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Abstract

A binary mixture of phosphatidylcholine (PC) and phosphatidylethanolamine (PE) was successfully separated by high-performance dis-
placement chromatography (HPDC) on an 150 .6 mm analytical silica column (345m packing), using dichloromethane—methanol
(9:1, vlv) as carrier and ethanolamine as displacer. The effects of displacer concentration, flow-rate, loading amount and the composition of
the sample on separation efficiency were studied. Eighty-four milligrams sample (PE:PC 1:1.16) was separated perfectly by using 83 mM
ethanolamine (in carrier) as displacer at the flow-rate of 0.1 ml/min. The yields of the pure PE and PC (100% purity) were 94.8% and 87.9%,
respectively and the cycle time for a single separation was about 195 min. It was valuable that the optimum loading amount (the allowed
maximum of sample loading) was investigated only by using the sample to be simulated the composition of the separated actual one, because
the separation efficiency was significantly affected by the composition of the sample. For the same loading amount of 175 mg, the yields of
the pure PE and PC were improved greatly from 31.4 and 16.9 to 56.0 and 77.6%, respectively, when the proportion of PE to PC was adjusted
from 1:1.16 to 1:4. Furthermore, the separation of PE and PC in an actual sample (soybean phospholipids) was achieved using the proposed
HPDC method.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Applications of displacement chromatography, before the
1980s, were mainly concentrated on the fields of separa-
The displacement mode of chromatography was first rec- tion of rare earth element and isotope separation owing to
ognized in 1906 by Tswett who found that sample dis- the limit of inefficient chromatographic systems and pack-
placement occurs under conditions of overloaded elution ing [4,5]. However, since it was successfully utilized in
chromatographyl]. In 1943, the concepts of frontal, elu- separation and purification of biomolecules, displacement
tion and displacement chromatographies were introducedchromatography has attracted much attention. Horvath and
by Tiselius[2]. The mode of displacement chromatography co-workers successfully separated amino acid, peptide, phar-
was non-linear, usually including four operation steps: equi- maceutical diastereoisomer, corticosterone, polymyxins and
librium, loading, displacement and regeneration. The feed nucleic acids, etc. by displacement chromatogrgph.3];
components were driven out of the column by the displacer separation of protein and nucleic acids was achieved by
that had stronger affinity to the stationary phase than any Cramer and co-workefd4—-18} Qi and Huang tried to pu-
component in the feed. The feed components arranged themfify epimbicin from a raw product solutiofi9]; Freitag and
selves into a “displacement train” of adjoining square wave co-workers compared separation efficiency of dairy whey
concentration pulses of the pure substance according to theprotein on a packed column with a continuous-bed column,
order of the affinity strength to the stationary ph§&je and they also investigated the effect of the mass of displacer
on separation of protein by cation-exchange displacement
* Corresponding author. Tel+86-27-87684066; ghromatography[zo,z;]; CheVOIOI. et. al. improved the pu-
fax: 1.86-27-87647617. rification of sulfated oligofucan with ion-exchange displace-
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Compared with elution chromatography, displacement Methanol, ethanol, dichloromethane, chloroform, ethanol-
chromatography had some advantages such as large loadamine, diethanolamine, triethanolamine, acetonitrile, phos-
ing amount, high concentration of the product, little tailing, phoric acid and acetic acid were of analytical grade, obtained
low solvent consumption and high efficiency of use of the from Shanghai Medicine Co. (Shanghai, China). Water used
stationary phase. Hence, it was appropriate to be used asn this work was re-distilled.
preparative chromatograptif,3]. The loading amount of
displacement chromatography is usually one or two order 2.2. Apparatus
greater than that of elution mode when using the same
column. Some of researchers have successfully performed The high-performance displacement chromatography
the preparative displacement chromatography on analytical(HPDC) apparatus was consisted of a LC-6A pump (Shi-
columns[11-22] madzu, Tokyo, Japan), an SPD-10A ultraviolet (UV) de-

