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ABSTRACT

Introduction: Cleaning validation is an integral part of current good manufacturing practices in
pharmaceutical industry. The main purpose of cleaning validation is to prove the effectiveness and
consistency of cleaning in a given pharmaceutical production equipment to prevent cross
contamination and adulteration of drug product with other active ingredient.
Objective: A rapid, sensitive and specific reverse phase HPLC method was developed and validated
for the quantitative determination of irinotecan hydrochloride in cleaning validation swab samples.
Method: The method was validated using waters symmetry shield RP-18 (250mm x 4.6mm) 5 µm
column with isocratic mobile phase containing a mixture of 0.02 M potassium di-hydrogen ortho-
phosphate, pH adjusted to 3.5 with ortho-phosphoric acid, methanol and acetonitrile (60:20:20
v/v/v). The flow rate of mobile phase was 1.0 mL/min with column temperature of 25°C and
detection wavelength at 220nm. The sample injection volume was 100 µl.
Results: The calibration curve was linear over a concentration range from 0.024 to 0.143 µg/mL with
a correlation coefficient of 0.997. The intra-day and inter-day precision expressed as relative
standard deviation were below 3.2%. The recoveries obtained from stainless steel, PCGI, epoxy,
glass and decron cloth surfaces were more than 85% and there was no interference from the cotton

swab. The detection limit (DL) and quantitation limit (QL) were 0.008 and 0.023 µg ml-1, respectively.
Conclusion: The developed method was validated with respect to specificity, linearity, limit of
detection and quantification, accuracy, precision and solution stability. The overall procedure can be
used as part of a cleaning validation program in pharmaceutical manufacture of irinotecan
hydrochloride.
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INTRODUCTION

Pharmaceutical manufacturing equipment and area has to be cleaned after production in order to
avoid cross contamination in the next batch of a different product. The effectiveness of the cleaning
process has to be confirmed by cleaning validation, which involves sampling and testing for

acceptable residue on the pharmaceutical manufacturing equipment and production área.1

According to FDA guideline, there are two general types of sampling that have been found
acceptable: The most desirable direct sampling from the surface of the equipment by using swab and

the use of rinse solution.2 Challeneges for cleaning validation are encountered especially when
developing an adequate sampling procedure and sensitive analytical methods capable of detecting
traces of active pharmaceutical ingredients, which are likely to remain on the surface of the
pharmaceutical equipment after cleaning. HPLC coupled with UV detection is widely used to monitor
the efficiency of the cleaning methods due to its high sevsititive, selective and automation
characterstics.

The aim of this study was to validate simple RP-HPLC method for the quantitative determination of
irinotecan hydrochloride residues in production area equipments and to confirm the efficiency of
cleaning procedure.

Irinotecan hydrochloride [(S)-4,11-diethyl-3,4,12,14-tetrahydro-4-hydroxy-3,14 -
dioxo1Hpyrano[3',4':6,7]-indolizino[1,2-b]quinolin-9-yl-[1,4'bipiperidine]-1'-carboxylate,
monohydrochloride, trihydrate] (Fig. 1), a semisynthetic water-soluble derivative of camptothecin, an

alkaloid isolated from Camptotheca acuminate,3 has unique antitumor activity, preventing DNA

synthesis by inhibiting topoisomerase I.4

Some LC methods have been published for determination of irinotecan in pharmaceutical preparation
5,6,7 and human plasma.8,9 Reported LC methods are not enough sensitive to quantitate trace level
residues of irinotecan hydrochloride. A literature survey revealed that no validated cleaning method
for irinotecan hydrochloride is to be found. Hence, we have developed a RP-HPLC method for the
estimation of trace level residue of irinotecan hydrochloride on swab and rinse solution collected from
manufacturing surfaces and production area after cleaning of the equipments. The developed
analytical method was validated with respect to specificity, linearity, precision, accuracy, limit of
detection (LOD) and quantification (LOQ). These studies were performed in accordance with
established ICH guidelines.

