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Abstract

Analytical method validation, determining the recovery rate from the equipment surface and the stability of a potential contaminant are
important steps of a cleaning validation process. A rapid, sensitive and reproducible reversed-phase high-performance liquid chromatographic
method was developed for the determination of pyrimethamine (PYR) and sulfadoxine (SUL) in cleaning validation swab samples. The
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ctive compounds can be selectively quantified in a sample matrix containing detergent and swab material as low as 0.12�g/ml. The
wabbing procedure used on stainless steel coupons was validated and the stability of PYR and SUL in the swab samples was a
alculated limit of contamination values for PYR (4.99�g/cm2) and SUL (19.14�g/cm2) were not exceeded during four consecutive equipm
leaning trials. This confirms that the desired level of cleanliness is achieved with the current cleaning procedures, which are co
alidated.
2004 Elsevier B.V. All rights reserved.
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. Introduction

In the pharmaceutical industry it is of critical importance
o establish documented evidence that cleaning procedures
pplied to the manufacturing equipment are able to remove
esidues to predetermined levels of safety. The validation
f cleaning ensures that subsequent product batches are not
ontaminated by previously manufactured products or by the
leaning process itself. Much literature has been published on
leaning validation in the past 10 years[1–5] and official or-
anizations (e.g., Pharmaceutical Inspection Convention and
ood and Drug Administration) have regulated the subject

hrough guidelines[6,7]. Still, there is limited practical guid-
nce available. This article reports an approach for cleaning
alidation exemplified for a potent drug.

∗ Corresponding author. Tel.: +27 12 420 2486; fax: +27 12 362 5302.
E-mail address:zeno.apostolides@bioagric.up.ac.za (Z. Apostolides).

Challenges for cleaning validation are encountered e
cially when developing sensitive analytical methods ca
ble of detecting traces of active pharmaceutical ingred
(APIs), which are likely to remain on the surface of the ph
maceutical equipment after cleaning[8,9]. The fact that som
residuals are not detected by a method could mean that
the method is not sensitive enough for the residual in que
or the sampling procedure is inadequate.

HPLC coupled with UV detection is widely used to mo
tor the efficiency of the cleaning methods due to its high se
tivity, selectivity and automation characteristics. All the co
pounds presenting chromophores (e.g., APIs, impurities
degradation products, placebo components, cleaning ag
whether they are hydrophilic or hydrophobic can be dete
through HPLC-UV.

In non-dedicated manufacturing facilities, where ther
a potential risk for cross-contamination, cleaning valida
forms an integral part of the manufacturing process.
of the products that could cause the cross-contaminatio
731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2004.10.045
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other products manufactured with the same equipment is
the anti-malarial drug Fansidar®. Fansidar tablets (Hoffman-
La Roche, Basle, Switzerland) contain as active ingredients
pyrimethamine (PYR) and sulfadoxine (SUL) in a weight ra-
tio of 1:20. Both compounds present low water solubilities
(PYR < 1 mg/ml and SUL < 0.1 mg/ml at 20◦C). PYR is more
toxic than SUL (acute toxicity values: LD50 = 128 mg/kg oral,
rat for PYR; LD50 = 5200 mg/kg oral, mouse for SUL). Due
to its low water solubility and high toxicity, Fansidar® was
chosen as the worst case among a range of products sharing
several equipment pieces (a granulator, a wet mill, a fluid bed
drier, a vacuum transfer system, a blender, a compression and
a packaging machine).

Pyrimethamine is a dihydrofolate reductase inhibitor,
which is indicated in the treatment and prevention of par-
asitic diseases like malaria caused byPlasmodium falcipar-
ium, congenital toxoplasmosis caused byToxoplasmagondii,
meningeal leukaemia and against coccidiosis[10]. In malaria
chemotherapy, pyrimethamine is combined in synergistic ef-
fect with sulfadoxine, a long-acting sulfonamide used for the
treatment of bacterial infections. Fansidar acts by recipro-
cal potentiation of its two actives, producing a sequential
blockade of two enzymes, namely dihydrofolate reductase
and dihydropteroate synthetase, involved in the biosynthesis
of folic acid within the parasites[11].

The independent determination of SUL through GC[12]
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Fig. 1. Chemical structures of sulfadoxine, pyrimethamine and sodium xy-
lene sulfonate.

