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ABSTRACT

lonic liquids (1L s) solutions as green solvents were successfully applied in
the ultrasonic-assisted extraction (UAE) of Berberinefrom Coptischinensis.
A seriesof 1-alkyl-3-methylimidazoliumionic liquidswith different cations
and anions were evaluated and compared for their extraction efficiency;
the results indicated that the structure of ILs has significant influence on
the extraction efficiency for target analytes. [PSMIM][H,PO,] wasfinaly
selected as the optimal IL. In addition, the concentration of the
[PSMIM][H,PO,]-water sol ution was optimized. And theextraction param-
etersincluding ultrasonic power, extraction timeand solid-liquid ratio were
all optimized by response surface method also. Moreover, the extraction
mechanism was discussed. Compared with the lixiviating method with di-
lute H,SO, and regular UAE with MeOH, the approach gained higher ex-
traction efficiency, reduced the extraction time and pollution.
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INTRODUCTION

Rhizome of Coptischinensisisatraditional Chi-
nese medicinefor clearing heat and depriving damp-
nessfor trestment of diarrhea, dysentery and jaundice,
and purging the sthenic fire and clearing away toxic
materia for the cases of seasonal febrile diseases, car-
buncle, and sorethroat. The herba medicinehasbroad-
spectrum antibacterial and antiprotozoal effects”. Ber-
berine, anisoquinolinederivativealkaloid (Figure 1),
isthemagjor activeingredient of the herb. Theinhibi-
tion effects of Berberine on cancer and diabetes has
also been reported inthe past few years?®l. Thereare
someextraction methodsfor extracting berberinewith
conventiona organic solvent and diluteH,SO, solution
extraction, but they have some drawbacksincluding

time-consuming, low efficiency, and using of alarge
amount of toxic and hazardous organic solvents. There-
fore, itishighly desirableto devel op an dternative ex-
traction techniquewith higher selectivity, efficiency and
environment friendliness.
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Figurel: Thechemical structureof berberine

lonicliquids(ILs), also known asmolten sdts, are

composed of organic cationsand inorganic or organic
anionsin liquid status near room temperature. With
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unique advantages of negligiblevapor pressure, good
thermal stability, good dissolving and extracting ability,
ILsareregarded asan attractiveadternative or replace-
ment of conventional volatileorganic solvents®. Inre-
cent years, ILs have attracted extensive attention in
modern chemistry and have been successfully applied
inliquid-liquid partition, liquid-phase and solid-phase
microextraction, or aqueoustwo phase systemsextrac-
tion'®®, Recently, ILshave been successfully usedin
theextraction of some active substancesfrommedicine
plantg®*3. Compared with organic solvents, ILscould
reduce the environmental pollutionin the process of
Separation asgreen solvents. But at room temperature
ILsare difficult to be used to directly extract active
ingredientsfrom solid matrixesfor thehigh viscosty and
poor diffusivity. Inthiscase, adding co-solvent and in-
creasing temperature can reducethe viscosity of ILs
and improvethediffusion of solvents, whilelLsstill
mai ntain good dissolving capacity.

Moreover, UAE isamorerapid and effective ex-
traction techniquethan conventiona waysand thisben-
efit has already been demonstrated in recent years#
11, Under the circumstances, this paper isready to
introduce the devel opment of arapid and effective
IL-based ultrasonic-assisted extraction approach for
the extraction of berberine from rhizome of Coptis
chinensis, which to our knowledge has not been re-
ported by now. Besides although application of ILsas
solvent in UAE of bioactive componentsfrom natural
products has been reported by some research groups,
they mainly focuson extraction of natura components
which aredifficultly to dissolveinwater. Therefore, it
isinteresting to investigatethe effectsof ionicliquids
on the extraction of berberine. Inthis paper, ILUAE
mechanism was al so discussed.

EXPERIMENTAL

Chemicals

All chemicdsinvolvedinthisstudy wereat least of
andytica reagent grade. A cetonitrileand methanol used
for HPLC were of chromatographlic grade and pur-
chased from Kel.ong, Chengdu, China. Water isredis-
tilled. Standard berberine was used for HPLC was
purchased from RuiQi Biologica Technology Company
(Shanghai, China). Rhizome of Coptischinensiswas
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purchased fromloca drug-store. And al sampleswere
milled and dried. And the sampl e practices zewas con-
trolled in 0.45~0.90 mm by passed through astainless
steel seve. All sampleswerestoredin closed desicca
tors until use. The same batch of sample was used
through thisstudy to be representativeof variablehard-
nessand density.

