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Purpose: A leachable cyclic amide (caprolactam) can be found in normal saline (NS) and 5%
dextrose in water (D5W) plastic bags widely used in clinical practice if they contain
polyamide in a multilayer sheeting. This contamination and the parameters that could
influence its content have never been studied in a public work such as a scientific

publication.

Methods: Two independent laboratories validated a caprolactam dosing method and

studied contamination levels in several containers.

Results: Caprolactam content in multilayer polypropylene/polyamide/polypropylene plastic
bags ranged from a mean (SD) of 5.43 (0.21) mg/L (D5W 1,000 mL) to 22.83 (1.26) mg/L (NS
50 mL). NS and D5W can be intravenously administered with a total daily dose of 3 L,

corresponding to a minimal daily dose of 16.3 mg of caprolactam.

Conclusion: The high levels of contamination we have reported and the possibility of
administering caprolactam to high-risk patients (eg, neonates, the elderly) should make it
imperative for pharmaceutical companies to communicate publicly on the safety of
caprolactam.

Keywords: caprolactam, dextrose, HPLC-UV, leachable, normal saline, polyamide
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Normal saline (NS) and 5% dextrose in water (D5W) are widely prescribed and administered
to hospitalized patients as fluid replacement solutions. They can be stored in various
containers made from different materials. Among these, polymers are the most commonly
used as they offer many advantages.1 However, the assessment of extractables and
leachables from these polymers has become an important issue in recent decades. The
safety and quality of polymeric containers must be strictly controlled prior to marketing
authorization, in accordance with several guidelines.2

Extractables are organic and inorganic substances released under experimental
conditions, while leachables are released under normal conditions of storage and use.
Leachables assessment and subsequent toxicological studies must be done by the
pharmaceutical industry, but these data are often unavailable to consumers. In this context,
our laboratory randomly discovered organic contamination in NS containers (Viaflo, Baxter)
and decided to investigate. The suspected contaminant turned out to be caprolactam.

In the literature, caprolactam has been described as a GABA—antagonist,S'4 and
although several toxicological studies have been carried out on animals for the oral and
respiratory routes, parenteral toxicity assessments are lacking. However, caprolactam is
considered to have a low toxicity to humans due to its rapid elimination.”

Ten years.ago, Jenke® described a safety risk assessment of organic extractables for
parenteral drug products. He classified over 500 extractables into 4 risk score categories
(low, moderate, intermediate, and high risk) to indicate whether the extractable could
adversely affect patient safety as a leachable. With regard to its safety, availability, and
solubility, caprolactam was classified in the intermediate risk category, with a total risk

score of 31.
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We present and discuss herein the results of an investigation of caprolactam
contamination in various containers. These analyses were conducted in 2 independent
laboratories. Moreover, a study on caprolactam variation under different conditions (time,

temperature, and pH) was also performed.

Materials and methods

Chromatographic conditions. Caprolactam was quantified by high-performance
liguid chromatography with ultraviolet absorption detection (HPLC-UV).in 2 independent
laboratories (L1 and L2).

In L1, the chromatographic method was performed on an automatic HPLC-UV-DAD
system with an XTerra RP18 3.5 um, 4.6 x 100 mm column (Waters). The mobile phase
consisted of an aqueous solution of 20 mM sodium dihydrogenophosphate buffered to pH
2.2 with phosphoric acid. It was filtered through a Millipore 0.45 um cellulose filter and used
in isocratic mode at a flow of 0.8 mL/min for 10 minutes. The wavelength for caprolactam
detection was 210 nm, injection volumes were 20 uL, and the column temperature was 25
°C. Linearity was determined with 7 concentrations ranging from 1.25 to 100 mg/L prepared
in sextuplicate from a caprolactam standard (caprolactam certified reference material,
CRM01483-100MG, Sigma-Aldrich) dissolved in ultrapure water. Repeatability was
determined from within-day variation measurements, while intermediate precision and
accuracy were determined from between-day variation measurements.

