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2
2.1
1200 Series ( Agilent ) o
1- 3- ( 1-Butyl3-methylimidazolium hexafluorophosphate ~ Bmim  PF
97%) 1- 3- ( 1-Hexyl-3-methylimidazolium hexafluorophosphate
Hmim PF; 97%) 1-  3- ( 1-Octyl3 — methylimidazolium hexafluorophos—
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phate;  Omim  PF, 97%) ; N (
) ( ) o
( : 110795200806 ) ( : 110757200206 ) ( : 110756-
200110) ( : 110796200716) ( : 110758200611) ( : 0829-
9702) o . . o
2.2
Eclipse XDB-C;; (150 mm x4.6 mm x5 pum Agilent ) 434 nm 37C
20 pL 0.6% H,PO,(A)-  (B) 0.45 pm o :0—6—12—13 min:
30% A(0.8 mL/min) —22% A(0.8 mL/min) —15% A( 1.0 mL/min) .
2.3
2.3.1 N N N N 5.2
3.0 6.0 7.0 5.0 4.0mg 100 mL 52 30 60
70 50 40 mg/L 4 °C o
2.3.2 12 . N
.« 4C o
2.4
5 mL 500 pL 300 mL 100 mmol /L HCI
5 mL o 70 mg Hmim PF, 300 wL
( 50 uL 200 wL ) / /
o 3500 r/min 3min o
20 pL 5 mL ( 50°C 2 min )
20 pL o
3
3.1 OSDLPME ILDLPME
OSDLPME  ILDLPME N N N
o OSDLPME  ILDLPME
OSDLPME  ILDLPME ( 1o

1 OSDLPME ILDLPME
Table 1 ~ Parameters optimization results of the organic solvent based dispersive liquid phase microextraction( OSDLPME) and
ionic liquid based dispersive liquid phase microextraction ( ILDLPME) methods for determination of free anthraquinones

/ / /

Extraction solvent/ Dipersive solvent/ Extraction ti Centrifuging rate/ C HtC,lt' [ HCl
Method Volume Volume X r?c 1.013 me time OHCE"H ra li);lL;)
(L) (pb) n ( r/min) /( min) mmo
OSDLPME Chloroform Tetrahydrofur 3 6
750 etrahydrofuran 2 3500/3
/200
- 3-
ILDLPME Hmim P, /54 Acetonitile/300 0 200073 6
Hmim PF, 1-Hexyl3-methylimidazolium hexafluorophosphate.
3.2 OSDLPME-HPLC ILDLPME-HPLC
3.2.1 6 16.66 x 1077 ~
5.20 mg/L ; 3.84 x107° ~3.0 mg/L ; 7.68 x 1077 ~6.00 mg/L ;1 8.96 x

107° ~7.00 mg/L ; 6.40 x107° ~5.00 mg/L 0 5.12%x107° ~4.00 mg/L o
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Fig.1 Effect of extraction solvent volume on enrichment factors of six analytes
a: OSDLPME; b: ILDLPME.
2 OSDLPMEHPLC ILDLPME-HPLC
Table 2 Parameters of working curve for OSDLPME method and ILDLPME method
. Regression Correlation Linear range  Detection limit Enrichment
Method Analyte equation coefficient (pg/L) (ng/L) factor
Aloe-emodin ¥y =3115.4¢ +8.543 0.9998 0.07 ~5200 30 202
Rhein v =2892.9¢ -4.8333 0.9995 0.04 ~3000 20 224
Danthron ¥ =3380. lc +6. 8484 0.9997 0.08 ~ 6000 20 230
OSDLPME
Emodin y=3166. 5¢ +4.534 0.9997 0.09 ~7000 30 218
Chrysophano y =2326.5¢ +26.035 0.9998 1.6 ~5000 200 101
Physcione  y =2904. 1¢ -7.7851 0.9993 0.05 ~2000 40 132
Aloe-emodin ¥y =2575.9¢ -21.71 0.9998 0.33 ~5200 70 115
Rhein y =2506. 2¢ - 10. 353 0.9995 0. 19 ~3000 40 117
Danthron ¥y =3678. 3¢ —46. 141 0.9991 0.38 ~6000 80 181
ILDLPME
Emodin y =3301. 5¢ - 0. 6986 0.9992 0.45 ~7000 90 158
Chrysophano y =2645.6¢ +43. 872 0. 9989 1.6 ~5000 400 76
Physcione  y=1851.8c +12.12 0. 9955 0.26 ~4000 100 103
3.2.2 3 6 2.4
HPLC OSDLPME ILDLPME 11. 3% . OSDLPME-
HPLC N N 81.7% ~110.7% ; ILDLPME-HPLC
81.9% ~110.8% o
3.2.3 6 3.2.2 2.4 N
N 3 2,
3.3 ILDLPME
ILDLPME Hmim PF IL Hmim PF;
IL
( 3). .
o Hmim PF,
Bmim PF; Hmim PF; 6

IL
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IL
ILDLPME ( 2 .
IL IL
IL 13 .

