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ABSTRACT

Radix Scutellariae from different producing areas were processed by
wet digestion, and atotal of 28 metal trace elements, which may be essen-
tial or harmful to human being, were determined using inductively coupled
plasma-mass spectrometry (ICP-MS) firstly. The resultsindicate that the
kind of metal elements in Radix Scutellariae from different area were
basically the same, but the contents maybe different and the contents of
different metal elements change in a wide range with Se 0.1 pg-g'~Mg
5277 ng-g*. Furthermore, take the leaching rate as index, the primary
speciation analysis of metal trace elements in Radix Scutellariae were
performed. The results show that the leaching rates of different metals
aredifferent, i.e., the majority arelower than 30% while severa are higher
than 85%. The higher or lower leaching rates of different metal elements
show that the metal elements can form complexes with other organic
activeingredient in Radix Scutellariae, and the stabilities of the complex
isdetermined by its solubility and the size of the organic ligand. Among
the higher soluble metal elements, they are maybe existed asfreeionsor
binding with lower molecular weight and all of them areformed in small
particles, they are easier to pass through the filter membrane and easily
to be absorbed. The experimental results can provide theoretical basis
for decoction of TCM to acertain extent.
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INTRODUCTION

Theterm “trace element” is applied to a group that
isextremely smal inquantity and playsavita partinthe
metabolism of plantsand animal . Inthe human body,
the trace element is defined as that which makes up
0.01% of the body’s mass. Each element has made a
different contributionin order to makethe human body

function. Essential trace e ementsare needed for opti-
mal function of themammalian organism, for growth,
healing and the activity of many metabolic processes?.
Trace el ementshaveboth acurativeand apreventative
rolein combating diseases. However, non-essential
metal ssuch ascadmium and chromiumlead to adverse
effects, even though they are only present in trace
amounts. Elements, inoneform or another, play anim-
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portant roleinthefield of medicine, including thetrace
elements present in Traditional Chinese Medicine
(TCM). TCM hasgained peopl€e’s satisfaction with its
therapeutic outcomes®# and there are perceptionsthat
herbal medicines are inherently safe®. Despite the
clamedandwidebelief in TCM asbeing beneficial,
there have been reports of acuteand chronicintoxica-
tionsresulting from its use®*¥. The consumption of
TCM contributesto theintake of both essentia and
non-essential trace elements by the human body™4,
Whilemany investigations of thequality of TCM have
been reported inthe current literature™, thereisless
emphasison thetrace e ement content and its specia-
tionanalysisof TCM products*®. Themain reasonfor
trace element monitoringisdueto anincreasein con-
tamination of the genera environment(*”1,

Itisthat teenvironmenta behavior, bioavailability
and physiology, toxicology of trace element isbound
up withits chemical nature and chemical speciation
mode. Inthe study of the TCM relationship between
trace e ementsand human health and disease, it isnot
enough that determination of thetota traceelementsin
the TCM, anditisabsolutely essentia to specify their
chemica formg*?2,

Huang Qin(Radix Scutdllariae) isamedicind plant
officialy listedin the Chinese Pharmacopoeia, and has
been widely used in Chinese and Japanese. It istradi-
tionally used for thetreatment of variousinflammatory
diseases, hepatitis, tumours and diarrhea®?. Radix
Scutellariae containsfour major flavones: wogonin,
wogonoside, baicalein and baicalin, which make up
about 1.3%, 3.55%, 5.41% and 10.11%, respectively,
of thedry material’®. Baicalein (5,6,7-trihydroxy-2-
phenyl-4H-1-benzopyran-4-one) showsavariety of
biologica activities, including anti-thromboti 2, anti-
vird!?d, anti-cancer??, anti-oxidant, antibacterid,, anti-
angiogenic effectd? and anti-inflammatory™® activities.
For along time, peopleonly pay moreattentionto the
study of chemical constituents of Radix Scutellariae.
In recent years, with the deepening of theresearch on
tracedementsin TCM, it isfound that the contents of
tracedementsandtheir formsin TCM aredirectly re-
latedtother pharmacol ogicd activitiesof TCM. There-
fore, thestudy of traceedementsin TCM and their forms
has attracted more and more concern®***, and the ef-
ficacy of radix scutellariaeis studied from theview of
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trace elements have been reported®. Inductively
coupled plasma mass spectrometry (ICP-MS), asa
method of highly sengitiveand smultaneousdetermina:
tion of trace elementsin TCM or natural product, is
applied more and more extensively*®*. Herbal decoc-
tionisthemost commonly used formsof administra-
tion, ingenerd, thewater-soluble metal eement with
theother ingredientsiseffective. Inorder to understand
biologica utilization of radix scutellariaeand medici-
nal mechanism of essential trace e ements content and
its primary speciation anaysisof relevant information,
thesamplesof radix scutellariaefrom different areas
were first processed by wet digestion process, the
scutellariadecoction processweresimulated inthis
paper, the multiple trace el ements content in radix
scutellariae and water decoction were determined by
|CP-M Srespectively, and then their dissolution rates
can becdculated.

