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Abstract

Two different in vitro tests for pyrogens, using human peripheral blood monocytes (PBMNC) and diluted whole blood (WBC),
respectively, were applied to different classes of parenteral medicinal products. Many of these products did not have a specified
endotoxin limit concentration that was established as the maximum valid dilution to comply with the test. The results of the in
vitro tests for pyrogens were compared with the results fronitmellus amoebocyte lysate (LAL) and rabbit pyrogen tests. The
Second International Standard for endotoxin was used to calibrate all of the assays and the International Standard for IL-6 was
used to calibrate the IL-6 ELISA which provided the readout for the in vitro tests for pyrogens. Preparatory tests were conducted
to ensure that the “criteria for validity and precision of the standard curve” were satisfied and that the drugs being tested did not
interfere in the tests. The PBMNC/IL-6 test had a detection limit of 0.06 EU/ml and spike recoveries were 62—165%. The whole
blood/IL-6 test also had a detection limit of 0.06 EU/ml and spike recoveries were 58-132%. The application to the detection
of non-endotoxin pyrogens needs to be evaluated in more detail, but the two in vitro tests for pyrogens showed good agreement
overall, both with each other and with the LAL test and the rabbit pyrogen test for the detection of endotoxins.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction are two pharmacopoeial tests for pyrogenic contami-
nation: the rabbit pyrogen test and thienulus amoe-
Parenteral pharmaceutical products must be free bocyte lysate (LAL) test. The rabbit pyrogen test in-
of pyrogens from Gram-negative or -positive bacte- volves measuring the rise in body temperature evoked
ria, fungi and viruses. The pyrogens most frequently in rabbits by the intravenous injection of the solution
encountered in pharmaceutical products are bacterialbeing examined. The rabbit test uses experimental an-
endotoxins (lipopolysaccharides, LPS) from the cell imals, is costly and is not quantitative. The princi-
walls of Gram-negative bacteridM@scoli and Weary, ple of the LAL test is the extracellular coagulation of
1979a, 1979p Humans are particularly sensitive to the blood ofLimulus polyphemus (Levin and Bang,
bacterial products and these LPS induce the whole 1964); this test is more sensitive but detects only LPS
cascade of defence mechanisms which comprise in-from Gram-negative bacteria and can give false nega-
flammation and feverHennrich et al., 1999 There tive and false positive result®gole et al., 1988; Ray
etal., 1990; Taktak et al., 1991; Fennrich et al., 1999
"+ Corresponding author. Tek:55-55-220-8805: In view of the shortcom_ings_ of the rabbit pyro-
fax: +55-55-220-8805. gen test and the LAL test, in vitro pyrogen tests that
E-mail address: sdalmora@ccs.ufsm.br (S.L. Dalmora). utilise the exquisite sensitivity to exogenous pyrogen
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of human monocytes have been proposedf{ and antibodies and biotinylated goat polyclonal anti-IL-6
Atkins, 1982; Dinarello et al., 1984; Poole et al., 1988; antibodies were kindly donated by the National In-
Poole et al., 1989; Hansen and Christensen, 1390 stitute for Biological Standards and Control (NIBSC)
man monocytes react to the presence of endotoxins by(Herts, UK). Avidin-horseradish-HRP was from Dako
increasing the release of interleukin (IL)-6 and IB=1 (Glostrup, Denmark). Tween-20-phenylenediamine
Initially, cytokines released from separated leukocytes (OPD) and Histopaque-1077 were purchased from
(Dinarello et al., 198Y%or leukocytic cell linesiPoole Sigma (St. Louis, MO, USA). RPMI-1640 growth
et al., 1988 were used to detect pyrogens. Cell cul- medium and heat-inactivated foetal calf serum
ture tests produced comparable results to the LAL test (HIFCS) were from Gibco (Grand Island, NY, USA).
and the rabbit pyrogen test, with fewer false positives Limulus amoebocyte lysate reagent, 0.06 EU/ml was
than the LAL test Eperon et al., 1997 However, the from Cape Code (Falmouth, MA, USA). Heparin
isolation of monocytes/leukocytes from whole blood (5000 IU/ml) was from Roche (S&o Paulo, SP, Brazil).
is labour-intensive and time-consuming and does not Escherichia coli (ATCC 25922), Candida albicans
guarantee the isolation of cells in a non-activated state. (ATCC 10231) andSaphylococcus aureus (ATCC
To obviate the disadvantages of test systems based6538P) from the Industrial Pharmacy department
upon isolated white blood cells or monocytic cell (Santa Maria, RS, Brazil). Parenteral pharmaceutical
lines, a simple test system has been proposed thatproducts were used, in some cases different batches
utilises the stimulation by pyrogen/LPS of human of the same product, all within their period of valid-
whole blood to produce either ILgL (Hartung and ity. Other reagents and plasticware were purchased as
Wendel, 1996; Fennrich et al., 1996r IL-6 (Pool sterile and pyrogen-free and glassware was baked at
et al.,, 1998; Poole and Gaines Das, 200The 250°C for 1 h prior to use.
whole-blood in vitro pyrogen test offers the consid-
erable advantage of not requiring the isolation of the 2.2. Methods
cells and, moreover, is carried out in the presence of
all the blood constituents with which monocytes usu- 2.2.1. Rabbit in vivo pyrogens test
ally reside. The ethical and safety aspects related to The rabbit pyrogens test was carried out using
the use of human blood are considered and acceptedhealthy New Zealand White rabbits, injecting the
in the context of the replacement and refinement of maximum volume of 10 ml per kg in accordance with
the pyrogens assays of the parenteral preparations. the specifications of the USRIGP 25, 200}
The aims of the present study were, firstly, to evalu-
ate the novel in vitro pyrogen assays based on the cul-2.2.2. LAL test for endotoxins
ture of human peripheral blood monocytes and human The LAL gel cloth test was carried out in accor-
whole blood cells, and, secondly, to compare these dance with the requirements of the Pharmacopoeias
with the LAL test and the in vivo rabbit pyrogen test (USP 25, 2001; Ph. Eur., 20D2Preparatory tests
for the screening of parenteral pharmaceutical prod- were conducted to ensure that the “criteria for valid-
ucts, with a view to their evaluation as possible alter- ity and precision” were satisfied and that the drugs
natives to the current tests for pyrogens/endotoxin.  being tested did not themselves interfere in the tests.
Interference testing on the products was carried out
according to the harmonised Pharmacopoeial LAL