Apparatus

KQ-2200DA ultrasonic water bath (Kunshan,
Jiangsu, China) wasused intheextraction step. HPLC
analysiswas performed with an LC-20AT pump, an
SPD-M20A PDA detector (Shimadzu, Kyoto, Japan),
aWaterssymmetry C18 column, 5 um, 3.9x150 mm
I.d. (Waters, Massachusetts, USA), and an HCT-360
L. C column cooler/hester (Hengao Tech & Dev, Tianjin,
China). A Class-VPworkstation (Shimadzu, Kyoto,
Japan) was used for data acquisition. The pH meter
was purchased from Shanghai ShiNuo physica optical
ingruments (Shanghal, China).

Synthesisof ILs

Eight kindsof 1-akyl-3-methylimidazoliumILs(as
shownin TABLE 1) weresynthes zed accordingto the
literature procedures®?2_ All ILsweredried for 4 h
under vacuum at 90 j & and stored in closed desicca-
torsbeforeuse. Thepurity of ILswaschecked by HPLC
andtheir puritieswere greater than 95% (w/w).

I L-based ultr asonic-assisted extr action

IL-based ultrasonic-assisted extraction was per-
formedinultrasonic bathsat roomtemperature. 1.0g
of dried samplewasmixed with 10mL of differentILs
aqueous solutions and then the suspension was ex-
tracted using ultrasound. IL solutions were prepared by
dissolving corresponding IL inredistilled water. Theop-
timal anion, cation, concentration of selected IL, ultra-
sonic power, extraction time, and solid-liquidratio (¢f
mL) weresystematically studied inthiswork. After ul-
trasonic extraction, the extracts obtai ned were cooled
downtoroom temperatureand filtrated through aBusher
funnel, diluted to 50 mL with reditilled water, and fil -
trated through a0.45 pm filter prior to HPLC analysis.

Optimization by response surface method

In order to optimizethe operation factorsand fur-
ther study their interactions, acentral composite de-
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sign was used to investigate the effects of threeinde-
pendent variables, theultrasonic power, extractiontime
and soild-liquid ratio on extraction efficiency of ber-
berine. The compl ete design was consisted of 20 ex-
perimenta pointsincluding six replications of the cen-
ter points (see TABLE 2).

Compar ed with conventional refer enceextraction
method

Thelixiviating method with dilute H,SO, was se-
TABLE 1: Thestructureof studied ionicliquids

No. IL cation anion pH
N\
N

A [BMIM][PF [\> PFs  Neutral
N
\
N\
N

B [BMIM][BF] [\> BF,  Neutra
N
\
/T N\

C [BMIM][Br] Br Neutra

. —\
z_ .z
9/ >

bz

D [BMIM][CH3SO3] [ CH,SO5 Neutral

/2\7

e
N .
E [BMIM][HSO,] [\> HSO, ?%'f'
N
\
N
N .
F [BMIM][H,PO,] [\> H,PO, Az‘f'zd
N
\
+N/_——\’803H _
G [PSMIM][HSO,] [\> Hso; A%
N
\
+Nm/sogH _
H [PSMIM][H,PO,] [\> H,PO; Al(_"sd
N
\

*The pH values of the acidic ionic liquids were measured in the
20 mmol/100ml aqueous solution at 30°C by pH meter.
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TABLE 2: RSM experimental design?

