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A simple, isocratic, and stability-indicating high-performance liquid chromatography (HPLC) method
has been ped for the rapid ination of thiamine (VB1 ), niacinamide (VB3), pyridoxine (VBs).
ascorbic acid (VC), pantothenic acid (VBs), riboflavin (VB;) and folic acid (VBs) in Vitamins with Minerals
Tablets (VMT). An Alltima Cy5 column (250 mm x 4.6mmi.d. 5pm)was used for the separation at ambi-
ent with 50mM hosphate (adjusting with phosphoric acid to pH
3.0) and acetonitrile as the mobile phase at the flow rate of 0.5 ml min-'. VB,, VB3, VBg, VC and VBs were
extracted with a solution containing 0.05% phosphoric acid (v/v) and 0.3% sodium thiosulfate (w/v), and
were then simultaneously analyzed by using the mobile phase of phosphale buffer-acetonitrile (95:5,
v/v). while VB; and VBy were extracted with a solution c i 5% i solution
(v/v).and were then simultaneously analyzed by using the mobile phase of phosphate buffer-acetonitrile
(85:15,v/v). The detection wavelengths were 275 nm for VB1, VB3, VBs, VC, 210 nm for VBs, and 282 nm for
VB; and VBg. The method showed good system suitability, sensitivity, linearity, specificity, precision, sta-
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Niuhuang Jiedu tablet (NHJDT) is a realgar-containing traditional Chinese medicine. A direct induc-
tively coupled plasma-mass spectrometry (ICP-MS) method for the simultaneous determination of 20
trace elements (Mg, K, Ca, Na, Fe, As, Zn, Sr, Ba, Cu, Mn, Ni, Pb, V, Cr, Se, Co, Mo, Cd, Hg) in NHJDT,
as well as in water, gastric fluid and intestinal fluid was established. Meanwhile, a high performance
liquid i tively coupled pl spectrometry (HPLC-ICP-MS) method was
developed for the determination of arsenite (As"), arsenate (As¥), monomethylarsonic acid (MMA),

bility and accuracy. All the seven water-soluble vitamins were well separated from other ingredients and Keywords: dimethylarsinic acid (DMA) and for the identification of arsenobetaine (AsB) and arsenocholine (AsC)
Inductively coupled plasma mass : N - N
degradation products. Method comparison indicated good concordance between the developed method spectrometry in these extracts. Both methods were fully validated in the respect of linearity, sensitivity, precision, sta-

and the USP method. The developed method was reliable and
VB, VB, VBg, VC, VBs, VB, and VBg in VMT.

for the rapid d of bility and accuracy. The reliability of the ICP-MS method was further evaluated using a certified standard
Niuhuang Jiedu tablet reference material prepared from dried tomato leaves (NIST, SRM 1572a). The analysis showed that some
Trace element manufacturers formulated lower amount of realgar than required in the Chinese Pharmacopoeia (ChP) in
Arsenic their preparations. In addition, almost same extraction profiles for total As and inorganic As were found
Arsenic species in water and in gastrointestinal fluids, while higher extraction rates for other 19 elements were observed

High performance liquid chromatography
© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Vitamins, natural constituents of food can be classified into 2
main groups: oil- and water-soluble vitamins. A well-balanced diet
supplies all of the required vitamins. However, appropriate vitamin
supplementation is advisable in case of poor vitamins intake or
in pathological conditions with nutritional requirements increas-
ing. Vitamins with Minerals Tablets (VMT) containing 5 oil-soluble
vitamins, 9 water-soluble vitamins and 17 mineral elements, is
considered as a relatively complete formula, and is among the phar-

have been reported for the determination of water-soluble vita-
mins in various matrices, only a limited number of publications
are available for the quantitative analysis of water-soluble vita-
mins in pharmaceutical and dietary supplement multivitamin
preparations with or without minerals. These methods include
spectrophotometry [1-5] and HPLC with ultraviolet (diode array)
[4-17], electrochemical [17), fluorescence [18], mass spectro-
metric [19], ultraviolet/mass spectrometric [20], and diode
array/fluorescence/mass spectrometric [21] detectors. Among
these HPLC methods, only one method equipped with a 4°C ther-

maceutical preparations most widely used for the ation
of vitamins and minerals.

The determination of water-soluble vitamins in VMT is rather
difficult due to their instability and high polarity as well as the
complexity of the matrices. Although numerous methods including
spectrophotometry, titration, high-performance liquid chromatog-
raphy (HPLC), capillary electrophoresis (CE), high-performance
thin layer chromatography (HPTLC) and microbiological assays

* Corresponding author. Tel.: +86 10 85133621; fax: +86 10 65283696 5.
E-mail address: §790101@163.com (P Jin).
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tated [21] was found in our preliminary study
to be suitable for the simultaneous determination of ascorbic acid
together with B-complex vitamins in VMT in the presence of miner-
als, especially copper and iron, which could significantly accelerate
the oxidation of ascorbic acid [8]. However, the use of mass
spectrometry could be hurtling for the popularity of the method.
Moreover, except for [14], these studies did not investigate the
potential interferences from the degradanon products, therefore
were not rig as stability-i ating assays.

In respect of rhe official methods, rhe United States Pharma-
copeia [22] uses HPLC methods with Cg and Cyg columns for the
simultaneous determination of niacin or niacinamide, thiamine,

in gastrointestinal fluids. Our findings show that the toxicities of Hg, Cu, Cd and Pb in NHJDP are low,

while the real As toxicity in NHJDT should be deeply investigated.

© 2015 Elsevier GmbH. All rights reserved.

1. Introduction

Niuhuang Jiedu tablet (NHJDT) is a patented traditional Chinese
medicine used for the treatment of hyperactivity of stagnated fire,
aphthae, swelling and gingiva, throat and eyes aching [1]. Each
tablet contains 3.33 mg of cultivated calculus bovis, 33.3 mg of real-
gar, 133 mg of gypsum fibrosum, 133 mg of rheum palamatum,
100 mg of scutellaria baicalensis, 66.7 mg of platycodon grandiflo-
rum, 16.7 mg of borneolum syntheticum and 33.3 mg of gycyrrhiza
uralensis. Since the mineral drugs of realgar (with As3S; as the main
constituent) and gypsum fibrosum (with CaS04.2H;0 as the main
constituent) were formulated in the pharmaceutical preparation,

* Corresponding author. Fax: +86 10 65283696 5.
E-mail addresses: j790101@163.com, j790101@sohu.com (P. Jin).
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0946-672X/© 2015 Elsevier GmbH. Al rights reserved.

and increasing cases of arsenic poisoning induced by NHJDT were
reported in recent years [2-13], the Sweden's food safety watch-
dog warned “extremely high” level of arsenic (As) in NH]DT, posing
a “very serious health hazard” [14]. Therefore, the determination
of As and other mineral elements in NHJDT is critical for clinical
safety.

In theory, As3Sz and CaS04 are insoluble in aqueous solutions,
whereas only elements dissolved in gastrointestinal tracts could
be absorbed by the body. Therefore the determination of these
elements in gastrointestinal tracts is more important. Because of
the variation of the toxicity levels of different As species, the
determination of dissolved elements in gastrointestinal tracts was
still not adequate for the evaluation of arsenical toxicity. [nor-
ganic arsenicals, including arsenite (As'!) and arsenate (AsV), were
reported to be very toxic, with As'!l being even more toxic than AsV.
Monomethylarsonic acid (MMA) and dimethylarsinic acid (DMA)
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