In L2, the chromatographic method used an automatic HPLC-UV-DAD system (the
ELITE LaChrom VWR/Hitachi plus autosampler, a VWR L-2455 photodiode array detector,
and a VWR L-2130 HPLC pump). The column was a LiChrospher 5 um, 4 x 125 mm column

(Merck). The mobile phase was a mixture of methanol and ultrapure water (70:30). It was
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filtered through a Millipore 0.45 um cellulose filter and used in isocratic mode, with a flow
of 1 mL/min for 10 minutes. The wavelength for caprolactam detection was 210 nm,
injection volumes were 50 L, and the column temperature was 25 °C. Linearity was
determined with 5 concentrations ranging from 2 to 30 mg/L prepared in triplicate from a
caprolactam standard (caprolactam, BVBV2816, Sigma-Aldrich) dissolved in ultrapure water.
The intraday repeatability was evaluated as recommended by the International Conference
on Harmonization (ICH) guideline Q2 (R1) using 3 determinations for each concentration (2,
10, and 30 mg/L). For interday precision, 3 determinations each for the same concentrations
were assayed daily on 3 different days.

Study design. First, various NS containers (Viaflo, Baxter, 100 mL, 250, and 500 mL;
Freeflex, Fresenius Kabi, 250 and 500 mL; Kabipac, Fresenius Kabi, 500 mL; Physiodose,
Gilbert, 5 mL; Proamp Aguettant, 20 mL; CDM Lavoisier, 250 mL) were analyzed by direct
injection. Caprolactam was quantified by HPLC-UV at laboratory L1.

Then, caprolactam quantification was conducted in 2 independent hospital
laboratories (L1 and L2) to reinforce the level of evidence of the reported contamination.
Each laboratory analyzed in triplicate the contents of plastic bags (23 NS- and 26 D5W-
containing Viaflo plastic bags of different volumes) available in its hospital, then sent the
samples (at ambient temperature, protected from light) to the other laboratory for analysis
in triplicate.

Next, we decided to store these containers at different temperatures to study
caprolactam variations over time. A batch of NS 100 mL (22H27G61) was selected and
stored under 3 different conditions: 3 plastic bags at a temperature of 2-8 °Cin a
refrigerator, 3 plastic bags at 25 °C and 60% relative humidity (RH), and 3 plastic bags at 40

°C and 75% RH in 2 climatic chambers (Memmert). In the same batch, NS was also removed
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from plastic bags and replaced by NS from glass containers that were previously reported as

being free from caprolactam. Three plastic bags were stored at a temperature of 2-8 °C, 3
plastic bags at 25 °C and 60% RH, and 3 plastic bags at 40 °C and 75% RH. Glass containers
were also stored in each condition as negative controls (free from caprolactam).
Caprolactam contamination was analyzed monthly from time 0 to 6 months.

Finally, as caprolactam is a cyclic amide, its physicochemical interactions were
investigated. There are several causes of physicochemical interactions, such as pH effects
and drug-drug interactions.’

Caprolactam content was studied at different pH levels. Acid (hydrochloric acid 0.5
or 1M) or base (sodium hydroxide 1M, 0.1M, or 0.05M) were added to 100-mL NS plastic
bags to reach the target pH (2, 4, 6, 8, or 10). Plastic bags were stored for 15 days at 25 °C
and 60% RH, and caprolactam content was determined at day 0 and day 15.

We also studied caprolactam content in 50-mL NS plastic bags (batch 23D19G63,
Viaflo, Baxter) 3 hours after addition of commercial cisplatin (1 mg/mL; Accord). Samples
were stored at ambient temperature and protected from light. Low and high cisplatin final
concentrations (0.107-mg/mL and 0.5 mg/mL) were both tested.

Statistical analysis. To descriptively compare the results of caprolactam
concentration measurements obtained in laboratories L1 and L2, the interlaboratory bias
was calculated. The intralaboratory variance (S.°) was then calculated for each triplicate
measured. By convention, negative S, values were set to 0. Then, the interlaboratory
reproducibility of the standard deviation (Sg) was calculated for each triplicate. In order to
assess the relevance of the interlaboratory comparison, the normalized deviation (Ey) was
calculated for each triplicate. With an absolute Ey value of <1, the comparison of values

between the 2 laboratories is considered reliable. Finally, a comparison of the mean
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caprolactam concentrations for each bag type (independent of batch) obtained by L1 and L2
was made using a Mann-Whitney test. P values below 0.05 were considered as statistically
significant.