A: B: C: Respor!se
Run ultracsonic extraction  solid-liquid IZ)f(ftirc?gtnlon
power (W) time(min) ratio (g/mL) (%) cy
1 80 30 1:30 95.73783
2 80 30 1:30 98.20737
3 100 20 1:20 94.58196
4 60 20 1:20 86.7582
5 100 20 1:40 99.54314
6 80 30 1:30 96.64766
7 80 30 1:30 96.51769
8 100 40 1:20 94.62381
9 60 40 1:20 91.85364
10 80 30 1:46 97.56425
11 60 40 1:40 96.0191
12 100 40 1:40 100°
13 80 30 1:13 88.96051
14 45 30 1:30 85.26685
15 80 46 1:30 99.01413
16 80 30 1:30 97.29754
17 80 13 1:30 94.23505
18 80 30 1:30 97.42752
19 110 30 1:30 95.68896
20 60 20 1:40 91.25718

aThese experiments were designed by the Design Expert 7.0
software.

bThe extraction efficiency is expressed as the observed values of
berberine and the maximum amount in curve was taken to be
100%.

lected as the reference method for extraction of the
berberineinrhizomeof Coptischinensis. 0.4%H,SO,
solution was selected as solvent. 1.0 g dried sample
with 10 mL of 0.4% H,SO, solutionina50 mL flask,
mixed round 24 hours. The suspensionsobtai ned after
extraction werefiltered through aBusher funnel, then
thefiltratewasdiluted to 50 mL with redistilled water
and filtered through the 0.45 um filter for the subse-
quent HPLC andysis.

HPL C analysis

Thefiltrated and diluted extractsweredirectly in-
jected into theliquid chromatography. And each in-
jectionvolumewas5 pL. The mobile phase was com-
posed of 30% of acetonitrile and 70% of NaH,PO,
solutionwith 0.8mL/minof theflow rate. The column
temperature waskept at 25°C and the UV detection
wave ength was 345 nm. Under these conditions, ber-
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berine obtained baseline separation and was identi-
fied by standard berberine solution. A comparison of
the chromatograms of the berberine obtained from
standard sol utionswith those contained in ILs extract
isshowninFigure 2. Peak areawas used for quanti-
fication, the berberine standard curve was madefor
the determination of extracts:

y =4.01 x 106x + 238288, R?= 0.9992
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Figure 2 : HPLC chromatogram of berberine in the
[BMIM][CH_SO,] extract. Insert: HPL C chromatogram of
standar d ber berinesolution.

RESULTSAND DISSCUSSION

Screening of thel L -based extraction phase

Thegructureof ILshassgnificant influenceonther
physicochemical propertiesand their distinct multiple
interactionswith target anaytes, which might greatly
affect the extraction efficiency of active substances®!.
Thereforethe effectsof theanionand canionof ILs(in
TABLE 1) on the extraction efficiency were studied.
The extraction efficiency of 8 kinds of purelLsand
their agueous sol ution were al so compared with each
other inthiswork (asshown Figure3 and Figure4).

Figure 3showsthepure[BMIM][CH_SO,] ismore
efficient than other purelLs, but among their agueous
solutions, the most efficient solution is
[PSMIM][H,PO,] solution. By comparing Figure3and
Figure4, it could befound that purelLsarelesseffi-
cient thanthe corresponding IL solutionsduetotheir
highviscosity and poor diffusivity at room temperature.

From Figure4, acidic IL solutionsare more effi-
cient than neutral IL solutions on account of the ber-
berineisawater-solublealkaloid; butin Figure 3, the
advantage of extraction has not been shown, it may be
becausethat pureacidic IL hashigher viscosity than
neutral IL. Besides, theneutral IL solution extraction
efficiency was decreased as [BMIM][CH_SO,] >
[BMIM][Br] >[BMIM][BF,] >[BMIM][PF,] dueto
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decreasing hydrophilicity of thesefour anions, whichis
thesameaspurelL. Thisresult could be explaned by
thefact that thewater miscibility of four neutral IL de-
creases as CH_SO, > Br > BF, > PF,. In addition,
[BMIM][PF] isrelatively hydrophobicandisonly spar-
ingly water soluble, so sequentially itsextraction effi-

ciency isworst.