3 OSDLPME ILDLPME
Table 3 Determination and comparison of free anthraquinones in traditional Chinese medicines by OSDLPME method and ILD-
LPME method

OSDLPME ILDLPMEF
F t
Traditional ) Average RSD Average RSD F test t test
Chinese medicine Analyte content (%) contont (%)  Foos22=19.00  1945,=2.776
(pgle) (ng/e)
Rhein 16.2 8.6 14.1 8.2 1.48 2.01
Radix Emodin 563 4.5 557.0 1.4 10.2 0.375
polygoni Chrysophano 2.84 6.3 3.8 7.9 2.77 4.75
multiflori .
Physcione 85.6 2.5 86.7 5.5 4.8 0.365
. 26.6 3.2 25.3 7.7 5.12 1.06
Aloe-emodin
Rhein 32.3 9.1 36.4 5.5 2.21 2.00
Semen Emodin 30.5 6.9 25.4 .3 3.66 3.72
cassiae Chrysophano 953 2.9 961.5 .6 1.49 0.325
. 80.1 4.3 79.6 8.9 4.32 0.110
Physcione
|
Aloe—emodin 20.7 8.2 21.2 6.6 1.54 0.398
Rhein 8.01 7.4 7.9 6.2 1.49 0.249
Rhizoma Danthron 3.85 6.4 4.04 7.4 1.44 0. 854
polygoni Emodin 6263 4.2 6122 1.4 10.16 0.874
cuspidati
Chrysophano 8.7 4.8 7.8 4.6 1.33 2.81
. 606 3.7 617.0 4.1 1.26 0.583
Physcione
Emodin 3.43 8.4 3.02 4.8 4.92 2.25
Haichow
elsholtzia herb Physcione 2.82 4.6 2.69 2.2 4.56 1.56
400 120 600
= = 100 = 500
= 300 2 b
< - < <
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g 200 g 60 § 300
< s 40 = 200
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e & £
0 0 0
4
30] D l‘
5 =)
< 20 U <
= e s s £
o «
'OJ n
s )
[}
& of J LN-L_J L«_b E
5 10 E 20
t#min
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Fig.2 Chromatograms of stander analytes ( A) and analytes in Radix Polygoni Multiflori ( B) ; Semen Cassiae
( C); Rhizoma Polygoni Cuspidati ( D) and Haichow Elsholtzia Herb ( E)

1. ( Aloe-emodin) ; 2. ( Rhein) ; 3. ( Danthron) ; 4. ( Emodin) ; 5. ( Crysopha—
nol) ; 6. ( Physcione) . a. OSDLPME b. ILDLPME.
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3.4 o H,O HO
1A OSDLPME 2
R _ 100 X Noeq _ 100 X Vsed Csed _ 100 X Vse(l Csed ( 1)
- Un - Vi CO - Vs Cs + Vse(lcsed
(EF):
EF = C_,/C, (2)
Ksed/s = Csed/cs (3) 3 ILDLPME
Fig. 3 Extraction mechanism of analytes by
v KV 4 ILDLPME method
sed 0o ( ) - ( Anthraquinones) ;
n, G, wnr O PF; Hmim  PF, .
Ngeq Csed Cs
N VU Vse«l Va > °
(2) ((3) (4) (1)
K.,./V
EF — sed/s Bl 5
Ksed/sl/sed + Vs ( )
(5)
1 K,V
ﬁ = ;)/ : + Ksed/s (6)
V,
( 6) KO Ksed/s B = 70 EF °©
Vv
1A o OSDLPME — o
Vo
ILDLPME ( 1B) Hmim PF, o
Hmim PF 70 mg( 54 pL 1L )
IL OSDLPME CHCI, ILDLPME OSDLPME 5 mL
B °
3.5 OSDLPME ILDLPME
1 ILDLPME 6
OSDLPME - ILDLPME OSDLPME
ILDLPME HPLC ; OSDLPME
CHCI, HPLC . OSDLPME 6
ILDLPME ILDLPME o 3 95%
ILDLPME-HPLC  OSDLPME-HPLC (82%)
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Mechanism and Comparison of Dispersive Liquid Phase Microextraction
Based on Organic Solvent and Ionic Liquid for Determination of
Compounds in Traditional Chinese Medicine

TIAN Jie CHEN Xuan BAI Xiao-Hong"
( College of Pharm.  Shanxi Medical University Taiyuan 030001)

Abstract Mechanism of ionic liquid based dispersive liquid phase microextraction ( ILDLPME) has been
investigated. The ILDLPME and organic solvent based dispersive liquid phase microextraction ( OSDLPME)
have been critically compared for the determination of free anthraquinones in traditional Chinese medicines.
Dispersive liquid phase microextraction ( DLPME) combined with HPLC has been developed for the determi—
nation of six free anthraquinones ( aloe-emodin rhein danthron emodin chrysophanol and physcione) .
Under the optimal conditions the enrichment factors ( EFs) were in the range of 101 —230 and 76 — 181 for
OSDLPME and ILDLPME respectively. The limits of detection were 20 —200 ng/L and 40 — 400 ng/L; the
relative standard deviations ( RSDs n =3) were 3.1% —10.0% and 1.3% —-7.0%  the recoveries of the
analytes in four kinds of traditional Chinese medicines were 81.7% —110.7% and 81.9% - 110.8% for
OSDLPME and ILDLPME combined with HPLC respectively. lonic liquid was orderly arranged and molecu—
lar-ordered organized assembly formed when ionic liquid dispersed in sample solution then the analytes were
extracted. Compared with OSDLPME the ILDLPME was more effective and more convenient the repeatabili—
ty of ILDLPME was better than that of OSDLPME. However higher enrichment factors and lower limits of
detection could be obtained by OSDLPME. There were no significant deviations between two methods for the
determination of free anthraquinones.
Keywords Dispersive liquid phase microextraction; lonic liquid; Free anthrapuinones; Molecular-ordered
organized assembly
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