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Introduction
Cleaning validation is a GMP requirement [1-2] in the pharmaceutical
manufacturing of drug substances and drug products. Cleaning
verification (CV) must be performed to demonstrate the “cleanliness”
of the production equipment [3-4] at the completion of each
manufacturing step by visual inspection and the analysis of cleaning
swabs or rinse solutions to confirm that the active pharmaceutical
ingredient (API) has been adequately removed to pre-established
acceptance limits [4-5]. Cleaning validation is a multifunctional
program in late-stage drug development and commercial production
and requires a thorough understanding of equipment design, contact
surfaces, product solubility, and other associated properties in order to
establish practical cleaning protocols, acceptance limits, and analytical
procedures [4, 6]. The analytical procedures typically used have been
reviewed by Pack [4]. They can be non-specific (e.g., gravimetric (residual
on evaporation or ROE)) or total organic carbon (TOC)) or productspecific techniques such as ultraviolet spectrometry (UV), ion mobility
spectrometry (IMS), or high-performance liquid chromatography (HPLC)
using UV, evaporative light scattering (ELSD), charged aerosol detection
(CAD), mass spectrometry (MS), or other detectors [4, 6-8].
In this paper, we describe the development and qualification of a
10-min generic HPLC/UV platform method for cleaning verification
of diversified API rinse solutions at concentration of 0.2 to 10 μg/
mL. Sample preparation is a simple dilution with water to allow an
injection volume of 20 μL. For highly potent compounds requiring a
lower limit of quantitation (LOQ), we demonstrate several approaches
to enhance sensitivity to low ng/mL by large volume injections, sample
concentrations, and the use of newly developed long-path UV flowcells.
Using UHPLC equipment with low dwell volumes, similar performance
to the 10-min generic method can be achieved in 1.5-min by sub-2μm or sub-3-μm core-shell columns [9, 10]. Finally, we illustrate the
application of chromatographic principles in selecting columns and

1 |

Dong_UHPLC.indd 1

| September/October 2012

9/10/12 4:16 PM

«
operating parameters to allow rapid development of a practical method
with requisite performance (sensitivity, peak capacity (Pc) and analysis
time (t)) for intended use [10, 11]. This generic platform technology
is readily adaptable to analysis of swabbing/rinse solutions of many
pharmaceuticals. Potential benefits of having a single generic method
include quicker implementation, reduced validation efforts, and
operation under open-access environment with less-experienced staff.

