm
error margin of the m/z of the [M+H]+ ions and their isotopic
pattern distributions were used to further validate selections. A
combined literature search for known anti-hypertensive drugs and
molecular formulas (peak 1 w., Rt = 2.72 min: C20H25ClN2O5, peak
2 w., Rt = 2.97 min: C16H16ClN3O3S, and peak 3 w., Rt = 3.63 min:
C24H29N5O3) suggested that the constituents were indeed syn-
thetic adulterants as the molecular formulas were identical to
those of: (1) amlodipine (HRESIMS m/z 409.1524 [M+H]+, calcd
for [C20H26ClN2O5]+, 409.15248), (2) indapamide (HRESIMS m/z
366.0674 [M+H]+, calcd for [C16H17ClN3O3S]+, 366.06737), and (3)
valsartan (HRESIMS m/z 436.2343 [M+H]+, calcd for [C24H30N5O3]+

436.23432) [11].

3.1.2. LC–MS–SPE/NMR
To assess retention of compounds during the preliminary
“scouting” analysis, a custom modification to instrumentation was
made: an additional GP SPE cartridge was placed in a clamp holder
between the waste outlet of the Prospekt device and the vari-
able wavelength detector. This allowed for the evaluation of the
trapping potential of peaks during the scouting analysis. After the
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Fig. 2. Schematic of the LC–MS–SPE/NMR system and UV chromatogram (300 nm)
showing the retention delay (*) caused by an SPE-cartridge as detected by the vari-
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mined as 0.14–3.36%, 0.53–0.79%, and 0.19–0.28% for amlodipine,
indapamide, and valsartan, respectively. The accuracy of the anal-
ysis was analyzed as described in Section 2.5.2 and calculated
concentrations of amlodipine were 97.79 ± 3.40% of the actual
concentration, for indapamide they were 100.08 ± 5.47%, and
ble wavelength detector used in scouting mode (A). The actual trapping mode on
PE for NMR is (B). (1) Amlodipine, (2) indapamide, and (3) valsartan.

luents were diluted by post-column water addition and detected
nce by UV and MS, they were directed through the cartridge and
etected by the second UV detector, which provided information
bout the delay and “trapping” potential for all peaks in the chro-
atogram. The ratio of post-column water addition can thus be

dequately adjusted and the maximum number of multiple trap-
ing on single SPE cartridges can be estimated by comparison of
he two UV chromatograms (Fig. 2).

For example, it would be expected that one or possibly two
epeated trappings of (1) could be done on one SPE cartridge before
reak-through, while it may be possible to perform three to four
epeated trappings of (3) under these chromatographic conditions.
n this particular case, a single trapping afforded (3) and a triple
rapping yielded (2). As many repeated trappings of (1) was not
eemed feasible, a more concentrated sample and single trapping
as required. Another advantage of having an additional cartridge

s that the fluctuations in back-pressure that are often observed
hen changing valve positions for trapping of peaks are avoided.
egardless of whether or not peaks are being trapped, the back-
ressure remains the same. Trappings of peaks on GP SPE cartridges
ere triggered by absorbance threshold levels at 300 nm. For iso-

ated compounds, 1H NMR spectra were acquired for (1) and (2)
nd 1H as well as 2D NMR spectra were acquired for (3), which by
omparison to reference data [19–21] led to rapid and confident
dentification of structures of amlodipine, indapamide, and valsar-
an (Fig. 3). 1H NMR data for these compounds in CD3CN solution
re reported here. As described in Ref. [19] two rotamers of valsar-
an were observed in the 1H NMR spectrum, but only chemical shift
alues for the major rotamer are given in this report.

