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Liquid chromatographic deter mination of certain isoquinoline alkaloid
by a cloud-point extraction method with diatomite bonding magnetite
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ABSTRACT

A synthesis of magnetic Fe,O,-doped diatomite nanoparticles (MNPS) to
capture an anionic surfactant (SDBS) was described this paper, Using the
above surfactant as an extractant to concentrate three kinds of isoquinoline
akaloids in which measured human urine by HPLC. The method affords
significant simplification of the conventional CPE procedures without re-
quiring specialized apparatus, thereby alleviating the need for specific sample
handling treatment such as centrifugation. Furthermore, compared with con-
ventional sorbents, analytes can be extracted from larger samplevolumes at
lower extraction timeswithout any filtration step. The lower limits of quan-
tification were 0.3 ng/mL for all analytes. The extraction recoveries were
87.5% for coptisine, 92.1% for palmatine, and 95.2% for berberine on aver-
age. The validated method was used to study the pharmacokinetic profile
of the three isoquinoline alkaloid in urine after oral administration of the
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INTRODUCTION

Samplepreparation iscons dered asthemost criti-
ca stepinoveral anaytica processsinceit hasamul-
tifarious role related to analyte extraction,
preconcentration and clean-up from co-existing spe-
cies. Cloud point extraction (CPE) with dispersivemi-
cro solid phase extraction (D-u-SPE)™ (C-Fe,O,/
CMNP)@ solid-phaseextraction and preconcentration
of traceamountsHg(I1) from environmental samples
was devel oped by using sodium dodecyl e sul phate-
coated magnetite nanoparticles (SDS-coated Fe,O,
NPs)® Simple cloud-point extraction (CPE) for SDBS
extractionin herbal medicinedoesnot lead to phase
separation, and asaresult, CPE process can only be
carried out by centrifugation (C-CPE). Centrifugal op-

eration, however, haslimited processing capacity ow-
ing it tothe small operation volume of the centrifuge
tube. Inview of theabovediscussion, amodificationto
CPE isdescribed by resorting to the benefits of hydro-
phobic magnetic nanoparti clesasacollection medium
of the extraction phase. If CPE must be enlarged for
drug measure analysisfor continuous operation, the
MNPS-CPE hasto be adopted. Using anionic surfac-
tant (SDBS) in CPE under the conditionsof phase sepa-
ration resultsto ahigh cloud point. The high tempera-
turerequired to make theinsul ation and the strong ther-
mal motion makes phase separation hard to accom-
plish, thusrendering it unsuitablefor the separation of
heat-|abile subgtances. If surfactant (SDBS) synthesized
MNPSwereto be combined with an easily extractable
enrichment structure, the MNPS-CPE-based systems
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arelikely to have alow cloud point, acharacteristic
that issuitablefor theenrichment of kaoids.
Inrecent years, duetother largesurfacearea, high
number of surfaceactivesites, andrelatively rapid and
easy magnetic separation viamagnetic field, magnetic
polymeric particleshave been used in biomedica and
bioengineering“®. Moreover, because of their unique
characteristic and strong adsorption ability, they aso
offer great potentia in severd areasof gpplication, such
as being an adsorbent for removal and/or
preconcentration of many kinds of inorganic and or-
ganic pollutantsincluding pesticidesand metd iong™9.
CoptidisRhizoma(Huanglian), awidely used tra-
ditiona Chinesemedicine(TCM), hasbeen used for
centuriesfor treating dysentery, hypertension, inflam-
mation, and liver diseasesd’Y, ThisTCM isderived
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fromthedried rhizomeof ranunculaceousplant such as
CoptischinensisFranch, Coptisdeltoidea C.Y. Cheng
et Hsiao., or CoptisteetaWall. and isknown to con-
tain berberine, pamatine, and coptisine (structures
showninFigurel). Theseprotoberberineakaoidsare
themajor bioactive components.

In previous pharmacokineticsstudies, berberinehas
been reported in humans using non-specific methods
such asUV spectrophotometry, fluorometry, tritium-
labeling, gaschromatography-chemica ionization mass
spectrometry, and HPLC*213, The quaternary
protoberberine-type aka oidsberberine and pamatine
arethe main active componentsof C. rhizome, and P.
cortex. Despitethe extensiveliterature onthe pharma:
cology of berberineand pamatine, littleinformationis
availablerdatingto their pharmacokinetics.