Experimental
HPLC systems with pressure limits of 400 bar (6,000 psi) equipped with
either binary or quaternary pumps, autosamplers, column ovens and
photo diode array (PDA) detectors with 10-mm flowcells were used.
An ultra-high pressure LC (UHPLC) system with a pressure limit of 1200
bar (18,000 psi) with a binary pump, an autosampler, a column oven
and a PDA detector with a standard 10-mm or an extended pathlength
60-mm flowcell was also used. The dwell volume of the UHPLC system
was measured to be 240 μL (with a 100-μL mixer) vs. ~1000 μL for
the standard HPLC systems. The mass spectrometer used was either
a single quadrupole MS (SQ-MS) using single ion monitoring (SIM)
with electrospray ionization (ESI) or a triple quadrupole MS (TQ-MS)
using multiple reaction monitoring (MRM) with ESI. Mobile phase
A (MPA) was 20 mM ammonium acetate at pH 3.7 in water for the
initial method or 0.05% trifluoroacetic acid (TFA) in water for the final
standard methods. Mobile phase B (MPB) was 0.05% formic acid (FA)
in acetonitrile (ACN) for the initial method or 0.05% TFA in ACN for the
final methods. The columns used were a C18 (50 mm x 3.0 mm id, 3.5
μm) for the initial and standard methods, a C18 (50 mm x 2.1 mm id,
1.7 μm) for the UHPLC method and a C18 (30 mm x 2.1 mm id, 2.7 μm
core-shell) for the Fast LC method [9].
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Initial Method Development
Strategies and Rationales
We initiated our cleaning verification method development to support
a pending internal 10-kg API synthesis campaign in our process lab.
We estimated an initial acceptance limit of 0.5 to 1 μg/mL in the rinse
solution for this compound based on “the 10 ppm method” [4]. The
calculation assumes a worst-case scenario of a next-batch size of 1
kg which yields a total acceptable residue value of 10 mg in the 1-kg
batch in a 100-L vessel. Using total volume of rinse solvent of 1/10
of the vessel size, a rinse solution level of 10 mg in 10 L or 1 μg/mL is
obtained (or a 0.5 μg/mL level allowing for a 1:1 dilution ). Methanol
(MeOH) was chosen to be the rinse solvent due to its high solubility for
this compound (coded GNE A).
The initial starting point for method development stemmed from
the existing stability-indicating assay/impurity method which uses
a 150 mm x 4.6 mm, 3 μm C18 column with a 20 mM ammonium
acetate/acetonitrile solvent program. This multi-segment assay
gradient method separates all impurities and degradants and
has a run time of 42 min and a limit of quantitation (LOQ) of 2.5
μg/mL. To improve sensitivity and analysis time, we adopted the
same mobile phases with a shorter and narrower column (50 mm
x 3.0 mm, 3.5 μm). The gradient method was selected over the
more traditional isocratic methods for cleaning verification (CV)
applications for several reasons: 1. A single generic CV method
amendable to multiple APIs is desired. 2. Gradient methods have
better sensitivity (sharper peaks and higher injection volumes) [10].
3. Gradient methods have higher Pc than isocratic methods [10,
11]. We maintained the same flow rate of 1 mL/min and detection
wavelength of 280 nm (λmax of GNE A). We selected a gradient range
of 5% to 70% MPB, based on one of our generic in-process control

Table 1. Summary of HPLC Method Conditions and Performance
Initial HPLC method for UV and
MS detection

Standard HPLC
method (qualified)*

UHPLC method with sub- Fast LC method with sub2-μm column
3-μm core-shell column **

Column

C18, 3.5 μm, 50 mm x3 mm

C18, 3.5 μm, 50 mm x3 mm

C18, 1.7 μm, 50 mm x2,1 mm

C18, 2.7 μm, 30 mm x2.1 mm

MPA
MPB

20 mM amm. Acet. pH 3.7 in water 0.05%
FA in ACN

0.05% TFA in water
0.05 % TFA in ACN

0.05% TFA in water
0.05% TFA in ACN

0.05% TFA in water
0.05% TFA in ACN

Injection volume

20 μL (50 and 100 μL)

20 μL

10 and 20 μL

20 μL

Flow, Temp Pressure

1.0 mL/min, 30°C, 180 bar

1.0 mL/min, 30°C, 180 bar

1.5 mL/min, 50°C, 750 bar

1.5 mL/min, 50°C, 300 bar

Solvent program

5% to 70% B in 6 min
70% to 5% B in 0.1 min

10% to 60% B in 7 min
60% to 10% B in 0.1 min

5% to 70% B in 1 min
70% to 5% B in 0.1 min

5% to 70% B in 1 min
70% to 5% B in 0.1 min

Detection

UV@280nm (10 Hz)
SQ-MS (ESI, SIM)
TQ-MS (ESI-MRM)

UV@265nm (10 Hz)

UV@265nm (40 Hz)

UV@265nm (40 Hz)

Run time (sample cycle time)

6 min
(10 min)

7 min
(10 min)

1.5 min
(2.5 min)

1.5 min
(2.5 min)

LOQ

0.03 μg/mL (UV)
0.003 μg/mL (SQ-MS)
0.02 ng/mL (TQ-MS)

0.03 μg/mL

0.02 μg/mL

0.02 μg/mL

Estimated Column eﬃciency, (N),
void volume (Vm), peak capacity
(Pc), comments

N = 7000, Vm = 0.21 mL,
Pc =70

N = 7000, Vm = 0.21 mL, Pc =85
compatible to both HPLC and
UHPLC equipment

N = 8,000, Vm = 0.10 mL, Pc =50
compatible to UHPLC equipment
only

N = 5,000, Vm = 0.06 mL, Pc =55 compatible
to UHPLC and to conventional HPLC with
longer t and wider peaks.

