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Purification of S-PG05 using Simulated
Moving Bed Chromatography

Weihong Zhou, Shaopeng Lan, Jida Wang, and Bingchang Lin
Center of Separation Technology, University of Science

and Technology of Liaoning, Anshan, Liaoning, P. R. China

Abstract: S-PG05 ((15S)-15-methyl-prostaglandin F2a methyl ester) was
separated from the epimer R-PG05 and other impurities using SMB, combined
with batch chromatography. Based on this technical procedure, 94% pure
S-PG05 was obtained. Different column configurations and separation conditions
of SMB have been selected. A non-synchronous shift with a ‘‘partial extract
withdrawal’’ strategy has been employed, resulting in the saving of desorbent
and the increase of the purity of S-PG05.

Keywords: Non-synchronous shift, prostaglandins, partial extract withdrawal,
S-PG05, simulated moving bed Chromatography

INTRODUCTION

15-methyl-prostaglandin F2a methyl ester (PG05) belongs to the class
prostaglandins. Its chemical structure is shown in Fig. 1. Prostaglandins
are very important compounds for humans since they possess compre-
hensive and very strong bioactivity (1–4). Prostaglandins can be obtained
from natural products (5) or via chemosynthesis (6–8). The manufacture
of PG05 discussed in this paper is accomplished with the method of
chemosynthesis (9). And the product of chemosynthesis is composed of
epimers (S-PG05 and R-PG05) and many impurities. For pharmaceutical
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applications, only the S-PG05 (trade name Carboprost Methyl) possesses
the biological activity which is used for the selective termination of
gestation (10–15).

Originally the purification of S-PG05 is employed via the batch chro-
matography (50mm� 300mm I.D), where the packing material is silicon
gel and the desorbent is a mixture of CH2Cl2 (dichloromethane) and
CH3COCH3 (acetone). In this process, the consumption of silicon gel
and the mobile phase are much larger, since the silicon gel must be
changed after each elution. On the other hand, since the batch process is
intermittent, so the efficiency is lower. Considering the factors such as
scale, the consumption, the efficiency, and environmental protection, the
reversed-phase SMB chromatography is used where silicon gel is replaced
with C18 packingmaterial and the dichloromethane and acetone is replaced
with water andmethanol, since C18 packingmaterial can be used about one
season and the methanol can be recovered in 70%. So the total cost and the
pollution degree are reduced and the efficiency is raised.

This paper describes the purification of S-PG05 using a two-step
chromatographic process, consisting of a pre-treatment step of batch
chromatography followed by the 3-zone simulated moving bed running
under a non-synchronous shift with a ‘‘partial extract withdrawal’’ mode.
The purity of S-PG05 obtained via synthesis is only 15%. Therefore SMB
is combined with preparative chromatography as the pre-treatment. The
preparative chromatography is mainly used to remove the majority of the
impurities; the SMB process is used to separate the target component
S-PG05 from the epimer R-PG05 and the other remaining impurities.

To raise the purity of S-PG05 and reduce the consumption of the
desorbent in the SMB process, a non-synchronous shift with a ‘‘partial
extract withdrawal’’ strategy is employed in this work. It is not same with
the VARICOL process that has been described in (16–19). The principle
of the VARICOL process is also based on a non-synchronous shift of the
inlet and outlet valves in a multicolumn system, in contrast to the SMB
operation where this shift is synchronous. But in standard VARICOL
operation the flow rates are kept constant. In this paper, during half of

Figure 1. The chemical structure of PG05.
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the switching interval the extract withdrawal port is closed and the
desorbent flow rate is reduced, so we call it a non-synchronous shift with
a ‘‘partial extract withdrawal’’ strategy.

EXPERIMENTAL

Materials

The synthesis product and the standard sample of S-PG05 were provided
by Northeast General Pharmaceutical Factory (Liaoning, P. R. China).
HPLC-grade methanol used in the analysis was purchased from Yuwang
Industrial Co., Ltd (Shandong, P. R. China). The methanol used in
industrial tests was made by Northeast General Pharmaceutical Factory.
The tracers, uracil and naphthalene, which were used to measure the
porosity and the column efficiency, were purchased from Shenyang
reagent factory (Liaoning, P. R. China) and Shanghai hengxin chemical
reagent Co., Ltd (Shanghai, P. R. China), respectively.

