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Abstract: High performance liquid chromatography ( HPLC) is widely used in the separation

and analysis of cyclosporine A (CsA). Analyzing the chromatographic behavior of CsA is key to
the purification of CsA by preparative HPLC. In this study, the retention behavior of CsA on the
C18 column using mobile phases of methanol-water and acetonitrile-water was compared. The
retention time of CsA was sensitive to the change in the ratio of the organic solvent. When
84%—-88% methanol or 75%-85% acetonitrile was used, the retention factor (k) was in the
range of 3-7. The change in the peak shape of CsA was investigated with loading amounts of 5,
25, 50, 100, and 500 mg. With an increase in sample loading, the peak shape of CsA in both
mobile phases changed from symmetric to tailing, and the retention time reduced. Therefore, it
is necessary to focus on the removal of impurities that were eluted before CsA during the
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purification. In addition, the peak shapes of CsA in methanol-water and acetonitrile-water were
similar in the tested concentration range. This indicates that it was not possible to tune the peak
shape of CsA by changing the organic solvent. Adsorption isotherms were obtained to describe
the retention behavior of CsA. When the mass concentration of CsA in the mobile phase was
low, the effect of the organic solvent ratio on the adsorption capacity of CsA on the C18 sta-
tionary phase was not distinct. With an increase in the solute mass concentration above 0.5
g/L, the reduced proportion of organic solvent helped improve the adsorption capacity of CsA.
When the mass concentration of CsA in the mobile phase reached 5 g/L, the adsorption capaci-
ties were 24.9 g/L in 88% methanol and 40. 8 g/L in 84% methanol. The adsorption capacity of
CsA in acetonitrile-water was higher than that in methanol-water. When the mass concentration
of CsA was 5 g/L, the adsorption capacity increased to 46. 4 g/L in 75% acetonitrile. Scatchard
analysis showed that the slope of the adsorption isotherm decreased gradually, which was con-
sistent with trend observed in the Langmuir adsorption isotherm for the shape of the Langmuir
peak (i.e. trailing peak). When the mass concentration of CsA in the mobile phase was between
0.01 g/L and 0. 03 g/L, the slope of the curve decreased significantly, and the peak shape of
CsA rapidly tailed with increasing loading amount. However, when using a mobile phase with a
lower proportion of organic solvent (84% methanol or 75% acetonitrile) , this trend was weak-
ened. The adsorption data of CsA were fitted to models. The Langmuir model was found to be
suitable for the methanol-water mobile phase, and the Moreau model for the acetonitrile-water
mobile phase. The model parameters indicated that the monolayer adsorption of CsA occurred
on the C18 stationary phase in both mobile phases, the difference being that more intermolecu-
lar interactions between CsA occurred in the acetonitrile-water mobile phase, resulting in a
higher adsorption capacity. In methanol-water, the intermolecular interactions between CsA
were inhibited by methanol due to its role as a proton donor. As an aprotic solvent, acetonitrile
could only weakly inhibit these interactions; hence, the interactions could be improved by in-
creasing the acetonitrile proportion. As the proportion of acetonitrile changed from 85% to 75%,
the saturated adsorption capacity increased from 123 g/L to 197 g/L, while the interaction con-
stant decreased from 0. 618 to 0. 588. Finally, CsA was purified using the conditions of 0—60 min
65%—-75% acetonitrile, 60—80 min 75% acetonitrile, by which the impurity could be controlled
to below 0. 2%. The results of this study will aid in the purification of CsA by preparative HPLC.
Key words: reversed-phase liquid chromatography ( RPLC) ; preparative high performance lig-
uid chromatography (prep-HPLC) ; cyclosporine A (CsA) ; adsorption isotherm; purification

M4 ZE A(cyclosporine A, CsA) /&1 11 4 FE-K R F, IO TRE IR BER . — T O TRE TR
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Fig. 1 Structure of cyclosporine A
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Fig. 3 Calculated method plots for the determination

of (a) extra-column flow time (¢,) and (b) in-
creased adsorption capacity (Aq)

t,: dead time; ¢,: the time point of the corresponding con-
centration conversion, which is determined by the set gradient
conditions; ¢: the breakthrough time of the sample at the corre-
sponding concentration, which is the corresponding retention
time when the curve rises to half of the height at each concen-
tration.
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Fig. 4 Retention factors (k) of CsA in MeOH-H,0
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C18 column (150 mmx4.6 mm, 10 mm); column tempera-
ture: 55 C; detection wavelength: 203 nm; flow rate: 1.0
mL/min.
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Fig. 5 Change in the peak shape of CsA with increased sample loading in MeOH-H, O and ACN-H, O mobile phases

C18 column (150 mmx4. 6 mm, 10 pm) ; flow rate; 1.0 mL/min; column temperature; 55 C; detection wavelength; 203 nm; injection
volume: 5 pL. Mobile phase: al-a3. MeOH-H,O, 88/12, 86/14, and 84/16 (v/v); bl-b3. ACN-H,O, 85/15, 80/20 and 75/25 (v/V).

Sample mass concentration; 1, 5, 10, 20 and 40 g/L.
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Table 1 Adsorption model parameters for CsA
in MeOH-H,0 and ACN-H,0

Mobile

Volume ratio ¢ * b 1 R?
phase
MeOH-H, O 84/16 104.335  0.127 0.9998
86/14 95.778  0.156 0.9998
88/12 90.936  0.075 0.9999
ACN-H,0 75/25 197.104  0.068 0.588 0.9999
80/20 154.067  0.056 0.603 0.9999
85/15 123.012  0.044 0.618 0.9999

q” . saturation capacity of the monolayer adsorption; b:
adsorption equilibrium constant; I. interaction between the
adsorbates; R?. coefficient of determination.
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Fig. 8 Chromatogram of preparative-scale
separation of CsA

C18 column (150 mmx4. 6 mm, 10 pm) ; mobile phase: 0-
60 min, 65/35-75/25, 60-80 min, 75/25 (ACN-H,0); flow
rate: 0.6 mL/min; column temperature: 55 C; detection
wavelength: 203 nm; sample concentration; 500 g/L; injection
volume: 30 pL.
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