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CHAPTER 5

PRELIMINARY SEPARATION AND ISOLATION OF BIOACTIVE COMPOUNDS

5.1 Introduction

Separation techniques leading to the isolation of bioactive compounds are important in the natural product
isolation process. The complexity of a plant extract can be simplified through different separation
techniques. In this chapter the use of solvent-solvent fractionation and vacuum liquid chromatography (VLC)
processes as important techniques in the preliminary separation and isolation of natural product compounds

were compared. Separation and isolation of the bioactive compounds was performed according to Fig. 5-1.

Extraction
A 4
C. imberbe & C. padoides C. padoides
DCM extract DCM extract
y
Solvent-solvent fractionation Vacuum liquid chromatography

Gradient column chromatography

y

Isolated compounds

Figure 5-1: Diagrammatic summary of the isolation routes
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In order to determine the fraction(s) containing antibacterial compounds to quantify the activity of the
solvent-solvent and VLC fractions, bio-autography and the MIC of the fractions were determined. The
bioautography method was based on Begue and Kline (1972) and the MIC method was in accordance with
Eloff, (1998) as described in sections 4.2.2 (page 51) and 4.2.3 (page 52).

5.2 Materials and methods

5.2.1 Solvent-solvent fractionation

The purpose of solvent-solvent partitioning is to simplify extracts by fractionating the chemical compounds
into broad groups based on their solubility (Suffness and Dous, 1979). The procedure is summarised in Fig.
5.2. Three g of C. imberbe and 10 g C. padoides DCM extracts obtained from serial exhaustive extraction
were used. These extracts were dissolved in 1:1 mixture of chloroform and water and the two phases were
separated in a separating funnel. The water fraction was mixed with equal volume of n-butanol in a
separating funnel to yield the water [W] and butanol [B] fractions. The chloroform fraction was dried in a
rotary evaporator under reduced pressure and extracted with an equal volume of hexane and a 10%
water/methanol mixture.

The vyielded of the hexane [H] fraction and the 10% water/methanol mixture was diluted to 20%
water/methanol by the addition of water. This was then mixed with carbon tetrachloride [CT] fraction. The
20% water/methanol was further diluted to yield a mixture of 35% water/methanal and mixed with chloroform

to yield the chloroform [CL] and 35% water in methanol [WM)] fractions.

In all cases, equal volumes of solvents were used and the process repeated three times. In some cases
centrifugation had to be applied to separate the emulsions formed. For quantitative determination,
extractants were placed in pre-weighed flasks and the solvents removed under vacuum in a rotary

evaporator. The extracts were later re-dissolved in acetone or acetone/water mixture for further analysis.

5.2.2 Column chromatography
9.2.2.1 Vacuum liquid chromatography
In an attempt to compare solvent-solvent fractionation and vacuum liquid chromatography (VLC) routes in

isolating antibacterial compounds, 10 g of the DCM extract of C. imberbe was fractionated on a 10 x 30 cm

VLC column. The extracts were separated by TLC using 3 solvent systems [hexane:ethylacetate (1:4), (3:2),
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(1:1)] to select the best system necessary to start the VLC gradient elution. Hexane:ethylacetate (3:2)
indicated the best separation required to start the gradient elution. One thousand grams silica gel 60 was
placed into a 10 x 30 cm diameter column in which the mobile phase was sucked through by reduced
pressure. A separation funnel was connected to the column via a T-piece adaptor, with the side arm
connected to the vacuum line; fractions were collected as the column was developed. Eluents were applied
in a stepwise gradient (Table 5-1).

500 g of powder leaf material of plant

'

Serial exhaustive extraction with hexane,
DCM, acetone and methanol

3 g DCM extract dissolved in 1:1 chloroform/water
separated in separatory funnel

Chloroform fraction concentrated to dryness, Water component, add n-butanol
add hexane and 10% water in methanol

! !