Sample Analysis

A Waters HPLC system was used in analytical experiments. It consists of
a 515 HPLC pump, a Rheodyne 7725i injector and a 2487 UV detector. A
150mm� 4.6mm I.D analytical column (Zorbax SB-C18, Agilent) was
chosen.

The mobile phase was a mixture of methanol and water, (7:3 V=V).
The flow rate was 1.0mL=min. The detector wavelength was 202 nm. The
purity of S-PG05 was determined by an external reference method.

Pretreatment by Batch Chromatography

In the synthesis product, besides the target component S-PG05, the epimer
R-PG05 and other impurities are also present. The chromatogram of the
crude synthesis product shows that the retention time of S-PG05 is larger
than that of R-PG05, and that of some of the impurities are eluted before
R-PG05 (less retained impurities) and that of other impurities are eluted
after S-PG05 (more retained impurities). Therefore, the presence of these
impurities would seriously disturb the separation and purification of
S-PG05 in the SMB process. So a pretreatment process by batch
chromatography to remove the majority of impurities before SMB step
is necessary.
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A 100mm� 100mm I.D column (short column) linked with a
260mm� 100mm I.D column (long column) was used in this pretreat-
ment process. The column was packed with spherical packing material
C18 in 30–40 mm particle size (The Great Eur-Asia Sci and Tech develop-
ment Co., Ltd. China). The sample concentration was 0.5 g=ml (the sol-
vent was 70% methanol (v=v)) and the quantity injected was 100 g each
time. A solution with 50% methanol (v=v) was used as the mobile phase
to elute from the short column to the long column for 8 hours at a flow
rate of 75ml=min. Then the mobile phase was replaced by a solution with
70% methanol (v=v). When more retained impurities were eluted from the
outlet of the short column to the inlet of the long column, the short col-
umn was removed and cleaned by pure methanol while the long column
still was eluted with a solution with 70% methanol (v=v) until all S-PG05
were desorbed. The process was operated at a flow rate of 75ml=min. The
fractions which contain more S-PG05 (about 40%) were collected and
dried via the rotary evaporators. The product of pretreatment was subse-
quently purified using SMB.

SMB Experiments

SMB System

The three-zone SMB used in this test is designed and set up by our
laboratory. It consists of eight dynamic axial compression columns
(120mm� 50mm I.D) which packed with the C18 packing material
(The Great Eur-Asia Sci and Tech Development Co., Ltd., China). And
two constant-flow pumps (Beijing Xingda Technology Co., China) are
used to inject feed and desorbent. The flow rates in the two outlets (ext-
ract and raffinate) are controlled by two flow controllers (Yuyao Kingtai
Instrument Co., China). A solenoid valve (END-Armaturen GmbH &
Co. KG, Germany) is attached at the inlet and at the outlet of each
column and at the joint points of columns; a check valve is connected
after each solenoid valve. The schematic diagram of this SMB set-up is
shown in Fig. 2.

Selection of Column Configuration and Measurement of Internal
Concentration Profiles

After the SMB operation conditions were selected, the SMB experiments
were employed with different column configuration (1=4=3(run1) and
1=3=4(run2)). A configuration of 1=4=3 in a 8-column system represents
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a system which zone I always contains one column, zone II always
contains four columns, and zone III always contains three columns.
When the SMB system reached steady state, the internal concentration
profiles were measured. The internal concentration profiles were deter-
mined by off-line analysis. And the samples were taken from the outlet
of each column at the end of the switch period.

A Non-Synchronous Shift with a ‘‘Partial Extract
Withdrawal’’ Strategy

When the SMB with optimum column configuration (1=3=4) reached
steady state, a non-synchronous shift with a ‘‘partial extract withdrawal’’
strategy was employed. A non-synchronous shift with a ‘‘partial extract
withdrawal’’ process is shown in Fig. 3. As can be seen from Fig. 3,
the initial column configuration is characterized by one column in zone

Figure 3. The non-synchronous shift with a ‘‘partial extract withdrawal’’ operation.