2. Materials and methods

2.1. Equipment

The HPLC system was an Alliance Waters 2690 (Mild-
ford, MA, US) equipped with Waters 996 photodiode array
detector and a detection cell of 8�l. Waters Millenium soft-
ware (Version 3.20) was used for data acquisition and pro-
cessing.

2.2. Chemicals and reagents

All chemicals were of analytical grade. HPLC grade
methanol was purchased from Lab-Scan (Dublin, Ireland).
ortho-Phosphoric acid 85% (v/v) was purchased from Merck
(Darmstadt, Germany). Sodium hydroxide (1 M) Fixanal®

(Riedel-de-Ḧaen), and SXS (Aldrich) were purchased from
Sigma–Aldrich (Johannesburg, South Africa). Sulfadox-
ine (N′-(5,6-dimethoxy-4-pyrimidinyl)sulfanilamide) and
pyrimethamine (5-(4-chlorophenyl)-6-ethyl-2,4-pyrimidine-
diamine) certified standards were supplied by Roche Di-
agnostics (Mannheim, Germany). Detergent was purchased
from Health & Hygiene (Johannesburg, South Africa). So-
lutions were prepared with deionized water, produced by
a MilliQ water purification system from Milipore (Bed-
f m-
c try
( V-
2 burg,
S

nd supercritical fluid chromatography[13] has been re
orted. Determination of PYR was achieved by fluorim

14], GC[15] and HPLC[16–18]in biological fluids, anima
issue and animal feeds. A variety of analytical method
he simultaneous determination of both drugs in pharma
ical preparations through spectrophotometry[19], in biolog-
cal fluids through HPLC[10,20–25]and micellar electrok
etic chromatography in veterinary preparations[26] have
een reported.

The simultaneous determination of PYR and SUL is
eded by the differences in their chemical properties. PY
weak base (pKa = 7.3) and SUL is an ampholyte (pK1 = 1.8;
K2 = 6.1)[20]. The analysis is even more complicated by
resence in the sample of the detergent components. T

ergent contains sodium xylene sulfonate (SXS) with ac
roperties (acute toxicity value: LD50 = 1000 mg/kg oral, rat
method for analyzing all three components has not yet

eported. The chemical structures of these compound
hown inFig. 1.

The aim of this study was to validate the cleaning p
edures used for the manufacturing equipment involve
ansidar manufacture. Three tasks were identified:

development and validation of a sensitive chromatogra
method capable of detecting traces of PYR, SUL and
likely to remain on pharmaceutical manufacturing eq
ment surfaces after cleaning;
development and validation of a suitable sampling met
testing the efficiency of the current cleaning procedur
ord, MA, US). The sampling was performed with Be
ott M3 wipers purchased from Asahi Chemical Indus
Japan). Samples were filtered through PVDF Millex H
5 syringe filters purchased from Microsep (Johannes
outh Africa).
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2.3. Chromatographic conditions

Chromatographic separations were performed on a Waters
150 mm× 4.6 mm Symmetry 5�m, C18 analytical column,
100Å pore diameter.

The chromatographic experiments were performed under
isocratic elution. The mobile phase consisted of methanol
and 0.06 Mortho-phosphoric acid (35:65 v/v). The mixture
was allowed to cool down to 20◦C in a water bath and it was
adjusted to pH* 3.0 with 1 M sodium hydroxide. The mobile
phase was degassed by sonication under low vacuum prior
to use. The flow-rate was set to 1.0 ml/min. The autosampler
temperature was 15◦C and the column temperature was set
at 26◦C. The injection volume was 50�l. The detector was
programmed to record the absorbance of the samples between
190 and 300 nm with a sampling frequency of 1 spectrum/s.
The raw data acquired with the photodiode array detector
were processed at 270 nm.

2.4. Preparation of calibration solutions

A stock solution containing approximately 250�g/ml
PYR and 250�g/ml SUL was prepared in methanol. Inter-
mediate stock solutions with concentrations ranging between
5 and 200�g/ml were prepared in methanol at seven concen-
tration levels. The final dilutions were prepared as follows:
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for SXS was prepared in order to identify the SXS peaks ob-
tained for the detergent solution.

3. Results and discussion

3.1. Method optimization

A proprietary method, which was developed, validated
and approved for Roche’s affiliates, was re-evaluated. This
initial method, which is used to assay PYR and SUL in phar-
maceutical formulations at relative high concentrations, was
modified in order to accommodate the requirements of trace
analysis specific for a cleaning validation study.