Natural phospholipids, main constituents of cell mem- tector (Shimadzu) and a Rhecdyne 7725i injector with
branes, have a lot of important biological functions to all 0.7 ml sample loop (Cotati, CA, USA). The column used
living organismg[23-25] High-purity phosphatidylcholine  for HPDC was a 150 mnx 4.6 mm column packed with
(PC) and phosphatidylethanolamine (PE), the fraction prod- laboratory-made silica (3+bm).
ucts of phospholipids, were extensively applied in the fields  The analytical HPLC apparatus was kindly provided by
of nourishment, pharmaceuticals and cosmetics. At present,Dalian Elite Analytical Apparatus Co., which was consisted
high-purity PC and PE were usually prepared by HPLC of a P200 Il pump (Elite, Dalian, China), an UV200 II ul-
(elution mode)[26—29] in which there were some inher- traviolet (UV) detector (Elite) and a Rhecdyne 7725i in-
ent shortcomings, i.e., low loading amount and high solvent jector with 20wl sample loop. The chromatographic data
consumption, which lead to high production cost and price. was acquired by chromatography working station Echrom98
The high-purity PC and PE do not meet the needs of vari- (Elite). The HPLC analysis was performed on a 150 mm
ous fields because of the limit to their high prices. To reduce 4.6 mm column packed with pm laboratory-made silica.
the cost, many researchers had done a great deal of work,
but the results were not satisfactory. Yoon and Kim tried 2.3. Chromatography condition of analytical HPLC
to simple the mobile phase for reducing the cost, and they
successfully purified the egg PC by using pure methanol as Acetonitrile—methanol-85% phosphoric acid (180:3:1,
mobile phas¢30]. However, the innate shortcomings of elu- v/v) was used as the mobile phase, filtrated and degassed
tion mode couldn’t be overcome. The purpose of our work before us€g32]. The flow-rate was set at 0.5 ml/min. The
in this paper was to solve this problem for the preparation of loading volume was 2(l. The detection wavelength of UV
high-purity PC and PE by using displacement chromatogra- was 203 nm. All experiments were carried out at ambient
phy that is appropriate for preparative separation. temperature between 15 and €0} The quantitative anal-

PC and PE were main components in natural phospho-yses were performed by using external standard based on
lipids. The sum of PC and PE was about 70—90% of the total the height of peak, which was detailed in rgg2].
phospholipids in egg yol[31]. Soybean and other phospho-
lipids also could be purified to this level by using simple 2.4. Procedures
solvent extractioi32]. Consequently, binary mixture of PC
and PE was used as object to be separated by using displace2.4.1. Preparation of TLC
ment chromatography. The effects of flow-rate of displacer, At first, the slurry was prepared by putting some sil-
loading amount and displacer concentration on separationica gel G (100—-200 mesh) into 0.2% carboxymethylcellu-
efficiency were also studied in this paper. We hope to es-lose (CMC) solution. And then the slurry was covered on
tablish a method with high efficiency and low cost based some 25mmx 75mm glass plates with the thickness of
on the characteristic of displacement chromatography to beabout 0.5 mm. After dried, these plates were activated 2 h at
appropriate for preparative separation. 105°C, and then were cooled in a desiccator before use.

2.4.2. Selection of mobile phase (carrier) and displacer

2. Experimental by TLC
The candidate solvents were used as developer when the
2.1. Chemicals mobile phase (also called “carrier”) has been selected. Stan-

dard PC and PE used as samples were spotted 5 mm above
Phosphatidylcholine and phosphatidylethanolamine were the solvent level, height of which was 10 mm from the bot-
purchased from Sigma (Superior-chemicals & Instrument tom. The development was terminated when the solvent front
Co., Beijing, China). Soybean degummed oil residues were moved to the location of 10 mm from the upper edge of the
provided by Yonggu oil factory (Guangzhou, China). Silica TLC plate. And then the plate was dried and colored by
gel G (100-200 mesh) used for TLC was obtained from spraying with Dittmer—Lester reagef83]. The blue dots
Haiyang Chemical Group (Qingdao, China). were phospholipids. Th&: value of the sample was cal-
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culated by the distance from dot to sample spotted locationing a pre-column packed with silica according to Mounts’s
dividing that from solvent front to sample location. method[34]. Two hundred milligrams crude PC dissolved
After selection of the carrier, the candidate displacers were in a little chloroform was loaded on a 20 g silica gel column
dissolved in these carrier solvents to a certain concentra-(100—-200 mesh, irregular). It was eluted sequentially with
tion, which were used as developers for displacement TLC. chloroform (100 ml), acetone (50 ml) and methanol (150 ml).
Standard PC, PE and mixture of both were spotted and de-The methanol fractions were collected and removed from the
veloped, respectively. The other processes were the same asolvents under vacuum at 5G. The residues were used as
the above. The results of TLC were investigated to judge the raw product for separation by HPDC. This raw product

whether displacement took place or not. was weighted and the PC and PE contents of it were deter-
The detailed procedures of selection of carrier and dis- mined by HPLC. And then it was dissolved in 1 ml carrier
placer by TLC referred to refl0]. solvent for displacement separation.