Figure 2. Schematic diagram of a three-zone SMB.
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I, three columns in zone II, and four columns in zone III during the first
half period (from 0 to 1=2tS). At 1=2tS, the desorbent, feed, and raffinate
lines shift simultaneously, whereas the extract line does not shift and the
extract withdrawal port is closed. The column configuration becomes
0:4:4 and the desorbent flow rate changed from 50ml=min to 30ml=min.
At the end of the period, the extract line is shifted and the extract with-
drawal port is opened again; the other lines do not shift, so the column
configuration resumes 1:3:4. This time pattern is repeated the same in
the next period. The average number of columns for three zones is
0.5:3.5:4, respectively (in Table 1). During the whole process, the flow
rate of feed and the raffinate are 0.5ml=min and 30.5ml=min.

FITTING OF THE ISOTHERM PARAMETERS AND SELECTION

OF THE OPERATION CONDITIONS OF SMB

Fitting of the Isotherm Parameters

The competitive isotherms were determined with the inverse method
(20,21).

The competitive Langmuir isotherm for each component is
defined as:

qi ¼
qSbici

1þ bAcA þ bBcB
¼ Gici

1þ bAcA þ bBcB
i ¼ A;B

where qS and b are the saturation concentration in the stationary phase
and the adsorption equilibrium constant, respectively. G is the adsorp-
tion coefficient. Subscript A denotes the main retained component,
S-PG05; subscript B denotes the less retained component, R-PG05.

Table 1. The number of columns in each zone of the non-
synchronous shift with a ‘‘partial extract withdrawal’’ operation

Number of columns

Fraction of
the period

Duration
(min) I II III

0�1=2tS 17.5 1 3 4
1=2tS�tS 17.5 0 4 4
Average number
of columns

0.5 3.5 4
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For convenience, the determination of the isotherm was made on the
semi-preparative column (150mm� 10mm I.D) packed with the same
material in the SMB columns. The porosity of this column has the same
value (0.64) as the average porosity of the columns in the SMB (in
Table 2). The void times of each column listed in Table 2 were measured
at a flow rate of 20ml=min.

A low concentration (0.0025 g=ml) injection of the epimers was used
to determine the parameters of the Langmuir isotherm GA and GB. A
higher concentration (0.05 g=ml) injection of the epimers was used to
obtain the band profile. Through the fitting between the experimental
profile and a series of numerical profiles based on the inverse method
(see Fig. 4), the values of bi (parameters of isotherm of epimer mixture)
were determined and are listed in Table 3.

Determination of the Complete Separation Region

According to the ‘‘triangle method’’ (22,23), the complete separation region
in the (m2,m3) plane was obtained by inserting the isotherm parameters and
cA¼ 0.03 g=ml, cB¼ 0.02 g=ml into the correlative equations (22). The
separation region is given by the triangle ‘‘bwr’’ which is depicted in Fig. 5.

Selection of the Operation Conditions of SMB

From the triangle in Fig. 5 and the Van-Deemter curve, the point A (see
Fig. 5) was chosen as the operation point at which the flow rate of
desorbent and the extract are 50ml=min and 20ml=min (corresponding
to the flow rate of 1.61 cm=min in Fig. 6). And the flow rate of the feed
is 0.5ml=min and the switch time is 35min.

Table 2. Parameters of each column in SMB

Serial number tm=min e

1 7.55 0.64
2 7.40 0.63
3 7.60 0.65
4 7.50 0.64
5 7.50 0.64
6 7.42 0.63
7 7.45 0.63
8 7.67 0.65
Average values 7.51 0.64
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RESULTS AND DISCUSSION

Pretreatment Process

In the pretreatment process, the majority of the impurities and a part of
R-PG05 were removed. The purity of the target component S-PG05 was
raised from 15% to 40%. The chromatograms of the chemosynthesis pro-
duct and the product of pretreatment process are compared in Figs. 7a, 7b.

SMB Process

The Effect of Column Configuration on Separation

The operation conditions (point A in Fig. 5) and the separation results of
the experimental runs at the end of the period are shown in Table 4. The
internal concentration profile for run2 is shown in Fig. 8.