The relationship between variation of caprolactam content in plastic bags and time
was estimated by regression analysis and calculation of the coefficient of determination
(R®). Correlation coefficient tests at a 95% confidence level were conducted between the 2
variables caprolactam concentration and time. P values below 0.05 were considered

statistically significant.

Results

Method validations. In L1, the linearity evaluation revealed a deviation at the lowest
concentration (1.25 mg/L). Thus, linearity was established between 2.50 and 100 mg/L.
Repeatability, intermediate precision, and accuracy results and an example of a caprolactam
chromatogram are reported in eTable 1 and eFigure 1.

In L2, linearity was established between 2 and 30 mg/L, with an R? of 0.999. The
results of the calibration study highlight the homogeneity of the variance (Cochran’s test:
Cexp = 0.643 < Cth(5%; 3; 5) = 0.684). Analysis of variance (nonlinearity) demonstrated the
good fit of a linear model for our method (Fexp = 0.10 <Fth(5%; 3; 10) = 3.71). All intraday
precision values and interday precision values were less than 1.6% and 3.35%, respectively.
An example of a caprolactam chromatogram is shown in eFigure 2.

Caprolactam contamination in various containers. During an HPLC method
validation in the year preceding this study, we identified an extraneous peak in several NS
flexible plastic containers. These containers were composed by a multilayer sheeting

(polyethylene/polyamide/polypropylene). To identify the origin of this contamination,
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bibliographic research was conducted. A study8 and a communication® reported the
presence of the polyamide (nylon) monomer caprolactam in the same containers.

With regard to these data, and as the extraneous peak we found and a caprolactam
standard solution we analyzed under the same analytical conditions had the same retention
times, we decided to investigate caprolactam contamination in several containers. The
results are summarized in eTable 2.

Of the tested containers, only those made of polyamide were contaminated with
caprolactam. The levels of contamination observed prompted us to pursue our
investigations.

Caprolactam contamination levels in different volumes. Caprolactam
contamination in NS and D5W plastic bags was compared with analyses performed by two
different laboratories, L1 and L2. Results are presented in Tables 1 and 2.

The extremely low intralaboratory variance and interlaboratory reproducibility
standard deviation values confirm the homogeneity of the results obtained by L1 and L2.
Each normal deviation value is less than 1, demonstrating the consistency of results
between L1 and L2. Interestingly, no statistical difference could be detected when
comparing the mean caprolactam concentrations measured by L1 and L2 for each bag type,
either NS or D5W, except for 1,000-mL NS bags (P < 0.001), partly due to the extremely low
overall %SD recorded in both L1 and L2 for this series.

Of the 49 samples analyzed, only one had results from L1 and L2 differing by more
than 5%. Caprolactam dosing methods of the two laboratories were sufficiently reliable (no
En value of >1) to accurately estimate mean caprolactam content in containers. According to
the summary of product characteristics of NS and D5W, a maximum daily volume of 3 L can

be intravenously administered to patients. The total daily doses of caprolactam that could
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theoretically be administered to patients in accordance with this recommendation are
reported in Table 3.

Caprolactam concentrations varied with container volume. Lower volumes were
associated with higher caprolactam concentrations, probably because the internal surfaces
in contact with NS or D5W increase when volumes decrease (as reported in eTable 3).
However, we did not identify any differences in caprolactam content between NS and D5W
containers.

Change in caprolactam contamination over time. The variations in caprolactam
content over time were studied. Results are summarized in eFigures 3 and 4.

Caprolactam concentrations in untouched bags showed no statistically significant
relationship with storage time, whatever the storage conditions. In bags containing
caprolactam-free NS from glass containers, a statistically significant relationship between
time and measured caprolactam concentration was observed only for storage at 40 °C at
75% RH (P < 0.006).

