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ABSTRACT

The feasibility of employing cationic surfactant cetyltrimethyl ammonium
bromide (CTAB) asan alternative and effective solvent for the microwave-
assisted extraction of alkaloids from Rhizoma Coptidis was demonstrated.
When compared with anionic and nonionic surfactant solvents, CTAB en-
hanced the extraction efficiency. The optimal extraction parameters based
on the microwave-assisted micellar extraction technique were investigated.
Under optimal conditions, i.e. 0.468 g/L CTAB, microwave-assisted extrac-
tionfor 11 min at 70 °C, the extraction recovery of seven akaloidsreached
over 91.6% inaone-step extraction. Furthermore, the combination of micro-
wave-assisted extraction and cationic surfactant micellar extraction was
shown to be agreen, rapid and effective approach for alkaloids of Rhizoma
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Coptidis samples.

INTRODUCTION

Rhizoma Coptidis(RC), knownas ‘Huanglian’, is
acommonly used Chinese herb drugwith theeffects of
clearing heat, drying up dampness, purging toxicosis
and detoxicificationin Chind. Itisknownto contain
berberine, palmatine, coptisine, epiberberine,
jarorrhizine, columbamineand berberastine (structure
areshown asFigure 1). Theakaloidsexhibit agreat
variety of biologica and pharmacologicd activitiesin-
cluding anti-microbid, anti-diarrhoea, anti-digbetic, and
anti-cancer’?9, Thus, the separation and purification of
alkaloidsfrom RC isnecessary for usto evaluatethe
biochemical activity or takefull advantageof its medi-
cd vaue

Several extraction techniques have been reported
for the separation and extraction of alkaloidsin RC,
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including heating reflux extraction®, macerationat room
temperature, Soxhlet extraction™ and microwave-as-
sSgant extraction (MAE)®. Traditiondly, dbundant vola-
tile organic solvents, including methanol, ethanol, ac-
etone, and some mixed solvents, were utilized to ex-
tract aka oidsfrom the Chinese herb. Microwave-as-
sisted extraction (MAE) has been adapted for many
scientific gpplications, including theextraction of pesti-
cides, metals, pollutantsand natural products®l. De-
spite the advantages of reduced solvent usage and
shorter extractiontime, most of extractionsarestill make
useof organic solvents. Thus, thedeve opment of highly
efficient and environmenta friendly pretrestment meth-
odsisof great interest.

Recently, microwave-asssted micdllar extractionis
receiving much attention becauseitisasimple, fast,
low-cost, easy-to-handle and non-toxic procedure a
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Figurel: Sructuresof seven alkaloids: 1.berberastine; 2. columbamine; 3. jatrorrhizine; 4. epiberberineg; 5. coptisine;

6. palmatine; 7. berberine.

possibledternativefor theextraction of different prod-
uctsfrom plant matrices*>4, Aqueous non-ionic sur-
factant as solventsin the M AE of organic compounds
has drawn greater attention. However, aqueous cat-
ionic surfactant assolventsinthe MAE of naturd prod-
ucts has not been reported in theliterature. Aqueous
cationic surfactantsmaybe exce non-ionic surfactants
inextraction efficiency of aka oidsbecauseof theprin-
cipleof smilitude between solute and solvent.

Thispaper offersanovel methodthatisfast, smple
and freeof organic solvents, and seven akaoidscan
be extracted with better recovery rate as compared to
agueous non-ionic surfactant as solvents. At the same
timevariousexperimental parameters such astempera-
ture, timeand concentration of thesurfactant wereevalu-
ated.