2. Materials and methods method.
2.1. Materials 2.2.3. Enzyme-linked immunosorbent assay (ELISA)
of IL-6
2.1.1. Reagents, standards and antibodies The ELISA of IL-6 was carried out according to

Second International Standard bacterial endotoxin a previously published methoddktak et al., 1991
(WHO 94/580, 10 000 EU/vial), International Stan- and the detection limit calculated as 3.&he standard
dard human recombinant interleukin-6 (WHO 89/548, deviation of the response divided by the slope of the
1.g/100 000 IU/ampoule), goat polyclonal anti-IL-6 calibration curve Poole and Gaines Das, 2001
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2.2.4. Human peripheral blood monocytes cell either neat or diluted (expressed as the minimum
culture assay (PBMNC) valid dilution), without exceeding the maximum valid
Human blood monocytes were isolated from buffy dilution, defined by the endotoxin limits specified
coat residues of heparinised peripheral blood from in the Pharmacopoeias or calculated on the basis of
healthy donors by density gradient centrifugation us- the threshold human pyrogenic dose of endotoxin
ing Histopaque-1077 and used immediately after the and the maximum human dose of the product per
isolation. The heparinised peripheral blood was di- kg of body weight USP 25, 200}, was spiked at
luted 1:1 with RPMI-1640 and 30 ml of this solution a concentration equal to or near the middle of the
was layered onto 15 ml of Histopaque-1077 in a 50 ml standard curve. The sample was considered free of in-
test-tube and centrifuged at 460g for 40 min. The terfering factors if the measured concentration of the
upper layer of plasma was discarded and the PBMNC endotoxin added to the sample solution was within
layer at the interface of the plasma and histopaque was50-200% of the known added endotoxin concen-
removed, washed twice in RPMI-1640 (250 g, 10 min) tration after subtraction of any endotoxin detected