Caprolactam physicochemical interactions. The mean (SD) pH of NS in 5 different
plastic bags (Viaflo100 mL, Baxter,) was found to be 5.76 (0.05). When NS is used as a
diluent, the solubilized drug may cause the pH to vary. Consequently, caprolactam content
was studied at different pH levels at day 0 and at day 15. The results summarized in Table 4
show that no relevant differences were found. It seems that pH has little or no influence on
the caprolactam content in NS plastic bags.

Caprolactam is a cyclic amide that can theoretically react with alkylating agents.'®*2
For example, caprolactam N-alkylation to produce N-methylcaprolactam was described,
with dimethylsulfate used as a reagent.™® Dimethylsulfate is an alkylating reagent that can

also react with DNA through a bimolecular substitution (Sy2) reaction.* We hypothesized

20z 1snbny ¢ | uo Jasn 9z66 INYISNI Aebinsoinap jeuonound Aq 80012/ 2/y0zeexz/dule/ce01L 01 /10p/aone-aoueape/dyle/wo dnooiwspese//:sdny Woly pepeojumo(



that anticancer agents that can interact with nitrogen atoms, when diluted in NS or D5W
plastic bags contaminated with caprolactam, would be at least partially inactivated and
caprolactam would be N-substituted.

Cisplatin is an anticancer agent that can form covalent DNA adducts. Its interaction
with N7 nitrogen of purine base was described from years as one of its main mechanism of
action.’® However, addition of cisplatin (0.107 mg/mL and 0.5 mg/mL) in 50-mL NS plastic

bags showed no meaningful influence on caprolactam content after 3 hours.

Discussion

In this work, we report caprolactam contamination of both NS and D5W.
Caprolactam is a polyamide (nylon) monomer already described as an extractable of nylon
material™® and also as a leachable of other multilayer containers.”’

With regard to the summary of product characteristics, an adult patient can be
infused with a maximal volume of 3 L. If 1-L NS and D5W containers are used, an adult
patient can receive, respectively, approximately 16.5 mg and 16.3 mg of caprolactam per
day. Moreover, the lower the volumes of container used are to reach this maximal volume
of 3 L, the higher the daily quantities of caprolactam administered. It can be assumed that a
patient will not be infused with 60 plastic bags of 50 mL per day (corresponding to 3 L and a
theoretical caprolactam administration of 68.5 mg with use of NS and 66.7 mg with use of
D5W), but small volumes are often used as diluents for various intravenous medications.

Pediatric patients can also be infused using such containers, which can also be used
to provide parenteral nutrition to high-risk patients such as neonates. Patients with renal or
hepatic insufficiencies and pregnant women can also be infused, raising questions about the

potential impact of caprolactam contamination on such high-risk populations.
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Surprisingly, limit values for leachables cannot be found in the literature, as they are
excluded from ICH guideline Q3B (“Impurities in new drug product”), but ICH is currently
working on ICH Q3E (“Guideline for Extractables and Leachables”).

A wide variety of organic and inorganic substances with various toxicity levels have
been grouped under the “leachables” denomination. Among these, caprolactam is certainly
not the most toxic, but its presence in NS and D5W in the mg/L range appears problematic.
In the literature, similar work was conducted on NS PVC bags*® and found levels in the pg/L
range for several leachables, such as phtalides (16-580 pg/L), bisphenol A (320 pg/L),
mono(2-ethylhexyl)-phtalate (454 pg/L) and di(2-ethylhexyl)-phtalate (DEHP) (5-7 pg/L).
Only cyclohexanone was found in the mg/L range (35 mg/L). PVC leachables contamination
has been widely described, and its implication was clinically evaluated, for example, in
pediatric practice for the most toxic substances such as DEHP®?° but also for the most
concentrated such as cyclohexanone.21 It is disturbing that such studies may have been
carried out but not published for caprolactam.