Ni <2Ni

| OCHs | o
i OCH, O o>

Coptisine

Figurel: Thestructuresof berberine, palmatine, and coptisine

The present study introduces anew type of mag-
netic microsphere, the CPE method supplemented with
high-performanceliquid chromatography (HPLC) and
UV-visibledetection, for thedetermination of berberine,
almatine, and coptisinein Traditional Chinese Medi-
cine. Experimental parametersof the method were op-
timized, and therdiability of theactud drugswereeva u-
ated. The method can accurately measure and deter-
minethe presence of the three alkaloidsin different
Chineseherba medicineand biologica fluids, thusdem-
ondtrating thefeasibility of MNPS-CPE.

EXPERMENTAL DETAILS

Materials

Berberine, pamatine, and coptisine(purchased from
Chengdu Must Bio-Technology Co., Ltd.) were used
asreagentswithout further purification. Thestock solu-
tion (1.0mgmL"™") wasprepared by dissolving 100 mg
of thedrugin 100 mL of methanol. Working standard

sol ution was obtained through the appropriatedilution
of the stock solution. HPL C-grade acetonitrile was
purchased from Tianjin Guangfu Fine Chemical Re-
search Ingtitute (Tianjin, Ching). Sodium dodecy! ben-
zenesulfonate (SDBS) was obtained fromAcros Or-
ganics(Ged, Belgium). Water extracted withthe Milli-
Q Purification System (Millipore, Bedford, MA, USA)
was used throughout the study. All reagentsused are of
analytical grade, and all the solutionsused for HPLC
werefiltered through 0.45 um membranes prior to the
experiment.

The Shuang huanglianand Yi gingkeli medicines
were purchased from Hebei provincein China. Chro-
meatographic anaysiswasperformed onanAgilent1200
HPL C system (Cdifornia, USA) equipped with avari-
ablewave ength detector, and an automatic samplein-
jector. The anal ytes were separated on aSpursil C
column (5 um, 4.6 mm x 250 mm, Dikma Limited)
with Spursil C ,Guard Cartridges (5 um, 2.1 mm x 10
mm, DikmaLimited). Themobile phasewasacombi-
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nation of 0.1% phosphoric acid and 0.02% SDS, which
wasddivered a aflow rate of 1 mL/min. The column
temperaturewas 30 °C, whereas the wavelength used
was 345 nm. A vortex shaker (QL-861, Haimen,China)
and an ultrasonic cleaner (KQ3200DE, Kunshan,
China) wereused for the treatment of the samples. All
glassware used in the experiments were washed with
deionized water and acetone and then dried at room
temperatureprior to use.

Methods
(a) Synthesisof puremaghemitenanoparticles

Pure maghemite nanoparticleswere prepared ac-
cordingto exigting literaturé®9, In thetypica synthe-
sisof monodisperse Fe,0, NPSwith mesoporousstruc-
ture, FeCl,-6H,0 (0.8 g) wasdissolvedinEG (16 mL)
toform athick yellow liquid, towhichNaAc (2.4 g)
and ETH (8 mL) wereadded. Themixturewasvigor-
oudy stirredfor hadf anhour, and then sededinateflon-
lined stainless-sted autoclave (50 mL capacity). The
autoclave was heated to and maintained at 200 °C for
8 hbeforeit wasallowed to cool to room temperature.
Theresulting black productswerewashed severd times
with distilled water and ethanol, and dried at 60 °C in
vacuumfor 8 h.