2.4.3. Evaluation of regeneration efficiency of column and
selection of regenerant 3. Results and discussions

After the displacement was finished, the candidate solvent
system used as regenerant was pumped into the column aB.1. Selection of carrier and displacer by TLC
flow-rate of 1 ml/min for a certain time. And then the HPDC
system was equilibrated by carrier at flow-rate of 0.5 ml/min  Selection of stationary phase, mobile phase (carrier) and
and 0.7ml sample loop was replaced byp2Qoop. The displacer was interrelated in displacement chromatography.
retention time of benzene an@hydroxybenzoic acid was  The order of selection in our work was stationary phase,
determined at wavelength of 254 nm. The regeneration effi- carrier and displacer. It was usually a tedious and difficult
ciency was evaluated by the variances of the retention time.work to choose the carrier and displacer. The solvents to be

used as carrier must have characteristics of high solubility to

2.4.4. Separation of standard phospholipids by HPDC dissolve the sample, weak elution strength, good chemical

The system was first equilibrated with carrier at the stability, low viscosity and to be removed from the sample
flow-rate of 0.5ml/min, then the drain was opened and the easily, etc. The requests for the substance to be used as
pump purged with the displacer solution. Turned off the displacers were the strongest affinity to the stationary phase,
pump and closed the drain, the injector valve was turned good chemical stability and to be eluted out of the column
to “Load” position. The 0.7ml feed loop was filled with (regeneration) easily and fg&].
the mixture of PC and PE. The pump was turned on when Normal-phase HPLC was usually used to analyze the
the valve was turned to “Injection” position. The feed was phospholipids, in which silica and other bonded packings,
pushed into the column by displacer at a certain flow-rate. e.g., amine bonded silica were used as stationary phases
The effluent was collected in certain time intervals and an- [30,35—-37] For reducing the production cost and facilitat-
alyzed by HPLC. After emergence of the displacer front, ing to select the carrier and displacer by TLC, the silica was
the column was regenerated by pumping regenerant intochosen as stationary phase for displacement separation of
the column, and then it was equilibrated with carrier at PC and PE in our work.
0.5ml/min. The system could be used for next separation When the silica was used as stationary phase, it was
after equilibrium. The separation efficiency was optimized proved that TLC was a very effective tool for selection of
by changing the factors of flow-rate, loading amount and the carrier and displacer. Kalasz and Horvath successfully
displacer concentration, and it was evaluated by two in- selected the carrier, displacer and concentration of it for sep-
dices of the purity and yield of the product. The purity of aration of corticosterongl0].
a given product was defined for this study as the PE or PC  Dichloromethane and chloroform were solvents with high
percentage of the product. The yield of a given product was solubility to phospholipids. Hereby, both solvents were used
evaluated by dividing the quantity of the product by that of as candidate carriers. From the results of TLC, we found
PE or PC in the loading sample. The fractions containing that the spot of PC or PE did not movRH = 0) when using
displacer were excluded when calculating the yield of the single pure solvent as developer, which indicated that the

PC product. elution strength of pure dichloromethane or chloroform was
too weak to be a desirable carrier for displacement separation
2.4.5. Separation of soybean PC and PE by HPDC of PE and PC. To improve the elution strength, methanol

The soybean degummed oil residues that contained richwas added into dichloromethane and chloroform. Rge
phospholipids was usually used to prepare PC and PE. Thevalues of PC or PE were different with different proportions
crude PC was obtained from the degummed oil residues byof methanol to dichloromethane or chloroform. The results
the followed procedures in our work: acetone washing, 95% of TLC are listed inTable 1
ethanol extraction, acetone precipitation and solvent recov- The solvents could be used as carriers if #gevalues of
ery[32]. Besides PC and PE, the crude PC also contained aPC and PE were unequal and smaller than 0.1 when they
great deal of impurities. Thus, it was further purified by us- were used as developers in TLC with the same stationary
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Table 1 After the displacement front emerged from the column,
The Re values of TLC of standard PE and PC with different solvents as the regenerant Containing 60% (V/V) dichloromethane, 30%

developers (v/v) methanol and 10% (v/v) acetic acid was pumped
Solvents Re values through the column at a 1.0 ml/min flow-rate. After 90 min,

PE PC the system was equilibrated by the carrier at flow-rate

of 0.5ml/min. Then, the retention time of benzene and

Chioroform 0 0 -hydroxybenzoic acid was determined at wavelength
Chloroform—methanol (90:10, v/v) 0.07 0.01 p-ny y | . 9
Chloroform—methanol (80:20, v/v) 0.24 0.04 Of 254nm by using a 20l loop in place of the 0.7 ml
Chloroform—methanol (70:30, v/v) 0.56 0.1 loop. Compared with those determined before displacement,
Dichloromethane 0 0 we found that the range of change was lower tH&10%.
Dichloromethane—methanol (90:10, v/v) 0.04 0.01 It could be considered that the regeneration efficiency was
Dichloromethane—methanol (80:20, v/v) 0.14 0.03 good and the column was regenerated completely.
Dichloromethane—methanol (70:30, v/v) 0.32 0.06