and resuspended at2L0° cells/ml in culture medium
(RPMI-1640) containing 2% HIFCS. The PBMNC as-
say was carried out in 96-well microtitre plates as in-

dependent assays with four replicates for each of the

in the solution to which endotoxin had not been
added.

three donors. Samples and endotoxin standard were3. Results

added at 5Qu1 per well, respectively. RPMI-1640 con-
taining 2% HIFCS was added to each well at 100
per well and 10Qul per well of isolated monocytes cell
suspension, at 2 10° cells/ml, were added to achieve
a final volume of 25@l. The plate was incubated at
37°C for 16-24h in an atmosphere of 5% @
humidified air. Finally, the cell supernatant was col-
lected and assayed for IL-6 by ELISA and the results
combined.

2.2.5. Human whole blood cell culture assay (WBC)
Immediately after venous puncture, heparinised
blood samples from three healthy donors were di-
luted 1:3 with 0.9% (w/v) saline solution. The assay
was carried out in 96-well plates with four replicates.
Samples and endotoxin standard were added af 50
per well, respectively. Saline solution was added to
each well at 5Qul per well, and 15Q.l per well of
the diluted whole blood were added to give a final
volume of 25Qul. The plate was incubated at 3C
for 16—24 h in an atmosphere of 5% @ humid-
ified air. Finally, the cell supernatant was collected
and assayed for IL-6 by ELISA.

2.2.6. Test for interfering factors
This test was performed on the PBMNC and WBC
by incubating the PBMNC or blood from three differ-

3.1. Human peripheral blood monocytes assay
(PBMNC)

A typical standard curve from the ELISA of the
First International Standard for interleukin-6 was con-
structed with concentrations in triplicate from 3.9 to
2000 pg/ml, obtainingk? = 0.9966, and the standard
curve of the Second International Standard for bacte-
rial endotoxin at concentrations from 0.06 to 1 EU/mI
giving an R? = 0.9974, by the PBMNC (data not
shown).

The ELISA of IL-6 was used to quantify endotoxin-
evoked immunoreactive IL-6 production by mono-
cytes from human peripheral blood. Concentrations
of IL-6 secreted by cells incubated for 16—24 h with
E. coli endotoxin are shown ifig. 1

The detection limit for bacterial endotoxins was
0.06 EU/ml established in 10 independent assays, each
one with three standard curves, with a mean value of
0.06+ 0.015 EU/m.

3.1.1. Interference

Three independent assays were performed for all
the parenteral pharmaceutical products and the results,
presented inrable 1 show that all the samples were
free of interference. The spike recovery from the lower

ent donors with endotoxin standard at concentrations valid dilution after spiking with 0.250 EU/mI of the

of 0.06, 0.125, 0.25, 0.50 and 1.0 EU/ml according
to the validation of the method. The sample solution,

Second International Standard for bacterial endotoxin
was between 62 and 165%.
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Fig. 1. The dose—response curves for immunoreactive IL-6 secretion by human peripheral blood monocytes stimulated with the Second
International Standard of bacterial endotoxin, wh&fe= 0.9975 andy = 854.01x + 4.4667.

