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Abstract . Two-dimensional liquid chromatography (2D-LC) has gained increased attention be-

cause of its high peak capacity for separating complex samples. However, preparative 2D-LC
aimed at isolating compounds is significantly different compared with one-dimensional liquid
chromatography (1D-LC) in terms of method development and system configuration; thus, it is
less developed than its analytical counterpart. The use of 2D-LC in large-scale product prepara-
tion has rarely been reported. Hence, a preparative 2D-LC system was developed in this study.
The system was composed of one set of preparative LC modules as a separation system, with a
dilution pump, switch valves, and trap column array as the interface, to enable the simultane-
ous isolation of several compounds. Tobacco was used as a sample, and the developed system
was applied to isolate nicotine, chlorogenic acid, rutin, and solanesol. The chromatographic
conditions were developed by investigating the trapping efficiency of different types of trap col-
umn packings, and chromatographic behaviors under different overload conditions. The four
compounds were isolated in one 2D-LC run with high purity. The developed system features low
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cost because it employs medium-pressure isolation, excellent automation owing to its use of an

online column switch, high stability, and capability for large-scale production. The isolation of

chemicals from tobacco leaves as pharmaceutical raw materials could aid in the development of

the tobacco industry and promote the local agricultural economy.

Key words: preparative two-dimensional liquid chromatography; high-purity compounds;

tobacco; trapping column array; medium-pressure chromatography
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Fig. 1 Schematic of the two-dimensional liquid
chromatography system
a. first-dimensional liquid chromatography ('D-LC) opera-
tion setup; b. second-dimensional liquid chromatography (2D-
LC) operation setup; c. photograph of the system.
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Fig. 2 Chromatograms of !D-LC separation of tobacco
extracts obtained under different sample loads
and gradient elution programs

Chromatographic conditions: C,g3 column (460 mmX 15 mm

i.d., 50 pm) ; mobile phase A: 50 mmol/L ammonium phos-
phate (pH 6.5); mobile phase B: ethanol; detection wave-
length: 210 nm; gradient elution programs: 0-5 min, 5% B; 5-
25 min, 5% B-50% B; 25-35 min, 50% B-100% ; 35-50 min,
100%B; ¢, d. 0-40 min, 5% B-60% B; 40-50 min, 60% B-
100% B.
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Table 1 Trapping efficiency of different trap columns in the 2D-LC interface %
Compound - - - Cis - - WAX (undiluted) LH-20 (undiluted)
Undiluted Diluted with water Diluted with 0.1% TFA
Nicotine 65.41 54.02 47.03 10.68 43.97
Chlorogenic acid 32.70 56.37 36.14 100 76.10
Rutin 38.30 88.30 95.67 - -
Solanesol 61.77 96.13 94.30 - -

- not investigated.



553 3 VAR, 5 I TR AERES 14 4 B 4O (b Al A w b Y 4 Sy =285 -

251 : S : :
20 TN
15 ; b : 3 3
2 ] : P ' 3 3
< 104 : P : ! !
7% I I N O B N
0 A B TR | S
e
0 10 20 30 40 50 60 70
¢t/ min
DLC Purity analysis
Fraction analysis 400 4 2 1000 4
150 500 11 2.1 1
] ] ] 7 £ 500
1 Fl 4003 Fs 5:’ 1 ]
-, 100 - 300 4 £ 200 0]
ER E 2004 ] : ]
E 504 = ] Z 500 :
] 100 3 1 = 1
1 | 1 0: L B s B ]
O H o o e T 0 e E 1 01— — — .
; ] 20009 I 1
150 4 2 303 Te 1 5 400 ]
=) ] 5 203 o 15004 =z ] 3
< 100 3 E ] £ 200 3
E 7 < 10 1000 4 5 ]
50 4 E ] 0
o 04 500 3 3
E M T S—— : 0] 2 10005 4
] ] e ARSI 00
] F3 4005 7 4004 1o 3 E
100 E ] e
= ] > 3004 ] + Sl — ,
< 1 < E = 3004 100
E 502 £ 2004 < i 2 i 3
0 e A e 0 T e 100—; SR SN——
o] Fa 0 1020 30 40 0 frmrtr SN ] 40 )
2 ] ¢t/ min 2000] IV 4 é 20
2 100 ] %1500{ 13 A N—
] 1000 _ ;
0 'J‘“\""\“‘*l"“\" ] é 50
0 10 20 30 40 500 4 1
¢/ min 0 M 0 Tt
. . 0 10 20 30 0 10 20 30
B3 —4iiE el AR R85 4 B E i /i