(b) Fabrication of Fe,O,-doped diatomite
nanoparticles(MDDNPS)

Theabove process can be extended to the synthe-
sisof Fe,0,-doped diatomite nanoparticlethrough hy-
drothermal synthesis. The0.3 g of diatomitein24 mL
of EG was subjected to ultrasound dissolution toform
aviscousydlow liquid. Thiswasfollowed by theaddi-
tion of 0.6 g of FeCl_-6H,0 and 1.2 g of NaAc. The
mixture was vigoroudly stirred for half an hour, and
sededin ateflon-lined stainless-stedl autoclaveinthe
samemanner themaghemite nanoparticleswerestored.
Prior todrying at 60 °C in vacuum for 8 h, the products

werewashed severd timeswith didtilled water and etha-
nol16.17,

Extraction procedure

(2) SUF-DLLME step

Aliquotsof standard drug solutionweremixed with
1 mL of Britton—-Robinson buffer solution (pH 4.0) and
0.4 mL of SDBSextracting solution beforethevolume
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of thewhole mixtureswereincreased to 10 mL with
doubledistilled water, and 1.2 g of MgCl, was added.
All experiment processwere performedinanicebath.
After themanua concussion, themixturewasdispersed
throughout the comparison tube.
(b) MR- SUF step

A magnet was held at the bottom of the graduated
centrifuge tube containing 0.035 NPs, while another
onewasgently swept around the outer wall of the cen-
trifugetubeto concentrate the nanoparticles. After the
sedimentation of Fe,O, MNPS, thesamplesolutionwas
carefully removed using adrip tubeand amicrosyringe.
Subsequently, 0.2 mL of organic solvents, including
methanol and acetonitrile, wasinjected into the centri-
fugetubeto desorb the surfactant (SDBS). Sonication
for 60 swasperformed, beforethe nanoparticleswere
isolated from the sol ution using amagnet. Ontheother
hand, 10 uL of the collected organic solvent was in-
jectedintothe HPLC system for analysis. All experi-
mentswere conducted intriplicates.

Chromatogr aphic conditions

Theflow rate was set to 1 mL/min. The mobile
phase and the sampl e solution werefiltered through a
0.45um membrane before they were injected into the
HPLC system. The detection wavelength was set at
345 nm, and the column temperature was maintained
at 30 °C. Mobile phase A was composed of 0.1%
phosphoric acid and 0.02% SDS, whose pH vauewas
adjugted to 3.0 with triethylamine, whereesmobile phase
B contained acetonitrile. Gradient el ution conditions
were set at 0-15 min for 30%—-40% B, and at 15-25
minfor 40%-50% B. UV absorbances at 345 nm were
monitored by using aUV detector, and theresulting
peak areawasused for quantification.

RESULT AND DISCUSSION

Char acterization of magnetic particles

The morphologies of the Fe,O, and the
Fe,0,@diatomite sampleswereexamined by SEM and
XRD, asshownin Figure 2. Figure 2ashowsthe SEM
image of the Fe,0, sample, and it can beclearly seen
that the sample is composed of many spherical par-
ticleswith diameter measurementsof about 90 nm. This
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image exhibits that the surfaces of prepared Fe,O,
magnetic nanospheresare not smooth. SEM image of
the Fe,O,@diatomite sampleisshownin Figure 2b,
and it could be observed that Fe,O,@ diatomite
nanocomposite hasasmooth silicasndl with adiam-
eter of about 5-10 nm.

XRD wasused to characterizethe chemical struc-
ture of the samplesobtained. Figure 3 showsthe XRD
patterns of the Fe,O,, the diatomite and the
Fe,O,@diatomite nanocomposites. All the expected
diffraction pesksat 26 =30.26°, 35.69°,37.2°,43.1°,
53.55°, 57.38°, and 63.02° for Fe,O,@ diatomite

= Fyll Poper

(curves @) nanocomposites were observed, a result
whichisinagreement withthe X RD pegksof pureFe,O,
nanospheres (curve C). These peaks correspondto the
(220),(331),(222),(440),(422),(511),and (4
40) Braggreflectionsof Fe,0,, respectively, indicating
that the Fe,O,@diatomite nanocompositesdid not re-
sultto any changeinthecrystal structuresof theFe,O,
nanospheres. Theabsence of the diatomite peak inthe
XRD pattern of the Fe,O,@ diatomite sampleisdue
to its amorphous structure coated on the Fe,O,
nanospheres. In addition to the diffraction peaksthat
correspondto Fe,O,, there also existsthree other dif-

34

Figure2: (a,b) SEM imagesof Fe,0,, Fe,O,@ diatomite samples
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Figure3: Typical XRD patterns(a) Fe,O,@ diatomite(b) diatomite(c) Fe,O,.
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fraction peaks (1abel ed with the symbol #). The posi-
tion and intensity of the diffraction peaks match well
with (101), thecrystal facesof cubic phasediatomite.