EXPERIMENT

Materialsand reagents

Rhizoma Coptidiswaspurchased from pharmaceu-
tical company (huichun tang) in Nanchang, China. The
dried samplewas grinded and the powder wassieved
withawidth of 50 mesh. Berberinechloride, jatrorrhizine
chlorideand pamatinechloridewere obtained from Na-
tional Ingtitutefor the Control of Pharmaceutical and
Biologica Products(Beijing, China). Coptisinechlo-
ride, epiberberine chloride, columbaminechlorideand

berberastine chloride wereisolated by the modified
method described inthe papert®®. Theseadka oidswere
identified by MS, IR and NMR. The purity of these
four dka oidsare>98%. Thenon-ionicsurfactants Triton
X-100, cationic surfactants cetyltrimethyl ammonium
bromide (CTAB), and anionic sodium dodecyl
sulfate(SDS) were obtained from Sigma (St. Louis,
MO, USA) . Itssolution was prepared in de-ionized
water. 1-Ethyl-3-methylimidazoliumtetrafl uoroborate
((EMIM]BF,) wasaso obtained from Sigma(St. Louis,
MO, USA) . HPL C-grade acetonitrile and methanol
were obtained from Tedia Company, Inc. (Fairfield,
Ohio, U.S.A). All other reagents were of analytical
grade.

Microwave-assisted micellar extraction of alkaloids

Focused microwave-assisted extractionswere per-
formed at atmospheric pressure using aMicrowave
Synthesis System apparatus (XH-100A, Beijing
Xianghu Science and Technology Development
Co.,LTD, Beijing, China) equipped with aninfrared
temperaturecontrol system, gtirringand cooling options.
Thecoolingiscarried out by meansof aflow of water.

One-gram sample of RC were poured aglassves-
sel, 30 mL of different solvents (ethanol, purewater,
1.68g/L SDS, 1% TX-100) containing various con-
centrations (v/v) of agueous cationic surfactant solu-
tions. Thevessel was placed in the microwave oven
andwasheated at some preset extraction program. The
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extractswerethen centrifuged at 4000rpmfor Smin.
Thesupernatant wastransferredin a100 ml volumetric
flask, diluted to volumewith extraction solution. The
solution wasfiltered through a0.45um membraneprior
toinjectionintothe HPLC system.

Theextraction recovery of alkaloidswasdefined
asfollows
themass of compound
in extractionsolution
themass of compound
insample

Themassof eechdkdoidinextraction solution (one
step extraction) wasanadyzed by RP-HPLC. Themass
of each aka oid in samplewasdetermined by anadysis
of thetotal extraction solutionsby Soxhlet extraction
with 70% ethanol solutionfor 6 h.

HPLC analysis

HPLC andys swasperformed on HP1100 system
(Agilent Technologies, Cdifornia, USA) equipped with
amanud injector and an ultraviolet detector. For data
andyd sand cd culaion Chemgtation softwarewasused
(Agilent Technologies). Thealkal oidswere separated
onaspherigel C; andytica column (4.6mmx 250 mm,
5 um, Johnsson Dalian, China) using duentsof 50 mvi
[EMIM]BF, and acetonitrile(V:V=6:4) inisocraic sys-
tem. Theinjection volumewas 10 uL . The detection
wavelength was set 266 nm.

recoveryof _
alkaloid (%) —

x 100

RESULTSAND DISCUSSION

Comparison of CTAB with conventional extraction
solvents

Efficiency for extraction was compared between
0.468 g/L CTAB, 1.68 g/L SDS, 1% TX-100, etha-
nol, and pure water. From Figure 2, it can be seen
that agueous cationic surfactant solutions provides
larger recoveriesfor seven akaloids, inaddition acidi-
fied solution (pH =1) can asoincreasetherecovery
of akaloidsdueto solubility enhancement with chlo-
rideionicform. Extraction efficienciesof aqueoussur-
factant solutions except for SDS solution are higher
than purewater and ethanol. Presumably cationic and
nonionic micellesswell the organic mattersand more
thoroughly diffuseinto the solid matrix, increasing the
mass-transfer coefficient during desorption of soluble

ingredientsfrom the plant matrix to water. However,
anionic micelles swell a so the organic mattersand
diffuseinto the solid matrix, but produce precipita
tionwith alkal oidsand impede dkal oids solublization.
During theexperiment, it wasfound that cationic sur-
factant solutions provide higher recoveriesthan con-
ventiona nonionic surfactant solutionsbecause of the
principle of similitude between solute and solvent.
Furthermore, agueous cationic surfactant solutions
for sample preparation are safer, less expensive and
more environmental ly friendly than organic solvents.
Thus cationic surfactant solutions are sel ected for
further studies.
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Figure2: Comparison of theextraction recovery using dif-
ferent solvents. (Solid/ liquid = 1: 30; extraction time: 11 min;
pH =1adjustingHCI).