Toxicological studies on caprolactam have been described for pulmonary or
cutaneous exposure, as workers may be exposed during nylon production. It has been
described as an irritating agent for skin and mucosa.?? Few animal studies have also been
described for oral administration. In subchronic feeding studies in rats, nephropathies and
mild liver weight increases were described.?® Such effects were not found in dog studies.?*
Therefore, caprolactam is not considered to be particularly toxic via the oral route of
exposure, and a “derived no effect level” of 8.55 mg/kg/day for long-term oral exposure has
been proposed.?? However, parenteral evaluations are lacking. We hope that unpublished
toxicological data exist and have been used to define a caprolactam safe level. Therefore, in

clinical practice, without any information on caprolactam toxicity and pharmacokinetics, it is

20z 1snbny ¢ | uo Jasn 9z66 INYISNI Aebinsoinap jeuonound Aq 80012/ 2/y0zeexz/dule/ce01L 01 /10p/aone-aoueape/dyle/wo dnooiwspese//:sdny Woly pepeojumo(



reasonable to wonder whether such plastic bags can be used in neonates, pregnant women,
patients with renal/hepatic insufficiencies, or any other high-risk population. To our
knowledge, physical or chemical incompatibilities between caprolactam and drugs have not
been described. In this study, we did not find evidence of incompatibility between
caprolactam and cisplatin.

In our view, toxicological data on leachables and other impurities are as important as
clinical studies in proving the safety of a drug and cannot be covered by industrial secrecy.
We recommend improving transparency by systematically publishing the toxicological
studies carried out by the pharmaceutical industry. Limit values for leachables and also for
all impurities should also be published. Finally, as leachables may give rise to
pharmacological or physicochemical interactions, their presence should be detailed when

they are not just found at trace levels.

Conclusion

Plastic containers suffer from leachables contamination, whatever the type of
polymeric material they contain. Herein, we have described a leachable of nylon material,
caprolactam, found in NS- and D5W-containing infusion bags, with mean (SD) caprolactam
content ranging from 5.43 (0.21) to 22.83 (1.26) mg/L. This contamination results in an
administration per NS or D5W container of 1.11 to 5.49 mg of caprolactam. Lower container
volumes are associated with higher caprolactam concentrations.

Caprolactam concentrations were stable over time in untouched bags, whatever the
storage conditions, but in bags containing caprolactam-free NS, caprolactam concentrations
slightly increased over 6 months with storage at 40 °C and 75% RH. Moreover, varying the

pH seemed to have little or no influence on the caprolactam content in NS plastic bags.
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Finally, a mixture of caprolactam-contaminated NS and a highly reactive drug (cisplatin) had
no influence on caprolactam content, which is reassuring with regard to potential
physicochemical interactions of caprolactam with drugs.

However, in the absence of information it is appropriate to consider whether such
caprolactam-contaminated plastic bags are the safest alternative for patients, particularly in

pediatric practice (including parenteral nutrition) and for pregnant women.
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Key Points

e A cyclicamide leachable (caprolactam) was identified and quantified in some test
samples of multilayer plastic infusion bags containing normal saline and 5% dextrose in
water.

e Mean (SD) caprolactam levels ranged from 5.43 (0.21) mg/L to 22.83 (1.26) mg/L and did
not significantly vary with storage time, whatever the storage conditions.

e Published toxicological studies on parenteral exposure to caprolactam are lacking.
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Table 1. Interlaboratory Results of Testing for Caprolactam Contamination of NS Stored in Infusion

Bags
Volume Origin Batch
50 mL L1 23D16G62
L1 23B13G63
L1 23E14G60
L2 23E15G60
L2 22122G63
100mL L1 23A11G61
L1 23B21G62
L1 23D06G62
L2 22H27G61
250 mL L1 23D12E4B
L1 23B25E3T
L1 23EO5E4L
L2 23F12E4Z
500mL L1 23D10E7G
L1 23CO1E7T
L1 23E11E7C
L2 23E11E7C
L2 23D25E7K
1,000 mL L1 22K19E0J

Caprolactam content,
mean (SD), mg/L

L1
23.71(0.01)

24.51(0.03)
21.30 (0.01)
21.57 (0.02)
22.43 (0.02)
14.96 (0.01)
15.32 (0.06)

14,86 (0.02)
14.21 (0.01)

10.31 (0.01)
10.78 (0.02)
10.16 (0.02)
10.26 (0.00)

8.47 (0.01)
8.66 (0.01)

8.21(0.01)
7.97 (0.03)
8.52 (0.02)

5.64 (0.01)

L2
23.86 (0.03)