The comparative results of the PBMNC test, the The values are expressed in EU/ml by the relation-
LAL test and the in vivo rabbit pyrogen test are shown ship between the minimum valid dilution without
in Table 2 The data show the different detection limits interference and the sensitivity of the PBMNC.
and the minimum valid dilution interference-free for
the PBMNC, always with concentrations, in EU/ml, 3.2. Human whole blood cell culture assay (WBC)
lower than that of the maximum valid dilution ac-
cepted. It should be noted that the products identified The standard curve for the Second International
as ampicillin A, B and erythropoietin C were initially =~ Standard of bacterial endotoxin was generated with
tested for LAL-reactiveB-glucan, giving the values the concentrations of 0, 0.03, 0.06, 0.125, 0.25, 0.50,
153.6-307.2, 30.72-61.44 and 1.92-3.84 EU/mlI, re- 1, 2, 4 and 8 EU/mI, showing a linear region between
spectively, showing the interference of the reagent. 0.06 and 1 EU/ml withR? = 0.9925 and a sensitivity
Table 2shows the LAL-non-reactivB-glucan results.  of 0.06 EU/ml.

Table 1
Results of the interference test of pharmaceutical products by the human peripheral blood monocytes assay (PBMNC)
Product Endotoxin limit Maximum valid Minimum valid Spike recovery (%)
dilution dilution
Human serum albumin 20% 0.025 EU/fng 1:83 1:80 122+ 17
Ampicillin 2000 mg/5 ml 0.15EU/mg 1:500 1:100 158 18
Enoxaparin 100 mg/ml 0.01 EU/U anti-Xa 1:1666 1:20 1ao0
Erythropoietin 4000 IU/vial 5EU/4000 Wu 1:83 1:20 152+ 15
Erythropoietin 2000 IU/vial 2.5 EU/2000 fU 1:42 1:20 147+ 12
recG-CSF 300 mcg/vial 2 EU/MRI 1:33 1:10 155+ 26
Calcium folinate 50 mg/5 ml 0.6 EU/Mg 1:100 1:40 98+ 17
Gentamicin 80 mg/2 ml 1.7 EU/mg 1:1133 1:50 628
Insulin 100 U/ml 80 EU/100U 1:1333 1:50 158 29
Metoclopramide 10 mg/2 ml 2.5EU/mg 1:208 1:50 6514
Oxacilin 500 mg/5 ml 0.2EU/mg 1:333 1:50 1205
Pantoprazol 40 mg/10 ml 8.75EU/fhg 1:583 1:50 99+ 12
Ranitidine 25 mg/ml 7.0EU/mg 1:2917 1:100 15625
Saline solution 0.9% 0.5EU/mI 1:8.4 1:5 M7
Tenoxican 40 mg/2ml 8.75 EU/rAg 1:2916 1:100 165t 15

a8 Mean+ SD. (n = 3).
b Calculated.
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Table 2
Comparative results of pyrogens evaluation in pharmaceutical products by the human peripheral blood monocytes assay (PBMNC), the
Limulus amoebocyte lysate (LAL) test and the rabbit pyrogen test

Product Number of batches PBMNC (EU/ml) LAL (EU/mI) Rabbit test
Ampicillin 2000 mg/5ml A 1 <6 <0.06 Pass
Ampicillin 2000 mg/5ml B 1 <6 <0.06 Pass
Gentamicin 80 mg/2ml 2 <3 <0.06 Pass
Oxacilin 500 mg/5 ml 2 <3 <0.06 Pass
Enoxaparin 100 mg/ml 3 <1.2 <0.06 Pass
Insulin 100 U/ml 2 <3 <0.06 Pass
Tenoxican 40 mg/2 mi 1 <6 <0.06 Pass
Metoclopramide 10 mg/2 ml 4 <3 <0.06 Pass
Calcium folinate 50 mg/5 ml 1 <2.4 <0.06 Pass
Ranitidine 25 mg/ml 2 <6 1.2-2.4 Pass
Pantoprazol 40 mg/10 mi 1 <3 <0.06 Pass
Human serum albumin 20% 1 <4.8 0.48-0.96 Pass
Erythropoietin 4000 IU/vial A 1 <1.2 0.48-0.96 Pass
Erythropoietin 2000 IU/vial B 1 112+ 17 491.5-983 Fail
Erythropoietin 4000 IU/vial C 1 <1.2 <0.06 Pass
recG-CSF 300 mcg/vial A 3 <0.6 <0.06 Pass
Saline solution 0.9% A 1 <0.3 <0.06 Pass

a8 Mean+ S.D. (n = 3).

