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Several chromatographic methods have been developed for the investigation 
of natural products. Droplet counter-current chromatography (DCC), which was 
initially developed by Tanimura et a1.l for biochemical studies, is based on the difIerence 
of the partition coefficients of compounds in liquid-liquid phases such as counter- 
current distribution2, but it has _-at advantages for the small-scale and semi-micro 
qualitative and quantitative determination of naturally occurring compounds, which 
is the main subject bf this paper. 

EXPERIMENTAL, 

The apparatus for DCC, illustrated in Fr,. *a 1, consists of 500-1000 Pyrex glass 
tubes (40 cm long and 1.65 mm in diameter) connected to each other top-to-bottom 
with thin plastic tubes*** (55 cm long and 0.65 mm in diameter) that are stable against 
acids, alkalis and other organic solvents. 

Several solvent systems that form two immiscible layers are selected for the 
eEcient separation of compounds by DCC. Before s’tirting the development, al! of 
the tubes are i%lled with an upper layer or a lower layer of the solvent system using a 
micropump, to make a stationary phase. Roughly fractionated plant extracts are dis- 
solved in a 1: 1 mixture of the stationary and mobile phases and charged to a sample 
chamber. 

In the ascending method, mobile phase is sfowly pumped into the apparatus 
through the sample chamber to fo_rH1 droplets moving up from the bottom to the top 
of each glass tube. Partition occurs between the stationary phase and the moving drop- 
lets through the overall set of tubes, giving a well defined separation on the basis of 

'l'i-esat address: Hoshi College of Ph2rm2cy, 2441 Ebara, Shinagaa-ku, Tokyo 142, 
Jqaii. 

.** To &horn corrcsponderxe should be zddresed. 
l ** A co-pol,umer of F.-ethylexze and F6-propylene. 
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Fig. 1. Schemtic model of dropIet countercurrent chromatog@hy showing that droplets are as- 
cending through the stationary phase. 

the difference in the partition coefficients of the components of the sample. The end 
of the system is connected to a fraction collector to collect 3-5 ml fractions. The overall 
separation is accomplished during a period of a few days to a week, depending on the 
scale of experiment. Each fraction collected is evaporated to dryness and the amount 
present is measured gravimetrically or colorimetricaliy using an appropriate colour 
reagent. TLC is applied to each fraction in order to establish the purity and identity 
of the substance. 

A reversed-phase system can be used for separation, in which the droplets of 
the lower-Iayer sofvent move down through a stationary phase of the upper-layer 
solvent in the tube system. The size of the droplets in the DCC system depends on the 
surfa= tension and the difference in the specific gravities of two iiquid phases, as well 
as on the diameter and the quality of the glass tubing. For instance, a solvent system 
consisting of n-hexane and water, which gives a high surface tension, forms a large 
drop of ca. 5 mm in diameter, resulting in plug Bow of the stationary phase in the 
Pyrex g&s tubes of the DCC system. It is desirable to use several tube systems of 
different diameters for diRerent solvent systems, but it should be noted that a large 
diameter of the tubes decreases the efficiency of separation. The solvent systems used 
so far to give a suitable size of droplets for efbcient separations are given in Table I. 

APPLICATION OF DCC TO THE SEPARATION AND PURIFICATION OF NATURAL 
PRODUcrS 

The sapomns of the seeds of Zizyphusjujuba Mill. and the root bark of Hovenia 
dukis ‘Dumb. (Rhamnaceae) are characterized by the formation of ebehn lactone3 on 
acid hydrolysis, although it is obviously not the genuine sapogenin but an artifact. 

The saponins of this group have been studied using DCC for (a) the quantita- 
tive de&&nation and (b) the semi-micro preparation of the pure saponins. The 
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TABLE I 

SOLVENT SYSTEMS F’OR DCC 

Comporrents 

KBu~ol-2eetic acid-water 435 
LButanoLpyriditer 5:2:10 
n-Butanol-pyridiaeaQr 1O:l :lO 
n-3utanol-O.1 oA acetic acid-pyridine S:Ll:3 
n-Butanol-rert.-butzxnotanol-2 N ammonia 3:1:4 
n-2utanoLn-propanoLw2ter 2:1:3 
sez.-Butanol-tri8uoro~~tic acid-water 120:1:160 
sec.-Butanol-1 “/, riichloroacetic acid 1:l 
Cbloroform-xe tic ecid-water (or 0.1 N hydrochloric 2cid) 2:2:1 
Chloroform-methanol-o.1 N hydrochIoric acid 19:19:12 
~~orofonr-ben~ol-w2ter lS:l5:23:7 
Chloroform-benzene-metkmo&!_U N hydrochloric acid 105:11:4 
ChIoroform+nethanol-water 35:65:40 
Dkhloromethat!e-methanol-water 105:s 
n-Hexaue-ethanol-water-ethyl a&ate 5:4:1:2 
EthyI acetate-n-propanol-water 4~2~7 

semi-micro quantitative determination of the saponins of H. dzkis by either a gravi- 
metric or 2 calorimetric method gave a good ageement. A mixture of saponins of 
H_ ~kzk, hovenosides (195 mg) was developed by DCC using the solvent system 
chloroform-methanol-water (35:65:40). After evaporation of each frzction, the re- 
sidue wzs weighed, dissolved in 2 ml of water and then 1. ml of 5% phenol 2nd 5 ml 
of concentrated sulphuric acid were added-?. The mixture was allowed to stand for 
30 min, with cooling, and then determined co!orimetrically at 490 nm. The recovery 
of total saponins was 98% (Fig. 34. 