Amlodipine (1): 1H NMR (CD3CN, 599.92 MHz) ı 8.02 (1H,
, NH), 7.43 (1H, dd, JH-6′ ,H-5′ = 7.6 Hz, JH-6′ ,H-4′ = 1.6 Hz, H-6′),
.27 (1H, dd, JH-3′ ,H-4′ = 8.0 Hz, JH-3′ ,H-5′ = 1.2 Hz, H-3′), 7.22 (1H,
d, JH-5′ ,H-6′ = JH-5′ ,H-4′ = 7.6 Hz, JH-5′ ,H-3′ = 1.2 Hz, H-5′), 7.12 (1H,
d, JH-4′ ,H-3′ = JH-4′ ,H-5′ = 7.6 Hz, JH-4′ ,H-6′ = 1.6 Hz, H-4′), 5.37 (1H,

, H-4), 4.72 (1H, d, JH-7a,H-7b = 14.75 Hz, H-7a), 4.63 (1H, d,
H-7b,H-7a = 14.75 Hz, H-7b), 4.01 (2H, m, H-11), 3.75 (2H, m, H-8),
.55 (3H, s, H-14), 3.21 (2H, t, JH-9,H-8 = 4.6 Hz, H-9), 2.33 (3H, s,
-15), 1.14 (3H, t, JH-12,H-11 = 7.1 Hz, H-12).
Biomedical Analysis 51 (2010) 705–711

Indapamide (2): 1H NMR (CD3CN, 599.92 MHz) ı 8.86 (1H, s, NH),
8.49 (1H, d, JH-11,H-9 = 2.2 Hz, H-11), 8.02 (1H, dd, JH-9,H-10 = 8.2 Hz,
JH-9,H-11 = 2.2 Hz, H-9), 7.72 (1H, d, JH-10,H-9 = 8.3 Hz, H-10), 7.12
(1H, d, JH-4,H-5 = 7.5 Hz, H-4), 7.06 (1H, dd, JH-6,H-7 = 8.0 Hz,
JH-6,H-5 = 7.0 Hz, H-6), 6.79 (1H, dd, JH-5,H-4 = 7.5 Hz, JH-5,H-6 = 7.0 Hz,
H-5), 6.57 (1H, d, JH-7,H-6 = 8.0 Hz, H-7), 5.99 (2H, s, NH2), 4.02 (1H,
m, H-1), 3.19 (1H, dd, JH-3a,H-3b = 15.4 Hz, JH-3a,H-1 = 8.1 Hz, H-3a),
2.63 (1H, dd, JH-3b,H-3a = 15.4 Hz, JH-3b,H-1 = 11.0 Hz, H-3b), 1.36 (3H,
d, JH-2,H-1 = 6.2 Hz, H-2).

Valsartan (3): 1H NMR major conformer (CD3CN, 599.92 MHz)
ı 7.75 (1H, m, H-20), 7.67 (1H, m, H-22), 7.56 (2H, m, H-
19/H-21), 7.22 (2H, d, JH-13/H-17,H-14/H-16 = 8.06 Hz, H-13/H-17),
7.14 (2H, d, JH-14/H-16,H-13/H-17 = 8.06 Hz, H-14/H-16), 4.80 (1H, d,
JH-11a,H-11b = 16.98 Hz, H-11a), 4.49 (1H, d, JH-11b,H11a = 16.98 Hz, H-
11b), 3.98 (1H, d, JH-6,H-7 = 10.4 Hz, H-6), 2.46 (1H, m, H-7), 2.38 (2H,
m, H-4), 1.57 (1H, m, H-3a), 1.38–1.26 (3H, m, H-3b, H-2), 0.95 (3H,
d, JH-9,H-7 = 6.6 Hz, H-9), 0.86 (3H, m, H-1, H-8).

3.2. Quantification

For each adulterant, a local absorbance maximum in the UV
spectrum was chosen as the optimum wavelength for quan-
tification: 360 nm for amlodipine, 240 nm for indapamide, and
250 nm for valsartan. Linearity was observed in the analyzed
range of concentrations for all three compounds. Equations
for standard curves were y = 1113.4x + 0.7944 for amlodipine
(r2 = 0.9998), y = 3860.8x + 14.043 (r2 = 0.9986) for indapamide, and
y = 1856.8x + 41.802 (r2 = 0.9972) for valsartan, where y represents
the peak area, expressed in mAu × min and x represents the con-
centration expressed in mg/mL. Reproducibility of peak areas
was excellent with R.S.D. values for repeated injections deter-
Fig. 3. Chemical structures with atom numbering used for NMR data assignment.
(1) Amlodipine, (2) indapamide, and (3) valsartan.
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Table 1
Mean arterial blood pressure and heart rate for all treatment groups.