Optimization of extraction conditions

Recovery(%)

Effect of extraction timeon theextraction recovery
of alkaloids

Extraction timeisone of thekey factorsinfluenc-
ing theextraction recovery of akaloids. Theeffect of
extraction timeon efficiency was observed. Theresult
can be seen from Figure 3. The experimental results
show that the extraction recovery of alkaloidsfrom
the RC increased rapidly with an increase of extrac-
tiontimeranging from 3 minto 11 min. At sextraction
time exceeding 11 min, the extraction recoveries of
compounds decrease. These observationswere simi-
lar for seven akaloidsunder thesameconditions. This
is because the recovery of alkaloidsincreased as a
function of time. Ontheother hand, if irradiationtime
islonger than 11 min, the extraction recovery isde-
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creased because of decomposability of alkaloidsat
high temperaturefor long periods of time. So micro-
wave extraction timefor 11 minis appropriate for
higher extraction recovery.

90

—®——  Dberberasine ]
884 ..o columbamine - f‘\
——-w-—— jatrorrhizine and / )
86 epiberberine /57”77\'
——A-—--  coptisine . // T~
) -/ - g
g4 4 — —® —  palmatine o ,/ /

— —0O——  berberine
82 1

80 1

Recovery (%)

78 1
76

74 4 A

72

Extraction time(min)
Figure3: Effect of extractiontimeontheextractionrecovery
of alkaloids
Effect of solid/liquid ratios on the extraction
recovery of alkaloids

Thesolid/liquidratio (sol vent/matrix) play rolesin
the microwave-assisted micellar extraction processas
other parameters. Theeffect of solid/liquid ratio on ex-
traction efficiency wasa so investigated. It can be seen
from Figure4. The experimental resultsshow that the
solid/liquidratio of 1:30 (g/mL) issufficient for each
compound to obtain the highest recovery, Hencethe
solid/liquid ratio of 1:30 isemployedinthefollowing
experiments.
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Figure4: Effect of liquid/solid ratio on theextraction r ecov-
ery of alkaloids
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Effect of the surfactant concentration on the per-
centage extraction of alkaloids

Thepropertiesof micdlar phaseinfluencedkaoids
solubilisation. Among these, the nature of the surfactant
and itsconcentration are mgjor contributors affecting
adkdoidssolubilisation. Theeffect of thesurfactant con-
centration of CTAB on extraction wasexamined. Fig-
ure 5 showsthat the extraction recovery of alkaoids
from the Rhizoma Coptidisincreased rapidly with an
increase of surfactant concentration ranging from 0.059
/L t00.468 g/L. At surfactant concentrations exceed-
ing 0.468 g/L, the extraction recoveriesof compounds
decrease slowly. Seven alkaloids solubilisation are
favoured as CTAB concentration increased because
hydrophobic interactionwasusudly generated at higher
surfactant concentrations. However, mice lar clustering
takes place above a certain concentration, which can
reducetheinterfacia areathat isavailableto alkaoids.
Thus0.468 g/L of CTAB isselected for further studies.
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Figure5: Effect of concentration of CTAB (g/L) on theex-
traction recovery of alkaloids

PH effect on the per centage extraction of alkaloids

PH effect in the extraction efficiency of alkaloids
was studied by adjusting the pH value of themicellar
solution. Generaly, thesampleisacidified in order to
make alka oidsionization. In order to study thisinflu-
ence, we compared the results obtained using adif-
ferent pH micdlar solutionwith hydrochloricacid. The
result was seen from Figure 6. For seven akaloids,
this study indicates that the extractions were better
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under acidic conditionsthan under neutral or alkaline
conditions. Theresultsled usto the conclusion that
the extractions should be performed under acid con-
ditions to ensure the cationic form of the target
analytes. Therefore, pH =1 was chosen for higher
extraction recovery.
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Figure6: pH effect on theextraction recovery of alkaloids

In summary, the optimum conditionsinthemicro-
wave assisted extraction were: aradiationtimeof 11
min; solid/liquidratio of 1:30, 0.468 g/L of CTAB mi-
cdlar solution at pH = 1. A typica chromatogram con-
taining seven akaoidsunder optima separation condi-
tions, after microwave-assisted cationicmicellar extrac-
tionwasapplied, isshowninFigure7.
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Figure7: HPL C chromatogramsof thealkaloidsextracted
from the Rhizoma Coptidis. (a) chromatogram of water ex-
traction: Thepeak symbalsareasin Figurel; (b) chromato-
gram of 1% T X-100; (c) chromatogram of CTAB extraction.