A Symmetry® column was used to improve the peak sym-
metry and obtain the best overall chromatographic separation
of the cleaning validation samples.

The initial method detects PYR and SUL at 227 nm. For
tablet content assay, an optimum simultaneous detection of
both components is ensured at this wavelength where the
much lower absorption of SUL is compensated by the high
content of SUL per tablet. The UV spectra of PYR and SUL
in the mobile phase show stronger absorption maxima for
both compounds around 270–273 nm.

For the cleaning validation assay, the detection was per-
formed at 270 nm in order to improve the method sensitivity
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ml of 0.1 M urea solution was spiked with 0.2 ml metha
ic intermediate stock solution and the solution was m
p to 10 ml with mobile phase. The concentrations of
alibration solutions are: 0.10, 0.20, 0.50, 1.01, 2.02, 3
.03�g/ml for PYR and 0.10, 0.20, 0.51, 1.02, 2.03, 3.05
.07�g/ml for SUL.

.5. Sample preparation

Bemcott M3, a non-woven, entangled fabric made of c
inuous filaments of 100% cellulose, fabricated without
dhesive binders was selected for its highly absorbent
rties. Three swabs cut in pieces of 2 cm× 2 cm were place

nto 15 ml test tubes. The swabs were spiked with var
uantities of active compounds resulting in final soluti
ith the same theoretical concentrations as for the stan
alibration solutions when diluted with 10 ml of solvent. T
wabs were left to dry. Then, 1 ml of 0.1 M urea solution
ml of mobile phase was added. The test tubes were vor

or ca. 30 s and then the solution was filtered through P
0.45�m) syringe filters, discarding the first 2 ml of the
ution. Four replicates per level were prepared as desc
bove.

Three replicate blank samples for the swab material
repared as above.

A detergent sample was prepared by diluting 200 m
etergent concentrate into 100 ml MilliQ water and furt
iluting 5 ml of this solution with mobile phase in a 20
olumetric flask. The final detergent solution has a con
ration of 12.5�g/ml SXS. An independent standard solut
owards SUL which is less soluble than PYR and there
ikely to remain in higher quantities on the pharmaceu
quipment after cleaning. At this wavelength possible in

erences from the detergent and other sample compoun
inimized.
The injection volume was increased from 20�l, in the

nitial method, to 50�l in order to enhance the method s
itivity.

.2. Selectivity

The solutions for detergent and for the active compon
ere chromatographed on the Symmetry column but m

aining the mobile phase from the initial method. It was
erved that the detergent components are interfering
he active components of the drug. A peak was also
erved when solutions prepared for the swab blank
njected.

Several parameters of the mobile phase were sim
eously optimized in such a way until baseline resolu
as obtained for all the peaks. The final optimum s
ration conditions were achieved when the mobile p
omposition was methanol and 0.06 Mortho-phosphoric
cid (35:65 v/v) adjusted to pH* 3.0 with 1 M sodium
ydroxide.

With the optimized separation conditions, HPLC runs w
etergent solution and swab blanks indicated that no sw
etergent component is detected at the retention time of
nd PYR.Fig. 2 shows separation profiles of the samp

njected to assess the selectivity of the method.
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Fig. 2. Typical chromatograms for: mobile phase (a), an extracted swab blank (b), the chromatogram obtained for the 100% level (c), an SXS solution (d), a
detergent solution (e) and a combined sample containing detergent, swab and the drug actives (f).

SXS is a mixture of five constitutional isomers. With
the current separation conditions it elutes as a group of
three peaks in the time interval from 5 to 7 min. SUL and
PYR are eluting at 4.2 and 8.6 min, respectively. The re-
tention time of PYR inFig. 2f was slightly earlier than
in Fig. 2c probably due to matrix differences. The iden-
tity of PYR in Fig. 2c was confirmed by the UV spec-
trum. The complete sample separation was achieved within
10 min.

3.3. Method range

The new method was developed for the concentration
range of interest for cleaning validation, unlike the case of the
methods, which are validated for APIs assay on a relatively
small concentration range from 80 to 120% of the expected
concentration. For cleaning validation, a wider concentra-
tion range with at least five concentration levels should be
validated. This is due to the fact that it is difficult to pre-
dict the actual level of contaminants found on the production
equipment and to avoid re-diluting and re-injecting too con-
centrated samples.