3.3. Effect of displacer concentration on separation

_ efficiency
phase as that present in the column. From the data of the

Table 1, we could conclude that dichloromethane—methanol  pjchloromethane-methanol (9:1, v/v) and ethanolamine

(9:1, vlv) and chloroform-methanol (9:1, v/v) might be the \yere used as carrier and displacer. Sample concentration was
acceptable carriers according to the above criterion.Rthe 120 mg/ml (PE:PC 1:1.16) and loading volume was 0.7 ml.
values of PC and PE were 0.01, 0.04 and 0.01, 0.07, respecin fact, the loading amount was 84 mg (120md x 0.7 ml),
tively, when using above mixed solvents as developers.  which was separated at the flow-rate of 0.1 ml/min. Fractions
About 5Sml candidate displacer dissolved in 95ml of the column effluent were collected in 0.2 ml. Solvents of
dichloromethane-methanol (9:1, v/v) or chloroform—methanojhe fractions were removed by blowing;NThe residues
(9:1, v/v) was used as developer for displacement TLC. \yere weighted and then dissolved in chloroform—methanol
If the spots colored by Dittmer—Lester reagent were all (2:1 v/v) to a certain volume for determining the quantities
only one and their shapes were linear or narrow oblong of PC and PE by HPLC. The molar concentrations of frac-
being closely spaced at the front of the displacer for stan- tions were calculated from above analytical results, which
dard PC, PE or binary mixture of both as the sample, were used to construct the displacement chromatograms.
we could conclude that displacement was performed. Tri- The purity and yield of the corresponding products were also
ethanolamine, diethanolamine and ethanolamine, etc. wereca|culated from above results according to different ways to
investigated as candidate displacers. We found that dis-combine the fractions. In addition, the acidity or basicity of
placement took place when dichloromethane—methanolthe fractions was determined by pH paper. It was indicated
(9:1, v/v) and ethanolamine were used as carrier and dis-that displacer (ethanolamine) was effluent out of the column
placer, respectively. There was no displacement or only if the pH paper showed blue. The effect of displacer concen-
partial displacement in the other conditions. Consequently, tration on separation efficiency was evaluated by changing
dichloromethane—methanol (9:1, v/v) and ethanolamine gisplacer concentration as the followed: 333, 167, 83 and

were selected as carrier and displacer for HPDC. 42 mM. Fig. 1A-D shows the displacement chromatograms
of different displacer concentrations. The purity and yield
3.2. Regeneration of column of the products obtained with different ways to combine the

fractions are listed iTable 2

The criteria used to select the composition of the regen-  The yield of the pure PE (100% purity) increased with de-
eration solution is that the regenerant can remove displacercreasing displacer concentration: 79.5% by 333 mM, 89.5%
from the stationary phase quickly as well as it can be eas-by 167 mM, 94.8% by 83 mM and 96.8% by 42 mM. Gen-
ily replaced by carrier for the next separation. It is helpful erally, the separation efficiency was better in lower concen-
to achieve above goal that selecting the solvents of carriertration than higher concentration. There was only slightly
as the main compositions of the regenerant. In this work, different on separation efficiency between 42 and 83 mM.
dichloromethane—methanol (9:1, v/v) and ethanolamine The yield of the PE product (95.8% purity) was 104.3%
were used as carrier and displacer, respectively. There-by 42mM and that of the PE product (97% purity) was
fore, dichloromethane and methanol were selected as102.7% by 83 mM, which were all better than those in
the basic compositions of the regenerant. For removing higher concentrations (333 and 167 mM). The purity of the
ethanolamine from stationary phase, acetic acid was addedPE product was lower than 90% when the yield was al-
into above solvent system. The regeneration efficiencies most 100% in higher concentrations (Seble 3. The con-
of mixed solvents with different compositions were inves- centrations of some PE fractions were higher than those of
tigated, and we found that the appropriate proportion of the PC fractions and displacer when the displacer concen-
dichloromethane—methanol-acetic acid was 60:30:10 (v/v). tration was 42 mM (se€ig. 1D), which might be resulted
Hence, this mixed solvents was selected as regenerant.  from this displacer concentration to be too low, so displace-
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Fig. 1. Effect of displacer concentration on the resolution of standard PC and PE. Column, 1504mrmm silica column; carrier,
dichloromethane—methanol (90:10, v/v); flow-rate, 0.1 ml/min; fraction volume, 0.2 ml; feed, 84 mg sample (PE:PC 1:1.16) in 0.7 ml; displademigthan
(A) 333mM, (B) 167 mM, (C) 83mM, (D) 42mM. The concentrations of PE, PC and displacer are shown by dot, solid and dash lines.