*This method is our standard method qualified for GMP use.
**This Fast LC method is recommended for situations requiring faster turnarounds.
LOQs and Pc were measured values based on S/N and peak width of peak from GNE A.
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(IPC) method from our process chemistry lab which was applicable
to many new chemical entities (NCEs) [12].
The choice of a smaller diameter column at 3.0 mm id vs. a more
conventional id of 4.6 mm (2.2X reduction of column void volume
(Vm), allows the attainment of high mass sensitivity or lower
injection volumes by the same factor [10]. The use of 1 mL/min
(equivalent to a flow of 2.2 mL/min on the 4.6-mm id column)
results in higher Pc for better method specificities [10, 11]. The
method development process is a balancing act of numerous
operating parameters selected in this case to maximize detection
sensitivity while maintaining reasonable Pc and analysis time (t)
which is typically controlled by gradient time (tG).
Table 1 (column one) lists the initial HPLC conditions and pertinent
performance parameters. Utilizing HPLC fundamentals plus a
few hours of laboratory time, we were able to achieve an LOQ of
<0.1 μg/mL with an injection volume of 20 μL and a run time 6
min. Figure 1 (left side), shows chromatograms of the blank and
methanol solutions of GNE A at concentrations of 0.1, 1.0 and 10
μg/mL. Considerable peak fronting was observed from the direct
injections of strong solvent (20 μL of MeOH). By diluting of the
MeOH solutions 1:1 with MPA, excellent peak shapes and improved
detection sensitivity were observed in Figure 1 (right-side
chromatograms). The MS-compatible mobile phases allowed us to
use the same method for MS detection. As expected, considerable
lower LOQs of 3 ng/mL (SQ-MS, SIM) and 0.02 ng/mL (TQ-MS,
MRM) respectively were obtained. Nevertheless, UV detection is
preferred for CV analyses due to its wide availability in the QC labs,
ease of use, robustness, and adequate sensitivity/specificity for this
application.

Approaches to Lower Limits of
Quantitation (LOQs) for Highly
Potent Compounds
Next, we explored several approaches to enhance sensitivity for
highly potent compounds. First, larger volumes of the diluted

solutions were injected (20, 50 and 100 μL) yielding the expected
increases of peak heights and signal/noise (S/N) ratio. Second, a
20-mL aliquot of the sample was evaporated to dryness and reconstituted with 2-mL of aliquot of 20% MeOH in MPA to enrich
API concentration by tenfold. Thirdly, we replaced the standard
10-mm UV flowcell with an extended pathlength 60-mm flowcell.
Note that these extended-path UV flowcells utilizing the principle
of total internal reflectance can increase sensitivity significantly
with some band-broadening and are available from many UHPLC
manufacturers. Reported values for the standard deviation of
dispersion (σv) the two flowcells are 1.0 and 4 μL respectively.
Results of these approaches are summarized in Table 2 showing the
generally expected increase of S/N ratio. These approaches can be
used singly or in combination to increase sensitivity by 5 to 250
fold to support CV applications of highly potent compounds using
the standard HPLC/UV method. Note that sample concentration
(to dryness) is required if a chromophoric rinse solution such
as acetone is used. In all cases, the signals from the API and any
interfering compounds in the rinse samples are equally increased
by all of these approaches. Therefore, they would not work if
interfering peaks in the sample (e.g., interferences of impurities
from the vessels, swabs or rinse solvents) were the limiting factors.

Method Revisions to
Accommodate Multiple
APIs and Method Qualification
We further fine-tuned method conditions into a more general
platform methodology for multiple APIs. To support two additional
upcoming campaigns in the process labs (GNE B and C), we prepared
a set of API solutions for all three NCEs at concentrations of 0.1 to
5 μg/mL in a 50% MeOH/water diluent. This diluent represents
a reasonable compromise of solubilizing power for diversified
compounds and chromatographic solvent strength to minimize
peak shape problems during analysis. We kept the same column
but made changes to the mobile phases and gradient conditions
shown in Table 1 (column 2). A simpler MPA of 0.05% TFA was used

Table 2. Estimated S/N ratio of API Peak vs. Injection Volume using Standard Conditions and Different Sensitivity Enhancement Approaches
Conc. Of GNE A
0.05 μg/mL

0.5 μg/mL

5 μg/mL

Sensitivity enhancement
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Standard conditions

With 10X sample conc.