3.4. Linearity

Linearity was studied for swab samples (seven concen-
tration levels; four replicates per level). Linearity data were
obtained by plotting the peak area of PYR and SUL expressed
in area units against the concentration of PYR and SUL ex-
pressed as�g/ml. A linear regression least square analysis
was performed in order to determine the slope, intercept and
correlation coefficient of the standard curve.

Standard curves were linear from 0.129 to 4.02�g/ml
PYR and from 0.120 to 4.06�g/ml SUL. The coefficients
of correlation (r) are higher than 0.999 for both PYR and
SUL indicating a good relationship between the peak area
and the concentration of PYR and SUL, respectively in these
concentration ranges.

The intercepts of the regression lines are situated for both
PYR and SUL within the 95% confidence band of±10.0% of
〈Y〉Ref indicating that there are no constant systematic errors.

The limits of detection and quantification were calculated
with the following formulas:

LOD = 3.3s

S
, LOQ = 10s

S
(1)
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Table 1
Parameters of linearity for pyrimethamine and sulfadoxine

Analyte Calibration range (�g/ml) y-intercept Slope r2 LOD (�g/ml) LOQ

�g/ml �g/swab

PYR 0.042–4.020 −2.78E+03 1.030E+05 0.9987 0.042 0.129 1.29
SUL 0.040–4.060 −3.391E+03 2.198E+05 0.9989 0.040 0.120 1.20

Table 2
Intra-assay precision (1 day)

Concentration level (%) %RSD (n= 4)

PYR SUL

5 2.1 1.5
10 1.3 1.9
25 2.4 2.2
50 1.6 1.4
100 2.4 2.7
150 1.8 1.0
200 3.3 3.2
Average 2.1 2.0

whereSis the slope of the calibration curve andsthe standard
deviation. For the estimation of the standard deviations, the
standard deviation of they-intercept was used. The linearity
data are presented inTable 1.

3.5. Precision (by repeatability)

The intra-assay precision of the chromatographic method,
reported as relative standard deviation, was assessed by mea-
suring the repeatability of the results obtained for four repli-
cate swab samples at seven concentration levels. Swabs were
spiked with various quantities of analyte, allowed to dry and
then extracted in mobile phase. The %RSD values obtained
per level are presented inTable 2.

The overall precision expressed as %RSD is 2.1 for PYR
and 2.0 for SUL.

3.6. Precision (by reproducibility)

The inter-assay precision was assessed for three concen
tration levels (50%, 100%, 150%) with six replicate swab
samples per level (seeTable 3). The assays were carried out
over 3 days on the same instrument by one operator (n= 18).

These values demonstrate that the precision of the method
is adequate over the range of concentrations expected in
c
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3.7. Accuracy (by recovery)

The method accuracy was determined on spiked and dried
swabs that where then extracted in mobile phase. The accu-
racy of the procedure was assessed by comparing the analyte
amount recovered from swabs versus the known amount in
the standard injection solutions at seven concentration lev-
els with four replicates (n= 4) for each concentration level
investigated.

Recoveries from swabs higher than 100% were obtained
especially for SUL (Table 4). This was seen as a positive
systematic error caused by the low SUL solubility. Various
methods were used in order to increase the solubility of SUL
(data not shown). It was observed that a solution of 0.1 M
urea, when added to the samples, increases the SUL solubil-
ity. It is assumed that urea neutralizes the hydrogen bonds
between the SUL molecules, therefore preventing their asso-
ciation and precipitation phenomena.

In the case of spiking swabs with SUL it is believed that
the cotton acts as a “buffer” medium between the methano-
lic standard solution containing SUL and the aqueous mobile
phase, therefore preventing SUL precipitation. However, pre-
cipitation is more readily to occur for the samples prepared
without cotton swabs.

3.8. Establishing limits for the cross-contamination
l
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leaning validation samples.

able 3
nter-assay precision (3 days)

oncentration level (%) %RSD (n= 18); 3 days

PYR SUL

0 3.2 4.8
00 4.3 1.7
50 2.9 2.3
verage 3.5 2.9
-

evel permitted on clean equipment

It is to be remarked that contamination refers to any ch
cal, microbiological or particulate contaminant likely to

ain on the equipment surface after its cleaning, whe
ross-contamination refers to the contamination of a pro
y a previously manufactured product.