The ELISA of IL-6 was used to quantify endotoxin-  property of the cells from an individual donor to syn-
evoked immunoreactive IL-6 secretion by the WBC. thesise and release IL-6. Due to the variation of slopes
The effects of variation between donors were also for endotoxin-stimulated IL-6 secretion, an endotoxin
investigated and it can be seen frdfig. 2 that, al- standard curve must be included for each experiment
though there was great variation between the amountsand the concentration of pyrogens is expressed in
of IL-6 secreted by different individuals, there is a relation to the standard.
linear relationship between IL-6 secretion and the A comparison of the sensitivity to specific pyro-
amount of endotoxin added to the culture for endo- genic sources was carried out by incubating the blood
toxin concentrations above 0.06 EU/mI. These results with the dilutions of the inactivated Gram-negative
indicate that the slope of the curve is an inherent bacteriumE. coli, the fungusC. albicans and the
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Fig. 2. Interleukin-6 secretion by human whole blood cell cultures from three different doqril( 4) upon stimulation with the
Second International Standard of bacterial endotoxin. Data 4) are meant S.D.
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Gram-positive bacteriunt. aureus, which contain
pyrogenic components other than endotoxig. 3
shows the sensitivity in each case and the linear-

132% (Table 3, demonstrating the absence of inter-
ference.
The parenteral pharmaceutical products were as-

ity between the concentration and quantity of IL-6 sessed by the WBC assay, and comparing this with the
released with the standard deviation, demonstrat- rabbit pyrogen test and the LAL teskable 4. Dex-

ing the efficiency of the assay for the detection of amethasone was also tested with concentrations within
these possible pyrogen contaminants. The dilution 0.4 and 0.002 mg/ml, although it gave no response,
of 25,000 cfu/ml gave levels of IL-6 secretion of probably because it inhibits/abolishes the production

112 pg/mil forE. coli, 33.55 pg/ml forC. albicans and
50.77 pg/ml forS aureus, that are comparable to the
mean responses (= 3) obtained with QL6 £ 0.02,
0.07 £ 0.014 and 9 £ 0.02 EU/mI, respectively

of IL-6.

The WBC assay was also used for the evaluation
of pharmaceutical products spiked with 25 EU/ml of
the Second International Standard of bacterial endo-

of the Second International Standard of Bacterial toxin. This dose is nearly double the 13.81 EU/mI per

endotoxin.

3.2.1. Interference

kg of body weight that was previously shown experi-
mentally to induce a positive response in rabbits with
an individual increase in temperature of 0G% (data

The interference test was carried out giving not shown). The results for three independent donors
spiked recovery values of the bacterial endotoxins, show significant reproducibility and a calculated spike

added to the lower valid dilution, within 58 and

Table 3

recovery Table § of between 82 and 117%.

Results of the interference test of pharmaceutical products by the human whole blood cell culture assay (WBC)