ment not to be fully developed in present column length was 94.6% when the purity of the PC product was 95.7%
[6]. by 83 mM. The PC product with high purity and yield was
The effect of displacer concentration on the purity and also obtained by 42 mM. The yield of the high purity PC
yield of the PC product was great. The purity of the product product (97.5% purity) was 97.3% by 42 mM (SEable 2.
decreased with increasing the yield at the same displacer In summary, the separation efficiency was perfect when
concentration. No pure PC (100% purity) was obtained by displacer concentration was 83 mM or 42 mM. In above con-
333 mM, however, with the purity to be decreased to 83.9%, ditions, the yields of the pure PE and PC (100% purity)
the yield increased to 107.6% by 333 mM. The yield of the were all high. The separation efficiency was also good when
pure PC (100% purity) was 60.7% and that of the PC product displacer concentration was 167 mM. The concentrations of
(96.7% purity) was 89.2% by 167 mM. There was also not an the products and separation time were determined by dis-
obvious difference on the purity and yield of the PC product placer concentration when the other conditions were fixed.
between 83 and 42 mM, in which the yields of the pure PC The higher displacer concentration was used, the higher con-
(100% purity) were 87.9 and 91.0%, respectively. The yield centration of the product could be obtained and the less

Table 2
Effect of displacer concentration on separation efficiency
Displacer concentration (mM) PE PC
Purity (%) Yield (%) Purity (%) Yield (%)
333 100.0 79.5 100.0 0
84.5 97.1 94.6 38.8
90.9 53.4
83.9 107.6
167 100.0 89.5 100.0 60.7
86.7 111.3 96.7 89.2
91.8 107.6
83 100.0 94.8 100.0 87.9
97.0 102.7 95.7 94.6
42 100.0 96.8 100.0 91.0
95.8 104.3 97.5 97.3

92.0 106.5
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separation time would be tak¢®], which was the same as 200+
our result (sed-ig. 1). The advantages of high concentra- ]
tion of the product were that the consumption of solvent 175'_ PR —
would be decreased and the energy for recovery of solvent 50

would be saved. The period of production would be short- ~ 1
ened when separation time was reduced. All these Would% 1254
result in the decrease of the production cost, which was &
a primary factor to be considered for preparative separa- &
tion. Therefore, the higher displacer concentration should be § 754
used on the condition of separation efficiency to be guaran-S 1
teed. Amongst several concentrations chosen in our work, 501
333 mM was too high to obtain satisfactory separation and 25_'
42mM was too low because separation time was taken :
too much despite the purity and yield of the product be- O+——F——T1—

T
ing high. 83 and 167 mM were desirable concentrations, 2 1 16 18 28
and which one was used should depend on the require<A) Fraction number

ment for quality of the product. If the purity of the product

was required more than 95% and the yield was also needec 200 q
high, 83 mM should be used. However, if the requirement 175_‘
was rather low, 167 mM could be used for saving the sol- ] R R
vent and energy consumption and reducing the separatior 150

time. . 1 :
S 125 \

E ] :

3.4. Effect of the flow-rate of displacer on separation § 100 - :
efficiency g . !
8 75 -1 1

= | 1

The displacer concentration was 167 mM and the other & 50 i

conditions and procedures were the same &eirtion 3.3n
addition to the flow-rate. The effect of the flow-rate of dis- 25
placer on separation efficiency was investigated by chang- :
ing the flow-rate from 0.1 to 0.5ml/mirkig. 2A and B L 16 18 20 22 24 26 28
shows the displacement chromatograms under conditions ol Fraction number

the different flow-rate. The purity and yield of the products

are given inTable 3 o U
h ields of the pure PC and PE (IOO(V urit ) de- umn, 150 mmx 4.6 mm silica column; carrier, dichloromethane—methanol
The yie p o purity (90:10, v/v); flow-rate, (A) 0.2ml/min, (B) 0.5ml/min; fraction volume,

creased with the increase of the flow-rate. As the flow-rate 0.2 mi; feed, 84 mg sample (PE:PC 1:1.16) in 0.7 ml; displacer, 167 mM
increased from 0.1 ml/min to 0.2ml/min and 0.5 ml/min, ethanolamine. The concentrations of PE, PC and displacer are shown by
the yield of the pure PE decreased from 94.8 to 78.6 and dot, solid and dash lines.