Calibration of enrichment factor and extraction
recovery

To evaluate the performance of the proposed
method, thevauesfor extraction recovery and enrich-
ment factor were calculated. Egs. (1) and (2) were
applied for calculating enrichment factor (EF) and re-

covery (R), respectively:
EF = —=d @

where C__, isthe concentration of the analytein en-
riched phasg; and Cistheinitia concentration of andyte
inthesamplesolution.

R:Mxloo%:Eva—sedme% %)
0><V',Jq aq

where V sed isthe volume of the enriched phase; and
Vaqisthevolumeof thesamplesolution.

Optimization of thepar ameter saffecting MNPS-
CPE

To optimizethedescribed method for the separation
and preconcentration of the alkaloidsin Traditional
Chinese Medicine, variousanaytical parameterswere
optimizedincluding thepH of the sample solution, type
and concentration of the surfactant, quality of the
MNPS, and the effect of salt usage in the aqueous
sample and desorption condition. All theexperiments
were conducted using astandard mixture containing 10
ug/mL berberine, 10 pg/mL palmatine, and 10 pg/mL
coptisine. All the optimization experimentswere con-
ducted threetimes,

(a) Typeand quantity of the surfactant

There are variouskinds of surface-active agents
that may be employed in classical CPE!*3, and the
most often being used are of theanionic, doubleionic
(zwitterionic), and non-ionictypes. Theouter surface
of hemimicelles is hydrophobic whereas that of
admicellesisionic, two characteristicswhich provide
different mechanismsfor theretention of organic com-
pounds, but are both suitablefor the SPE method. In
themixed hemimicelle phase, both hemimicellesand
admicellesareformed in the surface of mineral ox-

Hnalytical CHEMISTRY o

ides, and the adsorption isdriven by both hydropho-
bic and el ectrostatic interactions. Between the two
surfactants used, SDBS was better at the separation
and preconcentration of the alka oids. Moreover, the
concentration of surfactant isalso an important pa-
rameter to cons der, because the concentration should
be sufficient for the quantitative extraction of thetar-
get analyte. As shown in Figure 4, the recovery of
threealkal oidsinitially increased when volumeof the
surfactants rose up to 0.4 mL, and from that point
onwards, it remained constant. Accordingtothesere-
sults, 0.4 mL of SDBSisidea for the method being
developed.

(b) lonicstrength

lonic strength is also one of the factorsto con-
sider in optimizing the performance of CPE!**?%, The
addition of salt can cause anionic or cationic surfac-
tant solutionsto separate into immiscible surfactant-
rich and surfactant-poor phases. Several inorganic
sdts, includingMgCl., NaCl, and GaCl,. weretested.
MgCI, emerged to be the best, because of the high
recovery efficiency value obtained for it. Resultsshow
that the addition of MgCl, facilitatesthe separation
between the surfactant-rich phase and the aqueous
phase. To study theinfluence of theionic strength on
the extraction recovery, the quantity of MgCl,was
variedfrom 0.6 gto 1.4 g. Ariseinthequantity of salt
causestheincreasein themicelle sizeand theaggre-
gation number, whilethe critical micellar concentra-
tion remains constant. In addition, analytes possibly
become |ess solublein the solution at higher salt con-
centrations, and thusthis contributesto higher extrac-
tionrecoveries. Theresult obtained from Figure5in-
dicatesthat the CPE at salt quantity of 1.2 g givesthe
optimum extraction recovery.

(c) Amount of MNPS

The selection of desired functional MNPSis ex-
tremely important to the method becauseit significantly
influencesthe extraction efficiency. MNPS, such as
Fe,O, nanoparticles, havefound wide acceptancein
many chemica analysesbecause of theadvantagesthey
boast, whichincludetheir smple, inexpensveand high-
yielding preparation method, their good adsorption ca-
pacity, their superparamagnetism, and their [ow toxic-
ity!?124, Substantial effort has been expended toward
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modifying thenanoparticlesbeforeutilizingtheminvari-  target analytes were obtained at 35 mg of MNPS.
ous separation procedures?*24, The amount of the Massesgreater than 35 mgled to adecreasein recov-