The maximum permitted quantities (R) of PYR and SUL
s potential cross-contaminants were calculated through
ral methods[27] (seeTable 5). The total surface area of t
quipment chain in direct contact with the product was

able 4
ccuracy by recovery

oncentration level (%) Recovery (%) (n= 4)

PYR SUL

5 96.6 127.6
10 103.2 136.9
25 108.2 124.3
50 115.1 126.4
00 102.7 106.9
50 99.9 103.6
00 100.2 102.7
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Table 5
Maximum permitted levels of cross-contamination obtained through two
different calculation methods

Criterion Permitted cross-contamination (�g/cm2)

PYR SUL

0.1% dose limit 4.99 (LOC) 39.88
10 ppm 19.14 19.14 (LOC)

counted for in the calculations. The lowest obtained values
were selected as limit of contamination (LOC) for this study.

A lowest calculated value of 4.99�g PYR/cm2 was ob-
tained when the 0.1% dose limit criterion was used for the
total equipment chain. The 0.1% dose limit criterion is justi-
fied by the principle that an API at a concentration of 1/1000
of its lowest therapeutic dose will not produce any adverse
effects to one’s health. This criterion as explained by[27]
accounts also for the maximum daily intake of a following
product and for the batch size of the product that will be
manufactured next with the same equipment (see Eq.(2))

R = DS

IF

1

A
(�g/cm2) (2)

For SUL, the lowest calculated value was obtained when the
10 ppm acceptance criterion was applied. When not more
than 10 ppm of SUL were allowed into the next manufactured
product, a limit of 19.14�g SUL/cm2 was determined as
LOC (see Eq.(3))

R = 10× S
1

A
(�g/cm2) (3)

whereRis the maximum residue of API permitted after clean-
ing, allowed into the next product; it is assumed that the total
amount of residue is distributed homogenously into the fol-
lowing product;D the lowest daily therapeutic dose of the
c w;
I
s the
p ns);
A with
t all the
p s of
t

3
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b e was
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resentative mean of the recovery rate. The swab sampling
simulation was performed by one operator.

A pair of tweezers was used to perform the swabbing. Vari-
ous proportions of water–methanol were considered as swab-
bing solvents. A mixture of methanol–MilliQ water 70:30
(v/v) swabbing solvent provided the highest recovery rate.
Better recovery results were obtained when the spiked ana-
lytes were recovered by using three swabs per sample rather
than two. The first swab was wetted with 0.2 ml of swabbing
solvent. The coupon was swabbed horizontally with one side
of the swab and vertically with the other side. The procedure
was repeated two more times with two more wetted swabs.
All three swabs were collected into the same test tube. The
swab samples were prepared as described above. Appropriate
dilutions were performed in order to bring the concentration
of the samples within the validated range of the analytical
method.Table 6presents the recovery results.

The recovery experiment provided a good indication re-
garding the reproducibility of the swabbing procedure. RSD
values of 7.4% for PYR and 5.1% for SUL were obtained
(n= 6).

3.10. Sample stability

The stability of the APIs in the swab matrix was tested.
Several series of samples were prepared by spiking swabs
w inal
c first
l The
s ere
s
d ning
5 ber
g
a ature.
U as
a pared
o xed,
fi d.

T
R

Q

P

S

ontaminant;Sthe lowest batch size of the product to follo
the maximum daily intake of the product to follow;F the
afety factor (can vary from 10 to 100 000 depending on
roduct nature, e.g., topical, oral or injectable preparatio
the total surface area of equipment in direct contact

he products, calculated based on the assumption that
roducts come into contact with all the equipment piece

he chain.

.9. Determination of recovery rate of contaminants
rom stainless steel

Recovery studies were performed in order to determi
hat extent the residue could be retrieved from the produ
quipment with the sampling procedure chosen. The rec
xperiment was performed at the LOC level of PYR and S
n the equipment.