With a long-path flowcell

SQ-MS-SIM

Inj. Vol.

S/N

Inj. Vol.

S/N

Inj. Vol.

S/N

Inj. Vol.

S/N

20 μL

20-27

20 μL

314

20 μL

133

20 μL

3087

50 μL

57

50 μL

780

50 μL

178

50 μL

6527

100 μL

69

100 μL

1238

100 μL

439

100 μL

13000

20 μL

263

20 μL

3300-3500

20 μL

565

20 μL

37000

50 μL

578

50 μL

5510

50 μL

2855

50 μL

48000

100 μL

880

100 μL

24000

100 μL

4310

100 μL

64000

20 μL

2760

20 μL

41000

20 μL

14000

20 μL

160000

50 μL

6850

50 μL

100000

50 μL

17000

50 μL

250000

100 μL

8079

100 μL

96000

100 μL

34000

100 μL

520000

~2.5 to 5X

~10X

~5-6X

~50 to 100X with higher selectivity
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Figure 1. Comparative HPLC chromatograms of diluent, and solutions of GNE A at concentrations of 0.1, 1 and 10 μg/mL in MeOH (left side)
and similar solutions of GNE A at concentrations of 0.05 0.5 and 5 μg/mL in 50% MeOH in MPA diluent (right-side). HPLC conditions are shown
in Table 1, column 1. Detection is by UV at 280 nm.

Figure 2. Stacked HPLC chromatograms of solutions of diluent, and solution containing Genentech development candidates coded as GNE A,
B and C at nominal concentrations of 0.1, 0.2, 0.5 and 1 μg/mL in a diluent of 50% MeOH in water. HPLC conditions adapted for multiple APIs
are shown in Table 1, column 2. This standard method has been qualified for GMP cleaning verification use for GNE A, B and C. Detection is by
UV at 265 nm.
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which offers slightly higher retention for basic compounds (due to
ion-paring effect) [10]. The UV detection wavelength was set to
265 nm, a compromise wavelength selected to yield roughly equal
sensitivities for the three compounds (GNE A , B and C) with λmax of
280, 300 and 250 nm respectively. Figure 2 shows chromatograms
of the blank and standard solutions at nominal concentrations of
0.1, 0.2, 0.5 and 1.0 μg/mL. Method qualification data to confirm
the suitability of the method for intended use are summarized in
Table 3.
Figure 3 shows overlaid chromatograms of seven additional NCEs
in our clinical developmental portfolio at 0.1 μg/mL using the
standard method. Note that different monitoring wavelengths
were used for these diversified molecules. Nevertheless, the
generic methodology appears to work well for all ten NCEs with
adequate sensitivity. Peak shape issues (fronting) were observed
with two early eluting compounds (GNE H and I) which may be
remedied by using smaller injection volumes or weaker diluents.

Adaptation to Faster Analysis
Using sub-2 μm and sub-3-μm
Core-Shell Columns
Finally, we explored the use of modern HPLC columns under highthroughput screening (HTS) conditions to reduce the analysis time
to ~1.5 min [10]. The HPLC conditions and performance parameters
are shown in Table 1 (columns 3 and 4). The sub-2-μm column has
a pressure drop of 750 bar or 11,000 psi at 1.5 mL/min and requires
the use of UHPLC systems, while the shorter 30-mm long, 2.7-μm core
shell column has similar performance operating at 310 bar or 4,500
psi (chromatograms shown in Figure 4). This Fast LC method using
core-shell columns is recommended for CV applications requiring
rapid turnarounds since the Pc is comparable to the UHPLC method. It
operates at much lower back pressures and is therefore compatible to