A[BMIM][PF ]
100
B:[BMIM][BF ] /
C:[BMIM][B] i/,
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Figure 3: Effect of pureILsdlrect on the extraction effi-
ciency of berberinefrom rhizome of Coptischinensis, pure
water asablank experiment. Sample: 1.0 g, extractant vol-
ume: 10 mL, ultrasonic power: 100W, extraction time: 30
min. Theextraction efficiency isexpressed asthe obser ved
valuesof berberineand themaximum amount in curvewas
taken to be 100%.
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Figure4: Effect of | Lssolution on theextraction efficiency of
ber berinefrom rhizome of Coptischinensis, purewater asa
blank experiment. Theconcentration of IL: 0.5M, sample: 1.0
g, extractant volume: 10 mL, ultrasonic power: 100W, ex-
traction time: 30 min. Theextraction efficiency isexpr essed
asthe obser ved valuesof ber berineand the maximum amount
in curvewastaken tobe 100%.
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AsshowninFigure4, acidicIL [PSMIM][H,PO,]
solution isthemost efficient solution, and thesecond is
[PSMIM][HSO,]. TABLE 1 shows acidiity about these
four acidicionicliquid sol utionswhich weremeasured
inthiswork. Fromthistable, it canbe seenthat HSO,
ionic liquid solutionismore acidity than H, PO, with
thesamecation, but under thesame conditionsH,PO,
ionic liquid solution could extract moretarget analytes
(Figure4). Thisresult could beinterpreted by the fact
that H,PO, anion could afford more protons a thesame
IL concentrationleved, which might facilitatetheextrac-
tion of target alkal oids. Considering theaboveresults,
[PSMIM][H,PO,] was selected for the subsequent
evaduationinthiswork.

Theeffect of theconcentration of ILs

It hasbeen proved that IL concentration had sig-
nificant influence on the extraction of target ana ytes.
Therefore, the concentration of IL on extraction ef-
fect was studied and the result was shown in Figure
5. Moreover, the above result had proved that the
extraction mechanism of the neutral ionicliquid and
acidicionicliquid weredifferent, so aneutral ionic
liquid, [BMIM][Br] was selected asacontrol group
(Figureb).

—=— [PSMIM][H,PO,]

100+ o - [BMIM][Br]

80 e,

Extration efficfiency (%)

40 -] %

1 T T
oM 0.1M

D.5|M 1.(I}M 1.5M

Concentration of ionic liquid
Figure5: Effect of the concentration of ionicliquid on the
extraction efficiency of berberine. Sample: 1.0 g, extractant
volume: 10 mL, ultrasonic power: 100W, extraction time3:
30 min. Theextraction efficiency isexpressed astheobserved
valuesof ber berineand themaximum amount in curvewas

taken tobe 100%.

From Figure5, it can been seen that the extraction
efficiency gradually reduced with the increase of
[BMIM][Br] concentration, and at the end the curve

—=> [y|| Paper

tendsto beflat. Thisisbecausethat berberineisakind
of water-solubleakaloid and haslarge polarity; and
the polarity of theneutra IL isless, so the polarity of
the L solution decreased asthe L concentrationin-
creased. According to the theory of “similarity and
intermiscibility”, the extraction efficiency of berberine
would bereduced. But theacidicIL [PSMIM][H,PO,]
does not show such atrend; the extraction efficiency
increased when the IL concentration increased from
0.1M to 0.5M. However, when it further increased,
theextraction efficiency decreased. It might be because
acidicIL could provideproton whichincreasethe ex-
traction efficiency of target dkaoid, andincreasngthe
IL concentration decreased the polarity of IL solution
which decreased the extraction efficiency. Consider-
ation of theaboveresults, 0.5M of [PSMIM][H,PO|
was sdlected inthefollowing experiments.

Optimization of UAE conditions

Theunivariatemethod wasused in all instancesto
optimizethefollowing three parameters: solid-liquid
ratio, ultrasonic power and extractiontime.

The solid-liquidratio isanimportant factor which
should bestudied to increasethe extraction efficiency
of berberine. Superfluous solvent volume could make
unnecessary waste and the burden of solvent recovery
increase, and smaller volumewould makethetargets
extractionincomplete. To examinetheeffect of thesolid-
liquid ratio on the extraction efficiency, extraction was
carried out with different solid-liquid ratios(1:10, 1: 20,
1:30, and 1:40 g/mL ). The extraction efficiency in-
creased when solid-liquid ratio waschanged from 1:10
to 1:40 asshown in Figure 6a, and no significant in-
creasewasfound whenit wasincreased to 1:40. Thus,
asolid-liquidratio of 1:30wassdected in present study.