Table 3. Isotherm parameters

G b=(ml=g)

S-PG05 (component A) 12.20 0.89
R-PG05 (component B) 10.42 0.76

Figure 4. Comparison of the numerical result and experiment result. Dotted line
is experiment result, symbol is numerical result.
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The results in Table 4 show that the separation result in run2 is better
than that in run1. It is due to the number of columns in zone II is more
one in run1 than that in run2. The flowing distance of S-PG05 before it is
extracted from the outlet is more in run1 than that in run2. In run1, the

Figure 6. Van-Deemter curve measured in 1st column.

Figure 5. (m2-m3) plane.
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concentration of a more retained component (S-PG05) and a less retained
component (R-PG05) are high at the end of zone III and the recovery of
S-PG05 reduced. In run2, the internal concentration profile for run2 is
normal and the S-PG05 was separated well from the mixture which purity
was 92%.

Figure 7. Chromatograms of (a) the chemosynthesis product, (b) the product
after pretreatment (i.e., feed of SMB).
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A Non-Synchronous Shift with a ‘‘Partial Extract Withdrawal’’ Strategy

In order to improve the purity of S-PG05, a non-synchronous shift strat-
egy was employed, so the number of columns in zone II was increased by
using 3.5 columns; on the other hand, through this switch, the more
retained impurities were ‘‘moved’’ from zone I to zone III and were eluted
from the raffinate outlet. The purity of S-PG05 collected at the extract
outlet increased from 92% to 94%.

Here, the ‘‘partial extract withdrawal’’ process was also employed,
during half of the switching interval the extract withdrawal port was
closed and the desorbent flow rate decreased from 50ml=min to
30ml=min. So the desorbent was reduced by 21.2%. If the number of
columns in zone I is zero in the non-synchronous shift process, the
desorbent can save by the partial extract withdrawal operation.

This process can save the desorbent and increase the purity compar-
ing to common SMB. This process is similar to Varicol but not the same
as the Varicol process. For the standard Varicol operation, the flow rates
are kept constant in all processes. The operation conditions of the stan-
dard Varicol process are not the same as the SMB that included the same
columns and it needs to be optimized again. But the flow rates of zone II
and zone III are the same as the SMB operation in this work. So the opti-
mization of the operation conditions is easy, the operation conditions of
the SMB included the same columns can be used directly.

Figure 8. Internal concentration profile in run2 at the end of the switch period.
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CONCLUSION

The results show that it is feasible to separate and purify the epimer
S-PG05 from a chemosynthesis product by 3-zone simulated moving
bed running under a non-synchronous shift with a ‘‘partial extract
withdrawal’’ mode, consisting of a pre-treatment step of batch
chromatography.

The non-synchronous shift with a ‘‘partial extract withdrawal’’
operation helps to save the desorbent and improve the purity of the target
component S-PG05, especially, compared to a three-zone SMB since the
consumption of the desorbent is larger.

ACKNOWLEDGEMENTS

This work has been supported in part by the Innovation Fund for Small
Technology-Based Firms of the Ministry of Science and Technology of
the People’s Republic of China (03C26212100852) and the Fund for
Transformation of Patent Technology by the Office of Science and
Technology of the Liaoning Province of China and Innovation research
team foundation of Liaoning educational committee. We thank Yushan
Gu, Huanming Liu, Zhenggang Qu, Qiang Guan, Yuling Cui, Yu Zhao
for the help and Hong Gao, Jingxiang Cong, and Xiuhong Wu for
good advice.

NOTATION

qi concentration of component i in the stationary phase (g=ml)
ci concentration of component i in the mobile phase (g=ml)
qS saturation concentration in stationary phase (g=ml)
b adsorption equilibrium constant (ml=g)
G adsorption coefficient
mj mass flow-rate ratio in zone j
H height equivalent to a theoretical plate (cm)
cA initial concentration of S-PG05 (g=ml)
cB initial concentration of R-PG05 (g=ml)
u linear velocity (cm=min)
tm dead time (min)
tR retention time of the component (min)
tS switch time (min)
e total porosity
S-PG05 (15S)-15-methyl-prostaglandin F2a methyl ester
R-PG05 (15R)-15-methyl-prostaglandin F2a methyl ester
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D desorbent
E extract
F feed
R raffinate

Subscript

A more retained component of the feed
B less retained component of the feed
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