PYR and SUL were independently spiked on 316 s
ess steel coupons (10 cm× 10 cm). The spiked coupons we
llowed to dry (ca. 2 h) at room temperature. Since the s
ing is an operator dependant technique, each analyt
ecovered six times from coupons in order to obtain a
ith a quantity of analyte that would result in the nom
oncentration level when diluted with 10 ml solvent. The
ot (n= 4) of samples were stored in a moistened state.
econd lot (n= 4) was kept in a dry state. All samples w
tored in amber test tubes, in the refrigerator (4◦C) for 7
ays. It is known that a methanolic stock solution contai
.0 mg SUL/ml and 0.5 mg PYR/ml which is stored in am
lassware is stable at 4◦C for over 6 months[28]. Before
nalysis the samples were allowed to reach room temper
rea solution 0.1 M (1 ml) and 9 ml of mobile phase w
dded to the dry stored samples. A fresh sample was pre
n the day of the analysis. All the samples were then vorte
ltered through PVDF (0.45�m) syringe filters and analyze

able 6
ecovery of PYR and SUL from stainless steel coupons

uantity of
contaminant
spiked

Recovery rate (%) Mean recovery
(%)± IC (%)

%RSD (n= 6)

yrimethamine,
498.5�g

96.4 90.5± 6.5 7.4
81.2
84.8
93.9
97.9
88.8

ulfadoxine,
1880.7�g

84.8 83.9± 4.2 5.1
84.4
83.2
80.7
91.3
79.0
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Table 7
Sample stability (samples kept at 4◦C in the dark for 7 days)

Contaminant Concentration (�g/ml) Sample storage conditions Recovery (%) %RSD (n= 4)

PYR 2.01 Dry 95.8 1.3
Soaked 96.7 1.7

SUL 2.02 Dry 97.9 1.4
Soaked 98.0 1.8

Table 8
Results obtained for the determination of PYR and SUL in actual swab samples collected from the manufacturing equipment chain

Processing step Contaminant (�g/cm2)

Pyrimethamine (LOC = 4.99�g/cm2) Sulfadoxine (LOC = 19.14�g/cm2)

Run 1 Run 2 Run 3 Run 4 Mean + 2s Run 1 Run 2 Run 3 Run 4 Mean + 2s

Granulation 0.197 2.038 0.302 0.164 2.496 0.583 4.724 0.286 0.179 5.831
Milling 0.020 0.057 0.063 0.059 0.090 0.355 0.173 0.634 0.136 0.779
Drying 0.476 0.250 0.218 0.162 0.552 11.164 1.264 4.543 0.882 13.983
Blending 0.004 0.055 0.056 0.055 0.094 0.131 0.085 0.166 0.084 0.196
Vacuum transfer 0.007 0.041 0.059 0.040 0.080 0.098 0.252 0.166 0.157 0.295
Compression 0.010 0.050 0.081 0.050 0.106 0.167 0.174 1.287 0.128 1.570
Packing 0.077 0.327 0.087 0.072 0.389 3.275 0.837 0.481 0.113 4.036

No changes in the chromatography of the stored samples
were found and no additional peaks appeared when compared
with chromatograms of freshly prepared samples. It was ob-
served that SUL is slightly more stable than PYR in swab
samples. With each compound, similar recoveries were ob-
tained for both dry and moistened stored samples and it was
decided that samples should be stored in a dry state in or-
der to avoid the double preparation of the mobile phase (see
Table 7).

3.11. Assay of swab samples collected from the
equipment train

Swab samples collected from different locations of the
manufacturing equipment train were analyzed with the new
method. The results found are presented inTable 8.

Since the hand cleaning is generally less reproducible than
the automated cleaning, the validation results obtained for
manual cleaning procedures must be consistent and well be-
low the LOC. This is to ensure that residues will be removed
efficiently and below the acceptance levels in the conditions
of routine cleaning of the manufacturing equipment.

For the current study it was observed that all data obtained
lie within 2s of the sample mean and well below the LOC.
This gives the confidence that the manual cleaning procedures
t the
e

3
c

itive
e cal-
c priate
s are

established constitute the answers to the question often en-
countered in the cleaning validation literature of “How clean
is clean”[29,30]. The analytical method measures the level
of cleanliness of the equipment at the time of validation and
monitors any trends and deviations from the validated status
of a cleaning process susceptibly to develop in time.

4. Conclusion

An accurate, reproducible, sensitive and selective HPLC
method for the simultaneous determination of PYR and SUL
residuals on pharmaceutical manufacturing production sur-
faces has been validated to control the efficiency of the equip-
ment cleaning. The chromatographic separation is achieved
within 10 min facilitating a high sample throughput. The level
of contamination found after equipment cleaning was mon-
itored during several consecutive runs. The results obtained
confirm that the cleaning procedures used are able to remove
residues from equipment surfaces well below the calculated
limit of contamination.
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