To examinethe effect of the ultrasonic power on
the extraction efficiency, extraction wascarried out at
40, 60, 80, 100 and 120 W, respectively. Asshownin
Figure6b, it can be seen that ultrasonic power did not
sgnificantly influencetheextraction efficiency, and the
extraction efficiency increased with the enhancement of
ultrasonic power beforethe power reached 100w, and
then the efficiency was not improved with the further
increase of the power. Finaly, the ultrasonic power of
100 w was sel ected.

To optimize theextraction time, extractionswere

———————, Natural Products
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carried out at 100 W when extractiontimewas changed.
Asshown in Figure 6¢, when the extraction timein-
creased from 10 to 30 min, the extraction efficiency
increased. Whenthevariablewasincreased from 30to
40 min, dight improvement was obtained. Therefore,
30 minwasselected for further experiments.

Based ontheabove experiments, theoptimum UAE
conditions were established as follows: 0.5M
[PSMIM][H,PO,] as extraction solvent, ultrasonic
power of 100W, extractiontimeof 30 min, solid-liquid
ratio of 1:30 (gmL ). Theextraction efficiency of ber-
berineincreased 22.08% by using the proposed UAE
approach under optimal conditions.

Optimization parameters by response surface
method (RSM)

Inorder to further research theinteractionsbetween
the operation parameters, the solid-liquid ratio, ultra-
sonic power and extraction time were optimized by
RSM. Asshownin TABLE 3, the model F-vaule of
44.14 indicated that themodlewass gnificant, and there
wasonly 0.01% chancethat a“model F-Value” this
large could occur dueto noise. Valuesof “Probability >
F’ less than 0.0500 indicated model terms were signifi-
cant. Inthiscase, A, B, C,AB, A%and C>weresignifi-
cant modd terms. The“Lack of Fit F-value” of 1.14
indicated thelack of fit wasnot significant relativeto
thepureerror. Therewasa44.37% chancethat a“Lack
of Fit F-value” could occur due to noise. Insignificant
lack of fit was good. M oreover, the effect of solid-lig-
uid ratio and ultrasonic power was the greatest (P <
0.0001) and that of extraction timewasthe smallest
(P=0.0002) asshownin TABLE 3.

INnTABLE 4, the“Predicted R-Squared” of 0.8843
was in reasonable agreement with the “Adjust R-
Squared” 0f0.9533. “Ade-quacy Precision”measured
thesignal to noiseratio. A ratio greater than 4 wasde-
sirable. The present ratio of 21.658 indicated an ad-
equatesigna. Thismodel can be used to navigatethe
design space.

Theresponse surfacesfor the effect of indepen-
dent varigbleson extraction efficiency of berberinewere
showninFigure7. Figure 7arepresented the 3D-plot
about theeffect of ultrasonic power and extractiontime
on the reaction. Figure 7b depicted ultrasonic power
and solid-liquidratio effect on theresponse. Themutud
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Figure6: Effect of ultrasonic power (a), extraction time (b)
and solid-liquid ratio (c) on the extraction efficiency of ber-
berine with 0.5M [PSMIM][H,PO,] as extracting phase.
Sample: 1.0g. Theextraction efficiency isexpressed asthe
observed valuesof berberineand the maximum amount in
curvewastaken tobe 100%.
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TABLE 3: Analysisof variance (ANOVA) for thequadratic
model for theberberineyield

Sourse Ssqul:narc:afs df S'\QSZPG F-Vaule Pl;yoiullze
modle 1.85 9 0.21 44,14 <0.0001
Sc;degrrasonlc 071 1 071 15187 <0.0001
B-Time 015 1 015 3153  0.0002
rca;t?g”d'”q“id 049 1 049 104.14 <0.0001
AB 0065 1 0065 1395 0.0039
AC 000211 1 000211 045 05163
BC 0.000006989 1 0.000006989 0.0015 0.9699
A2 036 1 036 7824 <0.0001
B2 00009565 1 00009565 021  0.6602
c2 0100 1 0100 2145 0.0009
Residual 0047 10  0.0046 - -
Lack of Fit 0025 5 0004969 114 0.4437
Pure Error 0.022 5 0.004350 - -
Cor total 1.90 19 - - -

TABLE 4: Thecredibility analysisof theregression equa-
tions.