Product Endotoxin limit Maximum valid Minimum valid Spike recovery (%)
dilution dilution
Human serum albumin 20% 0.025 EU/fng 1:83 1:40 88+ 11
Amikacin 500 mg/2 ml 0.33EU/mg 1:1375 1:200 9018.5
Ampicillin 2000 mg/5 ml 0.15EU/mg 1:500 1:100 10
Ketoprofen 100 mg/2 ml 3.5EU/Mg 1:2917 1:100 72+ 75
Cytarabine 100 mg/5 ml 0.07 EU/mg 1:23 1:20 6316
Diclofenac 75 mg/3ml 4.7 EU/nfg 1:1958 1:200 76+ 9.0
Dipyrone 500 mg/ml 0.35EU/Mg 1:2917 1:400 96+ 10
Enoxaparin 100 mg/1 ml 0.01 EU/U anti-Xa 1:1666 1:10 PL6
Erythropoietin 4000 IU/vial 5EU/4000 Y 1:83 1:10 88+ 5.0
recG-CSF 300 mcg/vial 2 EU/MRI 1:33 1:10 93+ 2.5
Calcium folinate 50 mg/5 ml 0.6 EU/RI 1:100 1:10 132+ 22
Furosemide 10 mg/ml 3.6 EU/mg 1:600 1:10 £88.0
Gentamicin 80 mg/2 ml 1.7 EU/mg 1:1133 1:100 F75.0
Heparin 5000 IU/mlI 0.03EU/U 1:2500 1:10 W 20
rec-hGH 4 1U/vial 5EU/mg 1:133 1:20 94 2.0
Insulin 100 U/ml 80 EU/100U 1:1333 1:100 B 7.0
Metoclopramide 10 mg/2 ml 2.5EU/mg 1:208 1:50 16419
Oxacilin 500 mg/5ml 0.2EU/mg 1:333 1:100 %P 21
Pantoprazol 40 mg/10 ml 8.75EU/fg 1:583 1:100 95t 1.5
Ranitidine 25 mg/ml 7.0EU/mg 1:2917 1:100 848.5
Saline solution 0.9% 0.5EU/mI 1:8.4 1:5 M2
Glucose 0.5% 0.5EU/mI 1:8.4 15 9B 2.5
Tenoxican 40 mg/2ml 8.75 EU/rAg 1:2916 1:100 82+ 10
Vancomycin 500 mg/5 ml 0.33EU/mI 1:550 1:100 12419
Vitamin K 10 mg/ml 17 EU/mI 1:2333 1:100 7E 1

a8 Mean+ SD. (n = 3).
b Calculated.
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Table 4

121

Comparative evaluation results of pharmaceutical products from the human whole blood cell culture assayL(W&G3,amoebocyte

lysate test (LAL) and the rabbit pyrogen test

Products Number of batches WBC (EU/mI) LAL (EU/mI) Rabbit test
Dipyrone 500 mg/ml 3 <24 <0.06 Pass
Amikacin 500 mg/2 ml 2 <12 <0.06 Pass
Ampicillin 2000 mg/5ml A 1 <6 <0.06 Pass
Ampicillin 2000 mg/5ml B 1 <6 <0.06 Pass
Gentamicin 80 mg/2 mi 2 <6 <0.06 Pass
Oxacilin 500 mg/5 ml 2 <6 <0.06 Pass
Vancomycin 500 mg/5 ml 2 <6 <0.06 Pass
Enoxaparin 100 mg/ml 3 <0.6 <0.06 Pass
Heparin 5000 IU/ml 2 <0.6 <0.06 Pass
Insulin 100 U/ml 3 <6 <0.06 Pass
Ketoprofen 100 mg/2 ml 1 <6 <0.06 Pass
Diclofenac 75 mg/3 ml 1 <12 <0.06 Pass
Tenoxican 40 mg/2 mi 2 <6 <0.06 Pass
Metoclopramide 10 mg/2 ml 3 <3 <0.06 Pass
Cytarabine 100 mg/5ml 1 <1.2 <0.06 Pass
Calcium folinate 50 mg/5 ml 1 <0.6 <0.06 Pass
Ranitidine 25 mg/ml 1 <6 1.2-2.4 Pass
Pantoprazol 40 mg/10 mi 1 <6 <0.06 Pass
Furosemide 10 mg/ml 2 <0.6 <0.06 Pass
rec-hGH 4 IU/vial A 2 <12 <0.06 Pass
rec-hGH 4 |U/vial B 1 12.4+ 2.5 15.84-31.68 Pass
Human serum albumin 20% 1 <2.4 0.48-0.96 Pass
Erythropoietin 4000 IU/vial A 1 0.76 0.48-0.96 Pass
Erythropoietin 2000 IU/vial B 1 148 2.8 491.5-983 Fail
Erythropoietin 4000 IU/vial C 1 <0.6 <0.06 Pass
recG-CSF 300 mcg/vial 3 <0.6 <0.06 Pass
Saline solution 0.9% A 2 <0.3 <0.06 Pass
Saline solution 0.9% B 1 44.8 52 48-96 Fail
Glucose 0.5% 1 2054 95° 1920-3 840 Fail
Vitamin K 10 mg/ml 2 <6 <0.06 Pass
2 Mean+ SD. (n = 3).
Table 5 4. Discussion