Table 3. Method Qualification Data Summary for 3 Separate APIs.
Compound

Range, µg/mL
Standard Solution

Range, µg/mL
Sample Solution*

Linearity R2

Accuracy by Recovery

Repeatability

Precision

Limit of quantitation
µg/mL (LOQ)

GNE A

0.1 – 5.0

0.2 – 10.0

0.9998

99.4%

1.4%

0.56%

0.03

GNE B

0.1 – 5.0

0.2 – 10.0

1.0000

101.2%

1.1%

0.63%

0.04

GNE C

0.1 – 5.0

0.2 – 10.0

1.0000

100.0%

2.0%

0.48%

0.05

*Assuming MeOH is the rinse solvent and a 1:1 dilution with water is used.
Accuracy and precision studies were based on solution concentrations at 0.5 μg/mL.

Figure 3. Stacked HPLC chromatograms of ten new chemical entities (NCEs) (GNE A – J) demonstrating that the standard HPLC method is
useful for diversified NCEs. Note that peak shape issues were observed for early eluting APIs for GNE H and I. HPLC conditions used are same
as those used for Figure 2 (shown in Table 1, column 2). Detection is by UV at 265 nm.
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Figure 4. Comparative chromatograms showing 1.5-min analyses of 3 NCEs (GNE A, B and C) at nominal concentration of 0.1 μg/mL using a
sub-2-μm column (top) and a sub-3-μm core-shell column (bottom chromatogram). HPLC conditions are shown in Table 1, column 3 and 4
respectively. Detection is by UV at 265 nm.

conventional HPLC systems from the pressure limit standpoint, though
analysis times (t) and peak widths would be higher due to higher dwell
volumes and system dispersions [10].

Results and Discussions
The HPLC method development process is complex due to the large
number of controlling factors (column, mobile phase, operating,
instrumental) affecting retention, resolution, selectivity, sensitivity,
speed, peak shape, and other method performance parameters [10-11].
This case study illustrates the application of modern chromatographic

principles in the rapid development of a single generic CV method
for sensitive quantitation of multiple drug candidates. The key
performance parameters are sensitivity, accuracy, and adaptability to
multiple APIs. Here, we selected a C18 column with a conventional
acidic mobile phase with a broad acetonitrile gradient [10]. The
standard method uses a short, mini-bore column (50 mm x 3.0mm,
3.5 μm) at 1 mL/min to achieve a run time of 7 min with an injection
volume of 20 μL in a 1:1 MeOH/water diluent. Up to 100 μL of injection
volume appears to be well accommodated for most NCEs and can
be used with approaches such as sample enrichment or the use of a
long-path flow cell to extend LOQs to low ng/mL levels. Other more
universal detection approaches such as low-UV detection (e.g., 200 nm
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with 0.05% phosphoric acid in water /ACN) or CAD detection for nonchromophoric compounds can also be considered [4].
Two faster methods using either 50 mm x 2.1 mm, 1.7 μm or 30 mm
x 2.1 mm, 2.7 μm core-shell column at 1.5 mL/min @ 50°C with a
run time (t) of 1.5 min were developed. These use high-throughput
screening (HTS) conditions with ballistic 1-min gradients (tG = 1 min).
The smaller columns and faster tG yield higher peak signals but also
have pronounced baseline shifts and noise. Also, the smaller columns
can accommodate lower injection volumes particularly when used
with UHPLC systems with typical sample loop of 20 μL.

Summary and Conclusions
This paper describes the development of a single 10-min gradient HPLC/
UV method for cleaning verification (CV) applications at levels of 0.2 to
10 μg/mL levels for many APIs. Additional sensitivity enhancements
can be accomplished by large volume injections, sample enrichments
and the use of long-path flowcells. Faster 1.5-min analyses can be
performed with modern columns. We believe that a general adoption
of generic platform technologies can greatly enhance analytical
laboratory productivity by simplifying lab operation and reducing
method development and validation efforts. This standard method is
readily adaptable to swabbing or rinse solutions and possibly other
applications such as IPC testing or non-stability-indicating potency
assays of many pharmaceuticals.
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