Fig. 3 Chromatograms of the 'D-LC separation of ) ) . .
tobacco extract and its fraction analysis B4 FELHE 2D-LC REALEM REEER S
Fig. 4 Online preparative 2D-LC isolation of bioactive

'D-LC conditions: C,4(460 mmx15 mm i.d., 50 pm) ; mo-
compounds in tobacco extract

bile phase A: 50 mmol/L ammonium phosphate (pH 6.5) ; mo-

1 . . .
bile phase B: ethanol; gradient elution program: 0-5 min, 5% D conditions: Cs column (460 mmx15 mm i.d., 50 pm);

B; 5-40 min, 5% B-55% B; 40—41 min, 55% B; 41-50 min, mobile phase A; 50 mmol/L ammonium phosphate (pH 6.5) ;
55% B-100% B; 50—70 min, 100% ; detection wavelength: 210 mobile phase B. ethanol; gradient elution program: 0—5 min,
nm; sample load: 10 g. 5%B; 5-40 min, 5% B-55% B; 40-41 min, 55% B; 41-50 min,

Fraction analysis conditions: C,; column (250 mmx4. 6 mm 55% B-100% B; 50-70 min, 100% B; detection wavelength: 210

i.d., 5 pm); mobile phase A: 50 mmol/L ammonium phos- nm; sample load: 10 g.

phate (pH 6.5); mobile phase B: ethanol; gradient elution “D conditions: Cyg column (460 mmx15 mm i.d. , 50 pm);

program: 0-5 min,5% B; 5-25 min, 5% B-50% B;25-35 min, mobile phase A: 0.1% formic acid aqueous solution; mobile

50% B~ 100% ; 35-45 min, 100% B; detection wavelength: 210 phase B: ethanol; gradient elution program: 0~5 min, 5%B; 5

nm. ~25min, 5% B~50% B; 25~35 min, 50% B~100% ; 35~45 min,
100% B; detection wavelength; 210 nm.

2.3 «T’j‘:éﬂi%ﬂ% 2D-LC ifﬁ%@u'l'ﬁkﬁ Purity analysis: C,3 column (250 mmx4.6 mm, i.d., 5

pm) ; mobile phase A. 0.1% TFA aqueous solution; mobile

ﬁ%ﬂ%’ 2D-LC /%gfh qjﬁa% T 4 ijﬁ%ﬁf ’ T’féﬁ@ phase B: ethanol; gradient elution program for compound 4: 0
ﬁ—ggﬁ{@‘dﬂéﬁaﬁﬁj‘ E’cﬁﬁ H @%gﬂé}ﬁ ﬂl% Hd‘ IETJ X I‘E—LHJ] -5 min, 90% B-100% B; 5-15 min, 100% B; gradient program
for other compounds: 0-5 min, 5% B; 5-25 min, 5% B-55% B;

el 1 4 ARFHAAL IR F AT 4 A BAR4Lr () 25-35 min, 55%B-100% ; 35-45 min, 100% B.
W4y (JLIEI4 D-LC) | A7 16 I b 74 5 — 4 For peaks, sce Table 2.
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Table 2 Chromatographic retention times and purities
of tobacco fractions

Peak No.

in Fig4 Compound tz/min Purity/%
1 nicotine 3.23 96.96
2 chlorogenic acid 12.89 98.23
3 rutin 18.12 95.71
4 solanesol 8.59 81.01
5 unknown 9.91 86.83
6 unknown 11.94 41.82
7 unknown 13.24 45.24
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