 

METHODS

http://bvs.sld.cu/revistas/far/vol47_1_13/far05113.htm#f1
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Chemicals and reagents

The certified irinotecan hydrochloride trihydrate, working standard was supplied by Dr. Reddy's
laboratories limited, Hyderabad, India. The HPLC grade acetonitrile and methanol, analytical grade
KH2PO4 and ortho-phosphoric acid were purchased from Merck, Mumbai, India. Swabs for sampling

were purchased from ITW Texwipe (Philippines).

Equipment

The chromatography analysis was performed using Waters Alliance 2695 separation module (Waters
Corporation, Milford, USA) equipped with 2489 UV/visible detector, degasser, quaternary pump and
auto sampler system. The output signals were monitored and processed using Empower 2 software.
The pH of the solutions was measured by a pH meter (Mettler-Toledo, Switzerland).

Chromatographic Conditions

The method was developed using Waters Symmetry Shield RP-18 (250 mm x 4.6 mm), 5µm particle
size column with isocratic mobile phase containing a mixture of 0.02 M potassium di-hydrogen ortho-
phosphate, pH adjusted to 3.5 with ortho-phosphoric acid, methanol and acetonitrile (60:20:20
v/v/v). The flow rate of the mobile phase was set at 1.0 mL/min. The column temperature was
maintained at 25° C and the eluted compound was monitored at the wavelength of 220 nm. The
sample injection volume was 100 µl.

Standard solution preparation

Diluent was prepared by mixing milli-Q water and methanol in the ratio of 20:80 v/v, respectively. An
appropriate amount of irinotecan hydrochloride trihydrate was dissolved in diluent to get a stock
solution containing 1 mg/mL drug. The final concentration of solution was 0.048 µg/mL of irinotecan
hydrochloride trihydrate.

Sample preparation

The selected surfaces (25 cm x 25 cm) of stainless steel, glass, PGCI, epoxy and decron cloth,
previously cleaned and dried, were sprayed with 1000 µL of standard solution, for the positive swab
control at all concentration level and the solvent was allowed to evaporate. Except decron cloth, all
surfaces were wiped with wet cotton swab soaked with extraction solution (water-methanol 20:80,
v/v) to remove the residue from the surface. The swabs were placed in the 25 mL screw-cap test
tubes containing 10 mL extraction solution. The tubes were placed in an ultrasonic bath for 15
minutes and the solutions were analysed by HPLC.

Rinse-sampling was performed with extraction solvent for decron cloth. The volume of the rinsing

liquid for sampling point was 10 mL for 625 cm2 surface.

Validation of proposed method

The method validation was performed in accordance with ICH guidelines.14 The following validation
characteristics were addressed: specificity, accuracy, precision, limit of detection and quantification,
linearity, range and solution stability.

Specificity

To prove that the determination of active residue is selective and free from anyy disturbing effects,
reference solution, blank and spiked solution sampled from stainless stell, glass, PCGI, epoxy and
decron cloth surfaces and placebo solution were injected.



09/04/13 A validated RP-HPLC method for the determination of Irinotecan hydrochloride residues for cleaning validation in production area

bvs.sld.cu/revistas/far/vol47_1_13/far05113.htm 4/9

Linearity

Linearity of the method was established by analyzing standard solutions at ten different
concentration levels i.e. 0.024, 0.036, 0.048, 0.060, 0.072, 0.096, 0.108, 0.119, 0.131 and 0.143
µg/mL.

Limits of Detection (LOD) and Quantification (LOQ)

The LOD and LOQ were determined based on signal-to-noise ratio of 3:1 and 10:1, respectively, by
injecting a series of dilute solutions of analyte with known concentrations.

Precision

The precision of the method was evaluated by repeatability and intermediate precision. The
repeatability was determined by analyzing six replicated of extraction-recovery samples and
expressed in terms of % RSD. The intermediate precision of the method was evaluated using different
analyst and different instrument in the same laboratory.

Accuracy

The accuracy of the method was determined in triplicate by spiking all surfaces with known amount
irinotecan hydrochloride. The accuracy of the method was checked at three concentration levels,
i.e. at 50 %, 100 % and 150 % level. Accuracy is expressed as percentage of standard recovered
from sample matrix.

Stability of analytical solutions

The stability of the irinotecan hydrochloride in the swab matrix and standard solution, were tested.
The spiked samples and standard solution were stored at bench top and analyzed against freshly
prepared standard solution at 24 hrs interval.