Human whole blood cell culture assay (WBC) spiked recovery of
parenteral pharmaceutical products with 25 EU/ml of the Second
International Standard for bacterial endotoxin

Products Endotoxin  Spike recovery
added (EU/mI)@
(EU/ml)
Erythropoietin 4000 IU/vial 25 23.3 4.0
recG-CSF 300 mcg/vial 25 221 2.0
Calcium folinate 50 mg/5 ml 25 29.2 6.0
Furosemide 10 mg/ml 25 218 1.6
Heparin 5000 IU/ml 25 278 21
rec-hGH 4 [U/vial 25 20.5+ 2.3
Saline solution 0.9% 25 242 1.8
Vancomycin 500 mg 25 29.2 5.6

2 Mean+ SD. (n = 3).

Among the methodologies investigated as in vitro
alternatives for the assay of pyroger@ktak et al.,
1991; Eperon and Jungi, 1996; Moesby et al., 999
the human whole blood cell culture (WBOHlértung
and Wendel, 1996; Pool et al., 199%8nd the human
PBMNC (Hansen and Christensen, 19396sts were
chosen for further study considering the importance
and necessity of these alternatives for the quality con-
trol of parenteral preparations.

With regard to the choice of readout (measured vari-
able), immunoreactive IL-6 was considered the most
appropriate because this is secreted entirely into the



122 SS Andrade et al./International Journal of Pharmaceutics 265 (2003) 115-124

1200 - The PBMNC test was pre-validated and the inter-
1000 | ference testTable J satisfied the specifications with
spike recovery limits between 50 and 200%&f{nke
et al., 2000; Poole and Gaines Das, 208fd, since
600 - the samples are known to be interference-free, this test
400 1 is not necessary in subsequent analysis.
Pharmaceutical products were assayed by the
PBMNC, Limulus amoebocyte lysate and rabbit
0 ' ' ' ' ' pyrogen tests Table 2. The methodologies under
200 § 50000 100000 150000 200000 250000 investigation gave comparable results (though with
) Escherichia colf (cfu/mL) approximately 100 times lower sensitivity) to the
3000 LAL test and, with certain products, such as with the
sample of recombinant human erythropoietin B, they
were more robust than the LAL test, being less prone
to inhibition by interfering factors.
Compared to the other tests, the PBMNC test re-
quires more sophisticated techniques and expensive
R%=0.9983 reagents. In general, the PBMNC/IL-6 test is less
0e : : , : : prone to product interference than the WBC/IL-6,
) 0 50000 Caniz(fsiﬂca ;:((’Sfi’ﬁmu 200000 250000 permitting less dilute drugs to be tested. This is very
important because non-endotoxin pyrogens dilute out
1200 - more rapidly than endotoxin, so the WBC for pyro-
gens/LPS cytokines induction was evaluated in paral-
lel with the PBMNC test. This followed consideration
of the practical advantages including absence of the
need for cell separation and, in addition, the fact that
the monocytes/leukocytes are cultured in the pres-
R?=0.9942 ence of all the blood components with which they are
normally found in vivo Hartung and Wendel, 1996;
Pool et al., 1998 It is relevant to point out the use in
both methods of freshly isolated human blood, that is
Fig. 3. Interleukin-6 secretion in human blood cell culture incu- associated with some shortcomings related to the risk
bated in the presence of (A. coli, (B) C. albicans and (C)S of infection, as well as ethical concerns, but this is
aureus. Data f = 4) are mean: S.D. justified by the necessity for the development of new
alternatives to the existing assays for the evaluation of
blood/medium, in large quantities, permitting its accu- pyrogens contamination of pharmaceutical products.
rate estimationRoole et al., 1989; Taktak et al., 1991; Variations in the individual responses were ad-
Moesby et al., 1999; Poole and Gaines Das, 2001 dressed by examining in parallel, in the same culture
Also, a recent study by Nakagawa from the Japaneseplate, the Second International Standard of bacterial
NIH compared TNk, IL-1B and IL-6 as readouts, endotoxin. This was the logical choice as the stan-
with diluted whole blood and a monocytic cell line as dard considering the observations that Gram-negative
the cellular sources, and reported that the structurally bacteria are the most frequent contaminants found in