24.73 (0.09)
21.34(0.07)
22.00 (0.10)
22.80(0.02)
14.93.(0.04)
15.45 (0.11)

14.87 (0.01)
14.30 (0.05)

10.20 (0.03)
10.76 (0.03)
10.13 (0.04)
10.37 (0.01)

8.44 (0.07)
8.60 (0.03)

8.15 (0.01)
7.89 (0.07)
8.45 (0.09)

5.43 (0.02)

Mean
23.79

24.62

21.32

21.79

22.61

14.94

15.38

14.87
14.25

10.26

10.77

10.15

10.32

8.45
8.63

8.18

7.93

8.48

5.53

%
difference
L1/L2
0.66

0.86

0.20

1.95

1.65
-0.20

0.82

0.03
0.65

-1.08
-0.24
—-0.35
1.10

-0.35
-0.62

-0.82
-1.01
-0.92

-3.81

1.23
x 10
2.16
x 10
4.31
x 10™
9.09
x 107
7.05
x 107
2.64
x 10™
5.66
x 107

4.09
x 1073
5.93
x 1073
1.94
x 10™
3.92
x 10™
6.48
x 1073

1.33
x 107
2.22
x 107
2.33
x 107
2.05
x 107
2.14
x 107

Sk
0.11

0.16

0.04

0.31

0.27

0.03

0.11

0.01
0.07

0.08

0.03

0.03

0.08

0.04
0.04

0.05

0.07

0.07

0.15

L1
0.86

0.84

0.79

0.86

0.86

0.81

0.65

0.09
0.86

0.85

0.56

0.66

0.87

0.68
0.85

0.85

0.68

0.81

0.86

En

L2

0.86
0.84
0.79
0.86
0.86
0.81

0.65

0.09
0.86

0.85

0.56

0.66

0.87

0.68
0.85

0.85

0.68

0.81

0.86
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L1 22F17T2F 5.68 (0.01) 5.52(0.02) 5.60 —2.94
L1 23A26E7U 5.54 (0.00) 5.45(0.02) 5.49 -1.68
L1 23D18EOC 5.53 (0.02) 5.38(0.03) 5.46 -2.76

L2 23C25E9G 5.44(0.03) 5.29(0.03) 5.36 -2.81

1.31
x 102
4.14
x 1073
1.09
x 107
1.08
x 107

0.12 0.86 0.86

0.07 0.87 0.87

0.11 0.85 0.85

0.11 0.82 0.82

Abbreviations: L1, laboratory 1; L2, laboratory 2; S2= intralaboratory variance; Sg = interlaboratory

reproducibility standard deviation; Ey = normalized deviation; NS, normal saline.
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Table 2. Interlaboratory Results of Testing for Contamination of Solutions of Caprolactam and D5W

Stored in Infusion Bags

Volume Origin Batch

50 mL

100 mL

250 mL

500 mL

1,000
mL

L1

L1

L1

L2

L1

L1

L1

L2

L2

L1
L1

L1

L1

L2

L2

L1

L1

L1

L1
L2

L1

L1

23A06G63

23A06G63

23A06G63

23F09G63

22G20G62

22G20G62

23A30G62

22F24G62

23D15G61

22K10EAT
23B11E4A

23A13E4U

23H11E4V

22K10EAT

25E15E4D

22K16E8L

23B14E3E

22L20E3L

23C18E1J
23A23E3M

23C16E2A

22J18E2C

Caprolactam content,
mean (SD), mg/L

L1
22.79 (0.01)

22.15 (0.03)
22.17 (0.01)
20.76 (0.01)
16.61 (0.03)
13.64 (0.02)
16.18 (0.01)
14.54 (0.02)
14.83 (0.02)

10.63 (0.00)
10.25 (0.01)

10.35 (0.01)
9.33(0.01)
10.05 (0.01)
9.90 (0.00)
8.32 (0.00)
8.38 (0.01)
7.31(0.01)

8.41(0.01)
8.34 (0.00)

5.41(0.01)

5.45 (0.01)

L2
23.11 (0.05)