MATERIALSAND METHODS

Instrumentsand parameters

ELAN 9000 ICP-MS: PerkinElmer, US; Millipore
ultrapurewater equipment: Shanghal Renhe Scientific
Instrument Co., Ltd, China METTLER eectronic bal-
ance: Hangzhou Fuda photoel ectri c technology com-
pany, China; Vacuumfiltration unit: Tianjin Jinteng Ex-
periment Equipment Co., Ltd, China. Optimization of
the ICP-M Sinstruments operating conditionsand pa-
rametersareshownin TABLE 1.

TABLE 1: Working parametersof ICP-M S

Working Par ameter Setting Value
Atomizer Flow/(L-min™) 0.85
ICP Gas Flow/(L-min™) 14.5
Assistant Gas Flow/(L-min™) 1.40
Atomizer Flow/(L-min™) 0.92
Lens Voltage/V 6
Scan Mode Peak Hopping
Stop Time/ms 50
Integration Time/ms 1000
Curve Type Linear Thru Zero
Data Acquisition Repetitions 3
Detector Mode Dua

Reagents and samples
Concentrated HNO,: Luoyang Chemical reagent
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Co., Ltd., Ching; H,O,: Tianjin Kemiou Chemica Re-
agent Co., LTD, China; HNO, and HCIO, were both
inexcdlent purity. Standard sol ution of 29 dement, Such
asLi, Na K, Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Zr, Mo, Ag, Sn, Ba,
W, Hg, Pb, were provided by Nationd Center of Analy-
sisand Testing for Nonferrous Metalsand Electronic
Materias, and which werediluted to different concen-
trationsof stlandard step by step. Radix scutellariaeorigi-
nated from Henan province and Gansu province, were
purchased in Zhengzhou. All utensiisbeforeusedinthe
experiment wereimmersedin 3% HNO, overnight, then
cleaned and dried.

Experiment

Determination of metal trace elementsin radix
scutellariae

Samplesof radix scutellariaefrom different areas
werefirst weighed, cleaned with distilled water and
ultrapurewater inorder, dried indrying ovenat 60 °Cfor
24 h, and then crushed, sifted (40 mesh), and savedin
thedryer before use.

0.3 gprepared sampleof radix scutellariae was ac-
curately weighed and put into PTFE beaker, 5mL con-
centrated HNO, was poured in and put overnight, then
5mL concentrated nitric acid was additiona added on
the next day. The mixture was heated to boiling and
kept it, 2 mL 30% H_,O, solution was added slowly
drop by drop until the red brown smoke disappeared.
The procedure abovewere repeated until the solution
was colorlessand transparent or light yellow, thenthe
samplewas heated for removing of theacid to nearly
dry. Cooled theresidueto roomtemperatureand trans-
ferred to volumetric flask, then it was adjusted to 50
mL with 3% HNO, and mixed for measurement evenly.
According to the scan result of semi-quantitativeanaly-
sisusing ICP-MS, the determined 29 metal e ements
can bedivided into three categoriesof common metal
elements, essential trace el ementsand harmful metal
elements. Theblank solution, whichwereusedinthe
determination of metal content, by ICP-MS, can be
obtained using the same method above.

Analysisof primary speciation of metal traceele-
ments

259 prepared sample of radix scutellariae was
accurately weighed and put into 150 mL ultrapurewa:
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ter, heated to be boiling for 0.5h, then cooled and fil-
trated. Theprocedurewere repeated four times, crude
filtrateweregathered and mixed throughly. Fltrated with
0.45 pm filter membrane again and the filtrate was put
for use. Thefiltrate can bedivided into crudefiltrate
andfiltrate by 0.45um filter membrane.