MNPSwasvaried from 10 mgto 40 mg. Asshownin ery, whichindicatesthat target analytes could not be
Figure6, the highest recoveries(87.5-92.1%) for three  completely e uted with methanol.
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Figure4: Effect of thevolumeof SDBSexperiment conditions: concentration of drugs, 200 ng/mL ; amount of MgCl,, 1.2g;
pH, 4.0; amount of M NPS, 35mg.
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Figure6: Effect of theamount of M NPSexperiment conditions: concentration of drugs, 200 ng/mL ; volumeof SDBS, 0.4mL ;

amount of MgCl,, 1.2g; pH, 4.0.

(d) pH

In recently developed CPES, schemes based on
ionic surfactants were used to effectively extract
charged analytes®!. Thecharge density of theminera
oxidesurfaceisamainfactor affectingtheadsolubilization
of analytes, andit variesstrongly with pH. In effect, pH
isavery important parameter for the adsorption of tar-
get compounds. The pH of the standard solutionwas
adjusted with theaddition of 20 mL of buffer solution,
anditsvauewasvariedfrom 2.0to 7.0. Theresultsfor
the optimization of thepH vadueareshowninFigure7.
Theandytica sgnd for theextraction recovery reached
itsmaximumat pH 4.0.
(e) Desor ption condition

Organic solvents can easily disrupt the mixed
hemimicellestructures, and theatachment of theandyte
to the surface of the MNPS. The desorption of the
analyte from the diatomite-coated Fe,O, NPS was
studied using different organic solvents, including ac-
etonitrile, methanol, acetone, and themixtureof metha
nol/acetonitrile(1:1). Themaximum extractionratewas
observed when 0.2 mL of both methanol and acetoni-
trile (1:1 methanol/acetonitrile) was used. Toimprove
therecoveries, diatomite-coated Fe,O, NPSwere soni-
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cated for 20 s during each desorption process.
Method validation

To evaluate the proposed MNPS-CPE method,
some parameterssuch aslinearity, reproducibility, and
EFswere determined under the described extraction
conditions. Theresultsarelisedin TABLE 1. Thecdi-
bration graph for each and yte was constructed by per-
forming extraction from three standard sol utions con-
taining al theanadytesat concentrationsranging from 1
ng/mL to 1000 ng/mL intriplicates Thecdibration curve
waslinear intherangeof 0.1-1000 ng/mL for the three
target andytes. Thecdibration curvesgaveahighleve
of linearity, yiel ding coefficients of estimation (R?) of
0.9998, 0.9999, and 0.9999 for berberine, palmatine,
and coptisinerespectively. Thelimit of detection (LOD)
for theanalytes, calculated at asigna-to-noise (S/N)
ratio of 3, ranged around 0.3 ng/mL. Therepeatability
of themethod, expressed as percentagerel ative stan-
dard deviations (%RSDs), was eva uated for fiverep-
licate experiments of aqueous standard solutionswith
concentrationsof 10 pg/mL each alkaloid. The %RSDs
wereillustrating sati factory repestability. The EFs of
thethreeakaloid, which werederived from the chro-
matographic peak areas of astandard solution before
and after extraction, werein therange of 40-501,
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Figure7: Effect of thepH experiment conditions: concentration of dr ugs, 200 ng/mL ; volume of SDBS, 0.4mL ; amount of

MgCl,, 1.2g; amount of MNPS, 35mg.

TABLE 1: Analytical parameter for thethreeisoquinolinealkaloid (n =8)

Analyte Linearity r_?nge R2 Precision Enrichment LOD_1 LOQ_1
(ngmL™) (RSD, %),n=8 factor (ngmL™) (ngmL™)
Berberine 5-2000 0.9998 1.28 437 0.03 0.05
Palmatine 5-2000 0.9999 132 46.1 0.03 0.05
Coptisine 5-2000 0.9999 1.14 47.6 0.03 0.05

Application of themethod to actual samples
(a) Analysisof tablets

To vaidatetheaccuracy and precision of thepro-
posed method under the sel ected conditions, Shuang
huang lian and aclear particlepillswereobtained, and
milled through 2100 mesh seve. Tenmgof thesamples
weretaken, and boiled for half an hour. Afterwards,
0.1 mol hydrochloric acid wasadded. The samplewas
filtered with a0.45um film, and itspH valuewas ad-
justed to 4. accurate shift 2 mL of the above mentioned
solution of Memberto col orimeter tube and then by the
above extraction step enrichment and separation andy-
sisliquid. Resultsof theanaysisof theliquid sample
and the spiked sampleswith HPLC-UV areshownin
TABLE 2.