22.48 (0.05)
22.49 (0.09)
21.92 (0.10)
16.94 (0.02)
13.76 (0.03)
16.37 (0.02)
14.95 (0.09)
15.29 (0.07)

10.63 (0.05)
10.33 (0.05)

10.56 (0.05)
9.39 (0.04)
10.15 (0.02)
10.05 (0.04)
8.40 (0.01)
8.40 (0.05)
7.45 (0.01)

8.42 (0.05)
8.42 (0.05)

5.50 (0.03)

5.47 (0.03)

Mean
22.95

22.32

22.33

21.34

16.78

13.70

16.28

14.74

15.06

10.63
10.29

10.46

9.36

10.10

9.98

8.36

8.39

7.38

8.41
8.38

5.46

5.46

%
difference
L1/L2
1.39
1.48
1.41
5.30
1.95
0.82
1.16
2.76

2.96

—-0.03
0.77

2.03
0.66
0.98
1.52
0.99
0.32
1.89

0.02
0.94

1.66

0.27

5.10 x
10°
5.48 x
107
4.91 %
107
6.73 %
10
5.45 x
107
6.24 x

1.80 x

1.76 x

4.86 x
10°
1.15x
107
3.46 x

1.15x

Sk
0.23

0.24

0.23

0.82

0.23

0.08

0.13

0.29

0.32

0.02
0.06

0.15

0.05

0.07

0.11

0.06

0.03

0.10

0.02
0.06

0.07

0.02

L1
0.86

0.86

0.86

0.87

0.86

0.84

0.86

0.86

0.86

0.87
0.84

0.86

0.85

0.84

0.87

0.87

0.80

0.86

0.12
0.87

0.86

0.69

En

L2

0.86
0.86
0.86
0.87
0.86
0.84
0.86
0.86

0.86

0.87
0.84

0.86

0.85

0.84

0.87

0.87

0.80

0.86

0.12
0.87

0.86

0.69
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L1

L1
L2
L2

23A30E2B 5.73(0.01)

23A31E2D 5.58 (0.01)
22C18T3H 5.08 (0.01)
22L12E2Z 5.29(0.01)

5.68 (0.06)

5.58 (0.02)
5.10 (0.08)
5.27 (0.02)

571

5.58
5.09
5.28

—-0.86

0.01
0.24
-0.30

0
5.81 x
10°

0.04 0.84 0.84

0.01 0.02 0.02
0.04 0.63 0.63
0.02 0.70 0.70

Abbreviations: L1, laboratory 1; L2, laboratory 2; S = intralaboratory variance; S = interlaboratory

reproducibility standard deviation; Ey = normalized deviation; NS, normal saline.
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Table 3. Mean Caprolactam Content and Theoretical Maximal Daily Dose Administered

Total maximal daily
Caprolactam content, Mean caprolactam  dose of caprolactam

Diluent and mean (SD) global content per administered to
container size value, mg/L container, mg patient, mg
NS 50 mL 22.83 (1.26) 1.14 68.5

NS 100 mL 14.86 (0.42) 1.49 44.6

NS 250 mL 10.37 (0.25) 2.59 311

NS 500 mL 8.34(0.26) 4.17 25.0

NS 1,000 mL 5.49(0.11) 5.49 16.5

D5W 50 mL 22.23 (0.68) 1.11 66.7

D5W 100 mL 15.31 (1.13) 1.53 45.9

D5W 250 mL 10.14 (0.42) 2.53 30.4

D5W 500 mL 8.19(0.41) 4.09 24.6

D5W 1,000 mL 5.43(0.21) 5.43 16.3

Abbreviations: D5W, 5% dextrose in water; NS, normal saline.
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Table 4. Influence of pH on Caprolactam Content

pH Caprolactam Caprolactam
content at content at
day 0, mg/L day 15, mg/L

2 14.96 14.69

4 14.80 14.91

6 15.12 15.20

8 14.66 14.98

10 14.71 14.76

$20Z 1snBNy € Uo J8sn 9z66 INYISNI A1ebinsoinaN [euonound Aq 8002/ Z/v0zeexz/dule/s601 01 /10p/ao1e-aoueApe/dyle/woo dno-oiwspeoe//:sdiy Wolj papeojumo(]