Comparison of MAE with other extraction methods

Efficiency for extractionwas compared with shake
flask extraction method, hest reflux extraction and mi-
crowave-ass sted micellar extraction. Theresultswere
demonstrated that for only 11 minutes of microwave
irradiation for microwaveextractionin CTAB micdlar
solvent, the contents of akal oidswerehigher thanthose
of shakeflask extraction for 5 hours((at room tempera-
ture, extraction recovery of akaoids70.3%) and those
of heat reflux extraction for 1 hours (extraction recov-
ery of alkaloids 85.7%). Thisresultisnot surprising
because theinner molecular heating effect of micro-
wavefacilitated theinteraction between the surfactant
solution and theaka oidsin herba material, so MAE
can reach higher extraction efficiency in shorter extrac-
tiontime. Therefore, themicrowaveextraction of dka-
loidismoreefficient, rapid and convenient thanthere-
flux extraction and shakeflask extraction.

Analytical performancecharacteristics

The performance method was eval uated under op-
timal detection conditionsby determination of thelin-
earity, detection limitsand reproducibility. Cdibration
curveswere obtained by using different concentration
levelsranging from 2.5to0 100.0 ug/mL for berberine,
palmatine, coptisine, epiberberine/jatrorrhizine,
columbamineand berberastine. Theresultswerelisted
inTABLE 1. Curveswerelinear over these concentra-
tionranges. Inal cases, theregression coefficientswere
over 0.999.

Thelimitsof detection (LODs) of individua alka
loidswere determined by ca culating signal/noiseratio
(S/N =3)for each alkaloids (TABLE 1). Theresults
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areinlinewiththose obtained by other authors.
Thereproducibility of the method was eval uated

through analysisof six replicatesof RC sample. The

relative standard deviations (RSDs) were under 3.5%

for all thetarget compounds (TABLE 1). Therefore,

the accuracy obtained using the proposed method is

satisfactory.

TABLE 1: Analytical parameter sof the proposed method

Limitof ~Reative

Compound Calibration Regr‘egson detection S‘a’?da.f d

curves coefficients deviation

(ng/mL) (% ,n=3)
Berberastine Y =6.57+8.10X 0.9998 0.04 31
Columbamine Y =2.26+1.10X 0.9991 0.19 2.4
Epiberberine v _go5.476x 09994 0.53 27

/Jatrorrhizine

Coptisne Y =21.12+5.05X 0.9993 0.18 34
Palmatine Y =-3.54+5.05X 0.9998 0.11 2.8
Berberine Y =-5.18+28.14X 0.9997 0.06 35

Recoveries of the method proposed, were deter-
mined by processing spiked RC sampleswith 10 ug/g
of mixtureof sevendkaloidsthrough out theentire pro-
cedure. Theaverageextraction efficiency for berberine,
palmatine, coptisine, epiberberine /jatrorrhizine,
columbamine and berberastinewas 102.3%, 94.5%,
95.6%, 91.2%, 101.3%, and 94.2%, respectively.
Therefore, the recoveriesobtained using the proposed
method issatisfactory.

CONCLUSION

Microwave-assisted cationic micellar extraction
using aqueous CTAB solutionscan beapossibledter-
nativefor extraction of dkaoidsin Rhizoma Coptidis
samples, without removing surfactant inthefiltratefor
its subsequent analysisby HPLC. Theextraction re-
covery of alkaloidswasabove 91. 7%. The proposed
techniqueisagreen, smple, rapid, effectiveextraction
method for separation of alka oidsfrom the Chinese
herb. Itisthereforecong dered tha thismethod isprom-
ising and can be agood alternativeto the traditional
techniques.

—— Fyll Peper
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