 

RESULTS

Specificity

The figure 2 shows the results of the specificity of the method. As observed in the chromatograms,
no sources of interference were observed at the retention time of the analyte.

http://bvs.sld.cu/revistas/far/vol47_1_13/far05113.htm#f2
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Linearity

The correlation coefficient was found to be 0.998, demonstrated the excellent relationship between
peak area and the concentration of irinotecn hydrochloride.

Limits of Detection (LOD) and Quantification (LOQ)

The LOD and LOQ for irinotecan hydrochloride were found to be 0.008 and 0.023 µg/mL, respectively.
At LOQ level, RSD of the irinotecan area from six replicate injections of standard solution was found
to be 5.8 %.

Precision

The results of the precision of the method are reported in table 1. In the repeatability and
intermediate precision study coefficient of variation was less than 8.1 % and 8.7 %, respectively.

Accuracy

Table 2 shows the results of the accuracy study of the method. The average recovery was between
84.8 to 95.2 % on all surfaces.

http://bvs.sld.cu/revistas/far/vol47_1_13/t0105113.gif
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Stability of analytical solutions

The variability in the estimation of irinotecan hydrochloride was within + 10 % during solution
stability. The results from solution stability experiments confirmed that sample solution and standard
solutions were stable up to 48 hrs.

 

DISCUSSION

Establishing cleaning limits

The acceptable limit for the drug residue must ensure the absence of cross contamination for
subsequent batches manufactured in affected equipment [10]. FDA's guidance for determining

residue limits requires a logical, practical, achievable and verifiable determination practice.2

The basic principle of cleaning verification/ validation is that the patient should not take more than
0.1 % of the standard therapeutic dose (effective dose). The calculation formula is based on the

dosage criteria.11,12

MAC is the maximum allowable carryover, STD is the minimal daily dose (active weight) of previous
product, SF is a safety factor (10000), SBS is the smallest batch size of the subsequent product and
LWDS is the maximum daily dose (product weight) of the following product.

An additional criterion is the 10 ppm (part per million) limit.13 According to this criterion not more
than 10 ppm of the previously manufactured product is allowed to appear in the subsequent product.
If the value, which is obtained from the calculation based on the dosage criterion, is greater than 10
ppm, then the 10 ppm criterion is applicable. The acceptable limit for residues (LA) is expressed in

µg/dm2.

LA is the acceptance limit, A is the sampling area, R is the recovery of the sampling method and TA
is the total production line area. On the basis of aforementioned discussion the acceptance limit for
the residue of irinotecan hydrochloride is 0.05 ppm.

No sources of interference were observed at the retention time of the irinotecan hydrochloride (Fig.
1), which proved that the method is specific for the quantification of analyte.

http://bvs.sld.cu/revistas/far/vol47_1_13/far05113.htm#f1
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To establish linearity, the peak area versus concentration data was treated by linear regression
analysis. The correlation coefficient was found > 0.997, demonstrated that the method is linear over
the stated range.

The LOD and LOQ for irinotecan hydrochloride were found to be 0.008 and 0.023 µg/mL, respectively.
RSD of the area at precision at LOQ level was found to be 5.8 %. Lower values of LOD and LOQ
demonstrated that the method is enough sensitive to quantify trace level amount of irinotecan
hydrochloride.

The results from precision (table 1) and accuracy (table 2) study confirmed that the method is
adequately precise and accurate for the quantification of irinotecan hydrochloride residue on
production area equipments.

The sample solution and standard solutions were stable up to 48 hrs. During the stability studies no
additional peaks developed and no change in the chromatography of the stored samples and standard
were found.

 

CONCLUSIONS

The proposed method for quantitative determination of irinotecan hydrochloride residue on production
area equipments is efficient and sensitive. Validation studies showed that the HPLC-UV method is
selective, linear, precise, accurate and robust. The recoveries obtained from stainless steel, PCGI,
epoxy, glass and decron cloth surfaces were more than 85 % and there was no interference from the
cotton swab. The overall procedure can be used as part of a cleaning validation program in
pharmaceutical manufacture of irinotecan hydrochloride.
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