Accordingtothesameprocedureas2.3.1, thecon-
tents, solublemetal e ements, extractionyield of sdected
29 metdl dementsinthecrudefiltrateandfiltratewere
respectively determined by ICP-MS. Theleachingrate
can be calculated by theratio of the content of metal
elementsin decoction and total contentsof metal ele-
mentsinsamples. Solublemeta e ementscanbecacu-
lated by theratio of total contentsof metal elementsin
filtrateandin crudefiltrate,

RESULTSAND DISCUSSION

Deter mination of mental trace elementsin radix
scutellariaefrom different ar eas

Accordingtothemethod of 2.3.1 abovementioned,
the contentsof menta elementsintheradix scutellariae
from different areaswere determined and theresult were
showninTABLE 2. (“/” in TABLE 2 is indetectable).

It can be seen from TABLE 2 that the contents of
themetal e ementsin radix scutellariaefromtwo ar-
easaredifferent. Thecontent of 10 elementsinsample
from Henan province are arranged according to the
order fromhightolowisMg, Ca, Fe, Cr, Al, Ba, Cu,
Sr, Zn, Mn, and it isdifferent from thet of the Gansu
province. Resultsof the experiment indicated that fac-
tor of content of metal elementsin soil anditsphysical
and chemical properties, water may havegreat influ-
enceon thecontent of metal traceeementsin sample.

It so should be noted that thereare some harmful
metal elementsinradix scutellariae, such asas, Hg,
Pb. Thereforeit isnecessary to take some measuresto
reducethe content of harmful metal eementsinthera-
dix scutellariae decoction process.

The content of essential metal trace elementsin
samples, suchasFe, Cu, Zn, Mn, isrelatively higher.
These metal trace e ements can interact with other ac-
tiveingredientsand would have asynergistic effect on
thepharmacol ogical effect of radix scutellariae. Metal
element K isnot detected, it may beduetotheinterfer-
ence caused by other meta dementsor matrix.
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TABLE 2 : Contents of metal elements in the radix
scutellariaefrom different areas

Content Content Content Content

anaal (Henan)/ (Gansuy/ aneal (Henan)/ (Gansu)/
(ng/g”) (ne/gr) (ng/g™) (ng/g")
Mg 52770 43538 Pb 27 15
Ca 32488 26001 W 21 55
Na 9321 8683 Hg 21 28
Fe 1821 1442 Ga 19 19
1075 939 zr 19 43
Al 754 8 N 15 3
Ba 716 741 Mo 09 21
Cu 549 234 V 08 07
s 166 319 Li 06 11
zn 157 145 As 06 09
Mn 112 98 S 01 01
Ti 104 75 Co 01 o1
Ag 99 1 S 01 02
Rb 72 32 K / /
sn 53 41

Deter mination of leaching ratesof metal traced-
ementsin radix scutellariaefrom different areas

According to the procedure presented i n subsec-
tion 2.3.2, the contents of mental e ementsintheradix
scutellariaefrom different areaswere determined and
leaching rate of 28 kinds of metd traceelementscan be
calculated. Theresult can beseenfrom TABLE 3.

TABLE 3 : Leaching rates of metal trace elementsin the
radix scutellariae from different areas

Leaching Leaching Leaching Leaching

M etal rate rate M etal rate rate
element (Henan)/ (Gansu)/ element (Henan)/ (Gansu)/
% % % %
Li 46.0 30.0 Zn 26.7 31.6
Na 30.1 19.7 Ga 7.3 9.2
Mg 27.9 25.2 As 15.9 15.3
Al 49 75 Se 0.6 5.0
Ca 14.7 15.0 Rb 17.1 27.8
Sc 24 5.4 Sr 28.3 17.2
Ti 8.9 12.0 Zr 6.4 8.2
\Y 16.9 191 Mo 6.7 51
Cr 30.0 33.9 Sn 14.3 15.9
Mn 16.0 16.3 Ba 85 9.6
Fe 5.3 8.2 w 6.1 6.2
Co 11.6 10.7 Ag 12 31
Ni 16.9 6.1 Hg 12.3 14.8
Cu 2.3 4.9 Pb 12.0 222

It can be seen that the leaching rates of most of the
metd trace elementsarelower than 30%, and and that
of 28 metal trace elementsdiffersgreatly from each
other. Itisknown that the organic componentsin radix
scutellariaearemainly hydroxyl, amino, carboxyl and
carbonyl ligands, which can form complexeswiththe
metal el ements.