Hexane 10% water in methanol diluted to 20%
water in methanol, add carbon tetrachloride

l l —p Water
20% water/methanol diluted to 35% Carhon tetrachloride
water/methanol, add chlorofom fraction

o

Chloroform fraction 35% water/methanol fraction

n-butanol

Figure 5-2: The protocol used for the solvent-solvent fractionation of the components in the DCM
extract of C. imberbe and C. padoides.
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The dry method for packing of chromatographic columns was used. Approximately 1000 g of silica gel 60
was poured slowly into the column, on top of a small amount of cotton wool. Silica gel (5 g) was mixed with
10 g of dichloromethane extract (dissolved in a small amount of DCM) and allowed to dry. The dry sample
was then placed neatly on top of the silica in the column. Filter paper was neatly placed on top of the
sample to prevent disturbance at the surface during solvent introduction. With the stepwise addition of each
eluent system (500 ml) onto the column, the vacuum was switched on. The solvent was allowed to run
through the column; until the 500 ml of each eluent system had been collected in the collection tubes of 50
ml each, through a separating funnel. Each tube content was concentrated overnight under a stream of cold

air. TLC analysis was then carried out on fractions collected.

Eluting salvent

Stationary phase

Flexible seal 10 preserve
vacuum

To vacuum line

/

3 Tap closed while vacuum
applied

Opened when vacuum
released for eluant removal

Figure 5-3: Vacuum liquid chromatography apparatus (Houghton, 1998)

Table 5-1: Gradients of solvent used in VLC for the separation of the dichloromethane extract of

C.imberbe

Eluent system Hexane (ml) ethyl acetate (ml)
A 60 40
B 50 50
C 30 70
D 10 90
E 0 100
Ethyl acetate (ml) methanol (ml)

F 90 10

80 20

H 80 40
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The solvents used were hexane, ethyl acetate and methanol. The gradient began with 3:2 (hexane: ethyl

acetate)

5.2.2.2 Gravity gradient column chromatography

The DCM extract of C. imberbe (16.5 g), having the highest antibacterial activity was subjected to liquid-
liquid fractionation process that afforded six fractions [chloroform (6.5 g), water (0.125 g), n-butanol (0.476
g), hexane (0.8), CClz (1.356 g), 35% H20 in MeOH fractions].

The high activity antibacterial fraction [chloroform (6.5 g)] was chromatographed on a 2x30 cm silica gel 60
open column using a stepwise gradient of n-hexane and increasing amount of ethyl acetate (EtOAc) (20%
each step); EtOAc with increasing amount of MeOH (10% each step); and finally at 40% MeQOH. Collected
fractions were evaporated under vacuum and examined by TLC. Homogeneous fractions were pooled to
give 12 major fractions (F4-F12). F1-F12 all had antibacterial activity according to bioautography (Section
5.3.3). The dried components of F1-F2 were dissolved in EtOAc, allowed to evaporate under a stream of
cool air to encourage crystallisation. Crystals were collected from F, and Fs and washed with hexane and
1:1 hexane: chloroform mixture to give Compounds 1 and 2 respectively. F1 (0.78 g) was separated on a 1x
20 cm silica gel 60 column and eluted with 3:2 hexane:chloroform to yield 7 mg of Compound 3. The

quantities of the others fractions were too small to consider chromatographic processing.

The DCM (3 g) extract that was the most active extract from C. padoides according to bioautography (8
antibacterial compounds) and MIC (0.08 mg/ml), was subjected to liquid-liquid fractionation process that
afforded six fractions chloroform (1.69 g), water (0.28 g), n-butanol (0.78 g), hexane (0.321 g), CCle (0.283
g), 35% H20 in MeOH (1.25 g) fractions.

The high activity antibacterial fraction (chloroform 1.69 g) (Table 5-2) according to bioautography (8
antibacterial compounds) and MIC (0.037 mg/ml) results was chromatographed on a 2x30 cm silica gel 60
open column using a stepwise gradient of n-hexane and increasing amount of ethyl acetate (EtOAc) (20%
each step), with increasing amount of MeOH (10% each step) and ending up at 50% MeOH. Collected
fractions were evaporated under vacuum or cold air stream and examined by TLC. Homogeneous fractions
were pooled to give 13 major fractions (A-K). Re-grouped fractions resulted in seven more distinct fractions

(F1-F7) and were all found to have antibacterial activity.
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