Baseline (−24 h) Post dosing (+96 h)

Treatment Mean Std. dev. B.M.C. test Treatment Mean Std. dev. B.M.C. test

Mean arterial blood pressure
Vehicle 166.7 5.40 – Vehicle 165 5.78 –
Capsule 163.3 7.04 P > 0.05 Capsule 147.3 9.08 P < 0.001a

Combination 166.5 6.04 P > 0.05 Combination 145.7 11.21 P < 0.001a

Amlodipine 165.5 5.73 P > 0.05 Amlodipine 163.4 6.83 P > 0.05
Indapamide 164.7 4.71 P > 0.05 Indapamide 159.9 7.06 P < 0.001a

Valsartan 165.2 4.26 P > 0.05 Valsartan 151.7 9.08 P < 0.001a

One-way ANOVA, P = 0.3232 One-way ANOVA, P < 0.0001

Heart rate
Vehicle 325.1 32.44 – Vehicle 326.6 35.1 –
Capsule 321 34.28 P > 0.05 Capsule 327.8 38.56 P > 0.05
Combination 328.3 38.19 P > 0.05 Combination 335.9 38.43 P > 0.05
Amlodipine 324.8 39.19 P > 0.05 Amlodipine 326.1 36.02 P > 0.05
Indapamide 318.8 33.94 P > 0.05 Indapamide 321.8 34.83 P > 0.05
Valsartan 320.8 32.73 P > 0.05 Valsartan 329.5 34.38 P > 0.05
One-way ANOVA, P = 0.9423 One-way ANOVA, P = 0.153

Bonferroni’s multiple comparison vs. vehicle.
a Significant difference.

Table 2
Max. change in mean arterial blood pressure (�MAP) in comparison with baseline control.

Treatment (5 mL/kg) Dose (mg/kg) Max. �MAP ABC, 72 h ABC, 96 h

0.5% methyl cellulose (aq) Vehicle N/A N/A N/A
Gold Nine Soft Capsules 300 mpk 27.5 ± 2.7 1169 ± 149.6 1314.3 ± 216.9
Combination of synthetics See doses below 40.6 ± 8.5 1784 ± 350.9 1538.9 ± 302.2
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Amlodipine 0.81 mpk
Indapamide 0.84 mpk
Valsartan 19.30 mpk

or valsartan 105.81 ± 3.40%. Actual concentration measurements
ere within the ranges used for standard curves. Each 300 mg of

he extracted capsule contents, which was equivalent to the dose
sed in the in vivo studies, contained 0.78 ± 0.06 mg amlodipine,
.78 ± 0.02 mg indapamide, and 18.47 ± 1.03 mg valsartan (R.S.D.
.12%, 2.57% and 5.60%, respectively). Assuming that each cap-
ule was consistently formulated with 500 mg of content, this
ould correspond to approximately 1.3 mg amlodipine, 1.3 mg

ndapamide, and 30.8 mg valsartan per capsule. Actual measure-
ents showed that each intact capsule contained 1.52 ± 0.10 mg

mlodipine, 1.52 ± 0.07 mg indapamide, and 40.46 ± 2.44 mg val-
artan (R.S.D. 6.48%, 4.58%, and 6.03%, respectively). It may be
peculated that the high levels of valsartan are not completely sol-
ble in the oily formulation and have been partially absorbed by
he gelatin shell of the intact capsule.

.3. In vivo studies

Blood pressure levels were collected from conscious and unre-
trained SHRs using the radio-telemetry probes. At baseline level
untreated rats and vehicle control group), rats were clearly hyper-
ensive and the data collected for 24 h prior to dosing showed no
ignificant difference in mean values of blood pressure or heart rate
etween groups.

Following a single oral dose of 300 mg Gold Nine Soft Capsules
er kg, the maximal �MAP and ABC values were comparable to val-
es from groups receiving a combination treatment of amlodipine,

ndapamide, and valsartan (see Tables 1 and 2 as well as Fig. 4 for

etailed data). Also, the duration of the effect was similar for these
wo groups with a one-way ANOVA analysis showing no significant
ifference between treatment with either capsules or combination
f the three synthetic standards (P > 0.05). A trend in increase of the
eart rate immediately after dosing was observed for a short period
.5 ± 5.1 103.2 ± 83.0 N/A

.6 ± 5.4 339 ± 72.3 N/A

.4 ± 2.8 1064.5 ± 141.5 1137.4 ± 145.7

in animals treated with capsules or the combination, but it is not
statistically significant (Fig. 4).