62.2%, and that of the pure PC decreased greatly from

87.9 to 60.2 and 0.0% (se®able 3. Consequently, the

Fig. 2. Effect of flow-rate on the resolution of standard PC and PE. Col-

separation efficiency was the best when the flow-rate was

Table 3 0.1ml/min and both the purity and yield of the product
Effect of flow-rate on separation efficiency were high. If the purity of the product was not strictly
Flow-rate Py PG required, the flow-rate of 0.2ml/min also could be used.
; In this condition, the yield of the PE product (85.7% pu-
(mi/min) Purity (%)  Yield (%)  Purity (%)  Yield (%) :
rity) was 112.1% and that of the PC product (90.2% pu-
0.1 100.0 94.8 100.0 87.9 rity) was 96.2%. Although the purity and yield of the prod-
97.0 102.7 95.7 94.6 uct were lower at the flow-rate of 0.2 ml/min than those at
0.2 100.0 78.6 100.0 60.2 0.1 ml/min, the separation time would be reduced half. The
85.7 112.1 90.2 96.2 separation efficiency was bad at the flow-rate of 0.5 ml/min,
83.6 109.9 it was indicated that the flow-rate was too fast to fully de-
0.5 100.0 62.2 100.0 0 velop the displacement train in our HPDC system. Hence,
86.9 96.9 80.4 70.1 the flow-rate of 0.1 or 0.2 ml/min should be chosen accord-
72.3 126.6 74.8 87.1

ing to different requirements for the quality of the prod-

67.4 99.5
uct.
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Fig. 3. Effect of loading amount and composition of the sample on the
resolution of standard PC and PE. Column, 150 mm.6 mm silica
column; carrier, dichloromethane—methanol (90:10, v/v); flow-rate, 0.1 ml/
min; fraction volume, 0.2 ml; feed, (A) 130 mg sample (PE:PC 1:1.16) in
0.7ml, (B) 175mg sample (PE:PC 1:1.16) in 0.7 ml, (C) 175mg sample
(PE:PC 1:4) in 0.7 ml; displacer, 83 mM ethanolamine. The concentrations
of PE, PC and displacer are shown by dot, solid and dash lines.

3.5. Effect of loading amount and composition of the
sample on separation efficiency

The displacer concentration was 83mM and the other
conditions were the same as #ection 3.3expect load-
ing amount. The effect of loading amount on separation
efficiency was evaluated by changing the loading sam-
ple concentration as follows: 186 mg/ml (PE:PC 1:1.16),
250mg/ml (PE:PC 1:1.16) and 250mg/ml (PE:PC 1:4).
Fig. 3A—Cshows displacement chromatograms of different
loading amount. The purity and yield of the product are
presented imable 4

Because loading volume was 0.7 ml, the factual load-

151

Table 4
Effect of loading amount and composition of the sample on separation
efficiency

Loading amount PE PC
Purity Yield Purity Yield
(%) (%) (%) (%)
130mg (PE:PC 1:1.16) 100.0 56.7 100.0 43.2
95.1 74.1 96.9 59.1
85.3 96.5 89.6 80.8
85.1 101.8
175mg (PE:PC 1:1.16) 100.0 314 100.0 16.9
94.5 43.6 93.3 25.2
91.9 57.3 88.0 36.3
83.8 48.9
175mg (PE:PC 1:4) 100.0 56.0 100.0 77.6
78.7 103.9 95.1 92.4
89.4 104.3

Loading amount in every production period was a vital in-
dex for preparative separation. The time would be consumed
more for the equal quantity sample if the loading amount
was too low, which would lead to increase the production
cost. However, the loading amount could not be too large,
otherwise, the separation efficiency would be bad when it
surpassed a certain point (the allowed maximum of load-
ing). When the column was overloaded, the larger or longer
column or slower flow-rate was required to achieve separa-
tion [2]. Hence, selection of an appropriate loading amount
(the allowed maximum of loading) was an important factor
for preparative displacement separation.