Some metal traceelementsinradix scutellariae,
such asCa, presentsin abundance, but their leaching
rate have no obvious difference with others. The ex-
periment resultsindicatethat theleaching rateof ameta
trace element is not directly related to its contents,
wheressitismainly depend onthe chemica speciation.

The metal trace e ements, such asAs, Hg, Pbin
samples, areharmful to human body, and their leaching
rates arelower than others. The dissol ution of metal
trace el ement in samplesisoften accompanied by the
dripping of activeingredient, and theleve of metd trace
element stripping can reflect thelevel of stripping of
activeingredient. Theresultsd soindicatethat the TCM
processingisasoakind of efficacy enhancing and tox-
icity reducing.

Analysisof solublemetal traceelementsin radix
scutellariaefrom different areas

According to theprocedure of primary speciation
andydsof metd dementsdescribedin2.3.2, thesoluble
of metd traceelementsin radix scutellariaefrom dif-
ferent areasare calculated and shownin TABLE 4.

Thereareno significant differences of thesoluble
metal tracee ementsinradix scutellariae between the
two producing areas, and some of soluble metal trace
elements, Li, Na, Mg, Ca, Ti, V, Cr, Rb, Sr, Mo, Sn,
W, Hg, are at the range of 85% ~ 110%.

It can be seen that the measured values of severa
solublemetd tracedementsinradix scutellariaemaybe
higher than theactual va ue. Thismay becaused by the
sample contamination of e ementsfrom environment or
reagent, or the combination between tracee ementsand
organicligandsinradix scutellariaeisweak, which
leads el ementsor ligand exchange adsorption occurred
during the process of treatment and separation of ra-
dix scutellariae. Practicaly, that the sample contami-
nation and element lossisacommon probleminthe
processof determination and Speciation anaysisof metd
traceelement in TCM. There are advantages of high
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efficiency and sengitivity, meanwhilethereare disad-
vantages of sampleblank, contamination and element
losswhen using ICP-M S applied for determination of
metal traceelementsin TCM by. Therefore, It should
be pay attention to and improvethe pretreatment pro-
cedurefor determination of trace elementsin natural
productsusing ICP-MS.

TABLE 4 : Comparison of solubleof metal traceelementsin
radix scutellariaefrom different areas

Soluble  Soluble

Soluble  Soluble

anetal  (Henan)! (Gansu)l A2 (Henan)/ (Gansu!
% % % %
LU 926 942  zn 901 1772
Na 934 929 Ga 959 1228
Mg 89 912 As 1119 1281
Al 1068 1833 Se 3000 354
Ca 1008 86 Rb 912 906
sc 2004 2183 & 913 890
T 991 1073 zr 1198 1235
V 952 1022 Mo 84 1025
c 977 975  Sn 860 863
Mn 1577 900  Ba 921 1147
Fe 995 1531 W 930 1073
Co 1266 1569 Ag 1198 845
Ni 933 1478 Hg 904 841
Cu 1022 1074 Po 1115 2476
CONCLUSION

Theinformation about the contents of metd trace
elementsinradix scutdlariaeanditsprimary form can
be got from simulation of radix scutellariae decoction
with wet digestion process and determination of metal
traceelementinradix scutellariae by ICP-M S. Resullt
showsthat metal trace el ements can form complexes
with other ingredientsinradix scutellariae, anditsdis-
solutionisnot isolated. Meta tracee ementsof thedis-
solution ratescan reflect the dissol ution of effectivecom-
ponentsinradix scutdllariae; Solublestatemoleculesin
radix scutdllariaecan beintheform of freeionsor small
molecular complexes, andit iseasy to be absorbed by
human body. Theresultsof metal trace elements con-
tentinradix scutellariaeand itsprimary speciation anay-
sis, can providethetheoretical basisfor decoction of
TCM toacertain extent.
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