(b) Phar macokineticanalysis
After oral administration of three 0.1 g berberine

hydrochloridetablets by five healthy volunteers, the
concentrations of berberinein their urinewere de-
termined by the MNPS-CPE method being described
in the present study. The measured mean urine con-
centration—time profiles (n =5) arerepresented in
Figure8.

Comparison of MR-SUF-DLLME method with
other samplepreparation techniques

Comparisons between the present MNPS-CPE
method and other sampl e preparati on techniques such
ad?® inthe aspects of linearity, LODs, %RSDs, and
EFsareshowninTABLE 3. Theanayticd performance
of the present MR-SUF-DLLME-HPLC method is
comparableto that of other reported microextraction
methods coupled with HPL C for the determination of
the Chineseherbd medicine. Moreover, no centrifuge-
tion step isneeded in MNPS-CPE, thusresulting in
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TABLE 2: Determination of therecovery for thismethod (n=5)

sl Base value (ng mL ™) Quantity added (ng mL™) M ean recovery (%)
mpie
P Berberine Palmatine Coptisine Berberine Palmatine Coptisne Berberine Palmatine  Coptisine
Yigingkeli 79.4 239 17.2 50 10 10 95.95+1.25 97.56+1.53 100.44 +2.01
100 20 20
Huanglian shuang ~ 83.8 224 16.2 50 10 10  10221+1.70 9865+1.82 9506+ 1.54
gingwan 100 20 20
35
30 -
~ 25
Ao
o
g 20
(4]
¥
o
D_ 15 1
10
5 T T T T T T T
0 2 4 6 8 10 12 14 16
Time
Figure8: Themean urineconcentration-timeprofiles(n =5)
TABLE 3: Comparison linearity and LOD with other methods
Linear range (ng mL™* LOD (ngmL™*
Technique ge (ng ) (ng ) Reference
BER PAL CcCoP BER PAL COP
HPLC-UV 50-50000 - - 10.0 - - (27
HPLC-DAD 100000-880000 12500-300000 13500-270000 104 113 143 (28]
HPLC-MS-MS 1.0-250 1.0-250 - 1.0 1.0 - (29
HPLC-MS-MS - 0.1-500 - - 0.1 - (0]
LC-ESI-MS 0.31-20 0.31-20 0.31-20 031 031 031 3]
UPLC-PDA 322-96600 375-12500 - 60 75 - (52
UPLC-MS 6.45-645 4.5-450 - 1.2 1.5 - (53]
Sweeping-CE 10-50 10-50 10-50 25 25 25 (34
MEKC 103000-620000 20000-241000 31000-187000 34300 6700 13300 5]
MNPS-CPE-HPLC-DAD 0.1-1000 0.1-1000 0.1 -1000 0.03 0.025 0.025 Thiswork
EFsthat are higher than most of the other reported ex-
traction methods. Furthermore, the extraction process CONCLUSIONS
wasmodified into asinglestep, makingit smpler than
other DLPM E-based methodg?!. A new magnetic adsorbent was prepared based on
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modified Fe,0, nanoparticlesandincorporated into a
diatomite. The devel oped MNPS-CPE method was
successfully applied to theefficient enrichment of some
Chinese herba medicine samples. Based ontheresults
obtained, the method s mplified conventiona CPE pro-
cedureswithout requiring any specialized apparatus,
thereby diminating specific samplehandling treetments
such as centrifugation. Furthermore, MNPSisstable,
which meansit could be used for many cydeswithmini-
mal lossonitsrecovery. To the best of our knowledge,
thisisthefirst report onthe use of MNPS-CPE extract
for thethreeakal oids, namely berberine, pdmatine, and
coptisne. TheMNPS-CPE hasagreat potentid in ex-
ploring waystoimprove other CPE methods.
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