With the increase of the loading amount from 84 mg
(PE:PC 1:1.16) to 130mg (PE:PC 1:1.16) and 175mg
(PE:PC 1:1.16), the purity and yield of the products de-
creased greatly. The yield of the pure PE (100% purity)
decreased from 94.8 to 56.7 and 31.4%, and that of the pure
PC (100% purity) decreased from 87.9 to 43.2 and 16.9%.
The yield of the PE product (97% purity) was 102.7%
and that of the PC product (95.7% purity) was 94.6% in
84 mg (see€Table 2. When the loading amount increased to
130 mg (PE:PC 1:1.16), the yield of the PE product (95.1%)
decreased to 74.1% and that of the PC product (89.6% pu-
rity) decreased to 80.8%. When the loading amount further
increased to 175mg (PE:PC 1:1.16), the yields of the PE
product (94.5% purity) and the PC product (88.0% purity)
were only 43.6 and 36.3%, respectively (Seble 4. The
above results illustrated that the yield and purity of the
product decreased with the increase of the loading amount
in our work, which was the same as the result of {&f.
When the loading amount was 130 mg (PE:PC 1:1.16), the
separation efficiency was inferior to that of 84 mg (PE:PC
1:1.16). However, it could be accepted if the requirement
for the quality of the product was not high. Therefore, for
obtaining the good separation, the loading amount must be
lower than 130 mg (PE:PC 1:1.16).

ing amounts were 130 mg (PE:PC 1:1.16), 175mg (PE:PC The effect of composition of the sample on separation

1:1.16) and 175 mg (PE:PC 1:4).

efficiency was also investigated in this work. The separation
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efficiency was distinctly different even if the loading amount
was equal when the proportion of PE to PC was different in
the sample. Although the loading amount were the same as
175 mg, the yields of the pure PE and PC (100% purity) were
improved from 31.4 and 16.9 to 56.0 and 77.6% when the
proportion of PE to PC was adjusted from 1:1.16 to 1:4 (see
Table 4. The result was also demonstrated that the effect
on the purity and yield of the PC product was greater with
the increase of the PC proportion in the sample. The yield
of the PC product (93.3% purity) was only 25.2% when the =~ 1207
proportion of PE to PC was 1:1.16, however, that of the PC
product (95.1% purity) was as high as 92.4% when thatwas |
1:4.

As a whole, the separation efficiency was not only corre-
lated with the loading amount, but also with the composition 00 20 40 6.0 80 100 120 140
of the sample under a certain condition. Because the com- Time(min)
positions of each natural phospholipids were different, the
optimum loading amount (the allowed maximum of load- Fi9- 4 Chromatogram of the raw product. Column, 150mmM6émm
. . . . silica column; mobile phase, acetonitrile—methanol-85% phosphoric acid
ing) should be selected by using the simulating sample, the(180:3:1, v/v); injection volume, 2Ql; flow-rate, 0.5ml/min; sample
composition of which was the same as the actual sample toconcentration, 1mg/ml (in chloroform—methanol, 2:1, viv). Peaks: (1)
be separated_ solvents+ impurities; (2, 3 and 5) impurities; (4) PE; (6) PC.

The purpose of using the binary mixture (PE:PC 1:4) as
the sample was just to simulate the compositions of egg emerged after fraction 27. Thus, fraction 13-17 and 18-26
phospholipids and ethanol extracted soybean phospholipidswere combined to recover PE and PC by removing solvents
[31], which was the basis for further research of these actual under vacuum at 50C, respectively. The main components

3001

240

—
(=
(=]

Absorbance(mv)

samples by using HPDC method. and yield of the soybean PE and PC product are presented
in Table 5 Figs. 6 and 7show the HPLC chromatograms
3.6. Separation of soybean PC and PE by HPDC of the soybean PE and PC product.

Compared with the result of displacement separation of
About 132mg raw product was obtained from 200 mg standard PC and PE, the purity of the soybean PE and PC

crude PC. The contents of PC and PE of the raw product areProduct was slightly low. The purity of the soybean PE prod-
given inTable 5 Fig. 4 shows the HPLC chromatogram of =~ uctwas only 72.2% and that of the soybean PC product was
the raw product. 88.9% when the yield was 117.9 and 95.1%, respectively.

The raw product was separated by using 83mM Although the purity of the product was not very high, it was

ethanolamine and dichloromethane—methanol (9:1, v/v) as
displacer and carrier. The flow-rate of displacer was set at g

