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Abstract

Pharmaceutical impurities arise during manufacturing and storage of both drug substances and drug products. These pharmaceutical impuri-

ties sometimes cause pharmacological and toxicological effects. Therefore, impurities need to be adequately controlled to assure the quality

and safety of pharmaceuticals. As a consequence, identification and safety qualification are essential even for impurities present at small

amounts. HPLC hyphenated techniques have been applied to identify pharmaceutical impurities since this approach enables rapid structural

determination of low—level impurities without time—consuming isolation and purification processes. In this review, the effectiveness and ad-

vantage of complementary use of HPLC hyphenated techniques, LC-MS, LC-IR and LC-NMR, in the structure elucidation of pharmaceuti-

cal impurities are described.
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Table 1. Thresholds for identification of impurities in new drug
substances and new drug products.
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Table 2. Structural analysis of degradation products in heat—stressed loxoprofen sodium adhesive tapes

by LC-MS
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Figure 1. Schematic diagram of a solvent—elimination LC—IR system.
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Figure 2. LC-IR spectra of olmesartan and its dimeric degradation product.
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Figure 3. Comparison of 'H NMR spectra obtained with (A) conventional column (4.6 mm i.d., flow rate 0.8 mL/min) and (B)
semi—micro column (2.0 mm i.d., flow rate 0.2 mL/min). Each 'H NMR spectrum resulted from the accumulation of

256 scans by stopped—flow method with the same injected amount of the sample (2 ug).
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Figure 4. 'H NMR spectra of (A) dimeric degradation product of olmesartan medoxomil obtained with CD:CN as an organic

component of the mobile phase, (B) dimeric degradation product and (C) olmesartan with CD;OD as an organic com-

ponent of the mobile phase. The methyl signal (13) which is overlapped with the residual acetonitrile signal was de-
tected by replacing CD;CN with CD;OD of the LC mobile phase in the LC-NMR measurements.
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Figure 5. Schematic diagram of the column switching system for the on—line sample pre—concentration in LC-NMR analysis. Ap-

proximately 100 ug of two degradation products were separated on the analytical C18 column (4.6 mm i.d. X 150 mm)

and trapped in the trapping column (2.1 mm i.d. X 20 mm). The trapped degradation products were separated again on the

analytical C18 column (2.1 mm i.d. X 150 mm) with the deuterated mobile phase and transferred to the NMR.
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Figure 6. DQF-COSY spectrum of DP—1 (Maillard reaction product of amlodipine with lactose) obtained using the col-

umn switching system for the on—line pre—concentration in LC-NMR analysis. The key signal of the anomeric

proton (HA) obscured by water suppression in the 'H NMR spectrum was observed in this spectrum with pulsed

field gradient solvent suppression.
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Figure 7. HMBC spectrum of DP-2 (Michael addition reaction product of amlodipine with maleic acid) obtained using

the column switching system for the on—line sample pre—concentration in LC-NMR analysis.
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Figure 8. Schematic diagram of the column switching system for the on—line sample pre—concentration after pressurized liquid

extraction in LC-NMR analysis. Three degradation products were extracted from the adhesive tape at a pressure range

of 3.9 to 6.0 MPa for 10 min and trapped in the trapping column (2.1 mm i.d. X 20 mm). The trapped degradation prod-

ucts were separated on the analytical C18 column (4.6 mm i.d. X 150 mm) with the deuterated mobile phase and stored

in separate fraction loops prior to transfer to the NMR.
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Figure 9. 'H NMR spectra of loxoprofen and its degradation products obtained using the column switching system for the on-line
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