Std.Dev 0.068 R-Sguared 0.975
Mean 7.30 Adj R-Squared 0.9533
CV.% 094  Pred R-Squared 0.8843
PRESS 0.22  Adeq Precision 21.658

effect of solid-liquid ratio and extractiontime onthe
reactionwasshownin Figure 7c. Thefinal extraction
efficiency (Z2) wasgivenby:

Z =7.46 + 0.23A + 0.10B + 0.19C - 0.090AB + 0.016AC +
0.000935BC - 0.16A2+ 0.00814B2- 0.083C?

From thisequation, according to thelinear coeffi-
cient and Figure 7, the response surface experiment
indi cated that the descending order of influencing fac-
torsfor the extraction efficiency wasasfollows: ultra-
sonic powe, solid-liquid ratio and extractiontime. And
the predict consequencewas. 88.03w and 39.81min
ultrasonic extraction, 1:37.05 solid-liquid ratio. Under
thisoptimized conditions, the extraction efficiency of
berberine could reach to 101.6%.

Comparison of theproposed I L - based ultrasonic-
assisted extraction approach with theconventional
methods

For the comparison of the extraction efficiency of
| L-based ultrasoni c-assisted extraction with other con-
ventiona extraction techniques, such asthelixiviating
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method with 0.4% H_SO, and regular UAE extraction
which arecarried out to extract berberinefrom rhizome
of Coptischinensis.

In order to further demonstrate the use of ILs,
theregular UAE processwas compared with the pro-
posed UAE approach withionicliquid. Inthiswork,
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MeOH was used as solvent inregular UAE, and this
experiment was carried out under the same UAE
conditions.

Theresult wasshownin TABLE 5, theL-based
ultrasoni c-ass sted extraction method not only increased
theextraction efficiency, but aso dramaticaly reduced
thetotal extraction time (from 24 h to 30min). This

meansthat the proposed | L-based UAE procedure has
great potential to bearapid and effective method for
extraction of berberine from rhizome of Coptis
chinensis. Theextractswere spiked with known quan-
tities of standards. The recoveries of the 3 methods
wereintherangeof 94.75 % and 103.71 % with RSD
lower than 2.28 % which wereshownin TABLE 2.

TABLE 5: Compar ativestudy of extr action efficiency using different extraction methods.

IL- based Thelixiviating UAE extraction
Extraction method ultrasonic-assisted  method with 0.4%  with regular organic
extraction H,SO, solvent MEOH
Relative extraction efficiency® (mean+ SD, %) 100.00+ 1.00 68.37 + 1.84 71.22+1.50
Recovery yields (meant SD, %) 98.53+1.76 103.71£1.59 97.45+2.28
Extraction time 30 min 1440min 30 min

aTheextraction efficiency isexpressed asthe obser ved valuesof ber berineand the maximum amount in curvewastaken

to be 100%.

ILs present are more expensive than organic sol-
ventand H,SO,, the ILUAE method is still economi-
cal considered the saved time and potential recycle
of ILs. And comparewith dilute H,SO, and Regular
UAE with methanol methods, no organic solvent have
been dischargedinto theair during the extraction and
ILs could not cause the corrosion of equipment as
H,SO,. BesidesILscan berecycled which decrease
the waste water further. Overall the IL-based ultra-
sonic-assi sted extraction method isamuch safer and
greener process.

CONCLUSION

An efficient UAE method has been devel oped
for extraction of berberine from rhizome of Coptis
chinensiswithionicliquid. Thestructureof ILs has
significant influence on the extraction efficiency of
berberine. And theresultsindicatethat if IL ismore
hydrophilicity and could afford more protons, the ex-
traction efficiency of berberine would be better. In
thiswork, the optimum UAE conditionswere opti-
mized by RSM. Compared with thelixiviating method
with diluteH,SO, and regular UAE withMeOH, the
approach gained higher extraction efficiency and
saved more time. Moreover, based on the advan-
tagesof ionicliquids, the UAE method will havegresat
potential and broad spacewhenitisappliedinthe
food and pharmaceutical industry asan environmen-
tal friendly approach.
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