0.1 ml/min. The loading volume was 0.7 ml and the actual e
loading amount was 92.4mg (132pmgl x 0.7 ml). The 75 !
effluents were collected in 2 min intervals. The other proce- :
dures were the same as abdvig. 5shows the displacement ;
chromatogram constructed by depending on the analytical% 607 !
results. FromFig. 5 we could found that 13-17 fractions = :
contained PE, 19-26 fractions contained PC, fraction 182 45 :
contained little PE and a great deal of PC and the displacer§ '
£ 304
U -
Table 5 15 !
The compositions of the raw product, soybean PE and PC product and '
yield of the soybean PE and PC product . X
. 0I'l'l'I'I'I'i'l'l'l'l'l'l'l'i'l'l'l'l'
PE (%) PC (%) Others (%) Yield (%) 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Raw product 17.3 66.5 16.2 Fraction number
PE product 22 ND® 27.8 117.9 Fig. 5. Displacement chromatogram of soybean PE and PC. Col-
PC product 13 889 9.8 95.1 umn, 150 mmx 4.6 mm silica column; carrier, dichloromethane—methanol

2 The content of PE or PC in the soybean PE or PC product is the (90:10, v/v).; flow-rate, 0.1 ml/min; fract'ion volume, 0.2 ml; feed, 92.4mg
purity of that. in 0.7 ml; displacer, 83 mM ethanolamine. The concentrations of PE, PC

b 'ND refers PC to be not detected. and displacer are shown by dot, solid and dash lines.
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From the displacement chromatogramFHig. 5, it was
also illustrated that PE and PC were separated completely.
400 | ; Hence, the displacement chromatography used for separa-
_ tion of phospholipids was feasible.
E 3201
g
=
2 4. Conclusion
g 240/
z TLC was a simple and effective method for selection of
2 carrier and displacer when silica was used as stationary phase
1601 )
in normal-phase HPDC.

Eighty-four milligrams binary mixture of PC and PE
801 (PE:PC 1:1.16) was successfully separated by HPDC on an
150 mmx 4.6 mm analytical silica column at the flow-rate
of 0.1 ml/min when dichloromethane—methanol (9:1, v/v)
00 20 40 60 80 100 120 140 and 83 mM ethanolamine were used as carrier and displacer,
Time(min) and the yield of the pure PE and PC were 94.8 and 87.9%.
Fig. 6. Chromatogram of the soybean PE product. Column, If ,the proportion of PE to PC was adjusted to 1:4, 1,75 mg
150 mmx 4.6 mm silica column; mobile phase, acetonitrile—methanol-85% Mixture could be successfully separated. Under this con-

phosphoric acid (180:3:1, vAv); injection volume, 20 flow-rate, dition, the yield of the pure PC (100% purity) was 77.6%
0.5 ml/min; sample concentration, 1 mg/ml (in chloroform—methanol, 2:1, and even when the purity of the PC product was 95.1%, the
viv). Peaks: (1) solvents impurities; (2) impurities; (3) PE. yield of that was as high as 92.4%. The cycle time for a

single separation was about 195 min.
demonstrated that displacement separation of PE and PC in The separation efficiency of displacement chromatogra-
soybean phospholipids was performed. PC was not detectecphy was affected by various factors such as displacer con-
in the PE product, and there was only 1.3% of PE in the PC centration, flow-rate of displacer, loading amount, etc., and
product (se€lable 5. The product purities were not high it was also affected by the composition of the sample. Even
due to a number of impurities existing in the raw product though for the equal loading amount, the separation effi-
besides PE and PC. These impurities were eluted out of theciency was very different under the same chromatography
column accompanying PE or PC because their adsorptioncondition due to the different contents of the components in
characteristics did not meet the requirements for displace-the sample. Hence, it was not enough to investigate the al-
ment under the conditions in this work. Consequently, the lowed maximum of loading if the composition of the sample
purity of PE or PC product was affected by these impurities, was not considered. Only the composition of sample was
especially for the former (impurity of 27.8% in the soybean similar to the actual one to be separated, the results obtained
PE product and only 9.8% in the soybean PC product, seefrom these experiments would be valuable.
Table 5. As a chromatography mode appropriate for preparative

separation, the displacement chromatography exhibits the

potentiality of application in the field of preparation of phos-
400 pholipids owing to inherent advantages such as high loading
2 amount and concentration of the product, low solvent con-
%320 sumption, etc.
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00 20 40 60 80 100 120 140 160
Time(min)

Fig. 7. Chromatogram of the soybean PC product. Column,
150 mmx 4.6 mm silica column; mobile phase, acetonitrile-methanol-85%
phosphoric acid (180:3:1, v/v); injection volume, 20 flow-rate,

0.5 ml/min; sample concentration, 1 mg/ml (in chloroform—methanol, 2:1, [1] F.G. Helfferich, J. Chromatogr. 373 (1986) 45.

v/v). Peaks: (1) solvents impurities; (2) PE; (3) impurities; (4) PC. [2] Cs. Horvath, A. Nahum, J.H. Frenz, J. Chromatogr. 218 (1981) 365.
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