The three synthetic drugs found to be the major components
of the capsules were also tested individually in SHRs and results
showed that a single oral dose of either indapamide or valsar-
tan gave a significant reduction in BP, whereas administration of
amlodipine did not give a statistically significant change compared
to vehicle treatment. Especially in the animals receiving a single
dose of valsartan, the blood pressure lowering effect, as well as the
duration of this effect, was remarkably higher than for single doses
of amlodipine and indapamide. The �MAP for the group treated
with valsartan was similar to �MAP in the group receiving cap-
sules, but the duration of the effect was significantly longer in the
capsule-treated group.

These results suggest that combination therapy involving more
than one anti-hypertensive agent might improve the duration of
the effect more than it improves the actual maximal effect. As there
is no significant difference in the effect observed in animals treated
with either capsules or the combination of pure drugs, the results
from the in vivo experiments show that the anti-hypertensive effect
of Gold Nine Soft Capsules can be attributed solely to the presence
of amlodipine, indapamide and valsartan in the capsules. In this
study valsartan was dosed to the animals in a much higher con-
centration than in previous reports [22] and doses were generally
determined by a preliminary analytical study of capsule content.
In-house pharmacokinetic studies (data not shown) confirmed that
slight variations in administered doses of valsartan (19.30 mg/kg or
18.65 mg/kg) did not lead to significant differences in actual drug
exposures. It is obvious that valsartan is responsible for a major part

of the anti-hypertensive effect observed in Gold Nine Soft Capsules,
but amlodipine and indapamide might also play a role in either an
additive or synergistic way. In order to determine these mecha-
nisms, rigorous preclinical and clinical studies would need to be
established, which is not within the scope of this investigation.
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Fig. 4. Changes in mean arterial blood pressure following administration of a single dose of vehicle, Gold Nine capsules or synthetic standards to telemetrized spontaneously
hypertensive rats (SHR), n = 3 in each group. (a) Vehicle (0.5% methyl cellulose) vs. capsules (300 mg/kg) vs. combination treatment of synthetic standards (corresponding
t ne (0.8
o ean ±
o signifi
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o 300 mg/kg capsule), (b) vehicle vs. valsartan (19 mg/kg), (c) vehicle vs. amlodipi
f groups per time-point for up to 96 h after administration and are expressed as m
bserved for indapamide as well as for valsartan. It is also shown that there is no
sing the synthetic compounds.

. Conclusion

LC–MS–SPE/NMR is a rapid and reliable method for identi-
cation and structure verification and/or structure elucidation
f compounds from mixtures like plant or microbial extracts
r herbal remedies, in this case, adulterated with synthetic
rugs. The possibility of rapidly obtaining high-quality NMR data
rom small amounts of compounds is an advantage that makes
C–MS–SPE/NMR a powerful analytical tool – not just in natural
roduct research, but potentially also in various other fields of
nalytical chemistry. With an increased number of cases of adul-
eration with not only known synthetic drugs, but novel analogues
ereof, we anticipate that NMR will be required more often to
eveal such fraudulence. None of the active drugs found in the Gold
ine Soft Capsules were mentioned on the label and consumers
ad no knowledge of the drugs that they were actually exposed

o. They could be subject to the risks of drug–drug interactions
ith other medications, potential overdosage from simultaneously
sing similar prescribed anti-hypertensive drugs, or experiencing
n-attributable side-effects that pose a threat to their health. If one
r more of the drugs found as adulterants in this study were contra-
1 mg/kg), and (d) vehicle vs. indapamide (0.84 mg/kg). Data shown are the means
S.E.M. For amlodipine, there is no significant effect, whereas a significant effect is
cant difference between Gold Nine Soft Capsules and the combination treatment

indicated for individual patients, consumption of Gold Nine Soft
Capsules could have led to serious adverse effects of unknown ori-
gins, as has been reported for other adulterated herbal preparations
[23,24].
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