A comparative study of the variation in the saponin content in the root bark 
0f.H. dulci~ using DCC showed the disappearance of hovenoside C and the appearance 
of G’ and H in the material coIlected during spring at Minakami, Gumma Ref., 
Japan, in contrast to that collected during autunzn at Fudago, Chiba, Japan (Figs. 2 
and 3). 

The separation of the saponins of 2. &@&z seeds was attempted first with 
DCC using the solvent system chloroform-methanol-\ivater(50:60:40), and jujuboside 
B WM isolated. When n-ptopanol ~2s added to this solvent i&tern (chioroform- 

Fig. 2. TLC of the saponin fraction of Hovenia drdcis on a sika gel GF= using th& so&eat system 
chloroform-methmoi-wat& (65:35:10) (lower I;r.yer). Spray rez%gent: 10% sulphuric 2cid; (2) S2- 
ponins isolated from the plant colksted in spring; @) saponins isolated from the pIant &kted k 
alltumn. 
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Fig 3. DCC elution diagrams of saponi~~~ of Hovenia dulcfs (hovenosides). (a) Oblained in spring at 
Mhakami using So9 tubes (40 cm x 1.69 mn I.D.), sohent system chloroform-metbaot-water 
(35 55 :40), lower iayer for statiozxy phase and upper Layer for mobiIe p&se in the zscending method. 
A saponin mixture (195 mg) wzs charged for sepvation to collect fractions of 4g each Solid line, 
measured colorimetricaHy at 490 nm using phenol-sulphuric acid as the reagent; broken line, mez- 
sued gmvimetricalIy_ (b) Obtzined in autumn at F&ago using 509 tubes (40 cm x 1.65 mm I.D.), 
s&vent system c~oroform-me&mot-water (35:65:40), lower Kzyer for stationary phase and upper 
layer for mobile phase in the ascending method. A szpaGn mixture (1 g) was fractionated into 2-d 
fractioris for gravimetric determination. 

methanol-n-propanol-wzter, 45:60:5:40), jrrjuboside A was dso obtained in a pure 
crystalline state (Fig. 4). 

Sennosides A, B mtf C of Senna ond Rhubarb 
A mkture of sennosides A, B and Cs (3 mg each) was submitted to DCC using 



Fig. 4. (a) Separation of saponins of the seeds of Zizyphrrs jujfda (jujubosides). A saponin mixture 
(25 mg) was devetoped using 509 tubes and the solvent system cMoroform+nethaookvater(50:60:40) 
in the ascending method. The mobile phase eluted was fractiozated into 4-d fractions for colori- 
metric determination using phe~ol-sulphuric acid as the reagent. (b) Purification of jujuboside A. 
Fractions 30-70 (12 mg) containing mainly jujuboside A, which were separated by the previous DCC 
fsee Fig. 4a), were developed again throq$ 509 tubes (40 cm x 1.65 mm I.D.) by the assnding 
method u&g the solvent system chioroform-methanol-n-propanol-water (45:60:5:40) i&o 4-d 
fractions for calorimetric determination using phenol-sulphuric acid as ffie reagent. 

Fig. 5. Separation of sennosides. A mixt&e of sennoside A, B and C (3 & each) Gas separated by 
ascending DCC with 509 tubes (40 cm x 1.65 mm I.D.) using ffie solvent system cMorOform- 
methqol-+propanolter {45:60:10:40) into 4-d &-actions for densitometric determination at 
-260 nm iz~ 50% ethanol soMion_ 



the sofvent systems chloroform-methano&z-propstnof-water (4550: RbKfj. Th 
mobile phase was co&cted in the fraction tubes in volumes of 4 ml each, the solvent 
was evap&ated to dryness and the residue was dissolved in 5 ml of 50% ethanol, 
folIowed by pfiotomettic me&surement at 260 nm. ZIB this instance the geometric iso- 
mers, semoside A and B, were separated well, whereas sennoside A and C had iden- 
tical ret&ion times (Fig. 5). 

Fig. 6. Separation of monosaccharides. In the first stage a ~nixture ofga!actose, xyIose and rhanmose 
(100 ng each) was developed by ascending DCC with 6MJ tubes (40 cm x 1.65 mm l-D_) using the 
soknt system ch!orofo rm-methanol-water (35:65:40), and in the second stage, starting 24 h after 
the charge of the first sample, a mivture of arabinose, ghmxe and fucase (100 mg each) was added and 
developed in the same way, colkckg 2-ml fractions for gravimetz-ic determination. 

The separation and identification of monosaccharides are after, required for 
the investigation of saponins and other glycosides. 

A mixture of galactose, xylose and rhamnose (100 mg each) was subjected to 
DCC and, after runs&g for 24 h, a mixture of glucose, arabinose and fucose (100 mg 
each) was administered. The use of the solvent system chloroform-methanol-water 
(35:65:4O), with 1200 theoretical plates, gave a satisfactory separation of the com- 
ponents (Fig. 6). 
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