800 4

200 A R?=0.9954

Interleukin-6 (pg/mL)

>

2500
2000
1500
1000

Interleukin-6 (pg/mL)

100000 200000 300000 400000 500000 600000
© Staphylococcus aureus (cfu/mL)

diverse pyrogens endotoxin, peptidoglyc&naureus pharmaceutical productsldhnke et al., 2000; Poole
Cowan 1 and poly(IC) all stimulated the release of and Gaines Das, 20D1
more IL-6 than either TNé& or IL-13. More impor- The pre-validation of the WBC assay was confirmed

tantly, IL-6 was induced by lower concentrations of by the linearity of the dose—response curve and the in-
each pyrogen than were required to induce &N#d terfering factors test suggested for this methodology
IL-18 (Nakagawa et al., 2002 (Hartung and Wendel, 1996; Jahnke et al., 2000e
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spike recovery from the lower dilution without inter- material in growth hormone produced by recombinant
ference was between 50 and 200%, and satisfied the Escherichia coli. J. Clin. Microbiol. 20, 323-329.

criteria for freedom from interferencddhnke et al., ~ Pufh &:W. Atkins, E., 1982. The detection of endotoxin by in vitro
production of endogenous pyrogen: comparison with Limulus

2000; Poole and Gaines Das, 2001 amebocyte lysate gelation. J. Immunol. Methods 52, 323-
The pharmaceutical products exhibited consistency  332.

between the WBC assay, the LAL and the rabbit Eperon, S., De Groote, D., Werner-Felmayer, G., Jungi, T.W.,

pyrogen test, considering the specifications for the 1997. H‘uman‘monocytoid cell Iines_ as indicators of endotoxin:

endotoxin limits, although the quantitative results ~ COMParison with rabbit pyrogen ahgmulus amoebocyte lysate

. d duciblakl R assay. J. Immunol. Methods 207, 135-145.
were more precise and reproduci Gﬂb e 4 epro- Eperon, S., Jungi, T.W., 1996. The use of human monocytoid lines

ducibility was also evaluated with the spiked samples  as indicators of endotoxin. J. Immunol. Methods 194, 121-129.
(Table 5, which presented a mean recovery value of European pharmacopoeia, 4th ed. European Department for the
98.8%. Quality of Medicines, Strasbourg, 2002.

The WBC assay was evaluated in more detail since, Fennrich, S., Fischer, M., Hartung, T., Lexa, P., Montag-Lessing,

L. . T., Sontag, H.-G., Weigandt, M., Wendel, A., 1999. Detection
similar to the PBMNC, it can accurately detect the of endotoxins and other pyrogens using human whole blood.

pyrogenic status of the pharmaceutical products. The  pey. Bjol. Stand. 101, 131-139.

former has advantages over the rabbit assay in that it iSHansen, W.E., Christensen, D.J., 1990. Comparison of cultured
more sensitive and, unlike the LAL assay, it can detect ~ human mononuclear cells.imulus amebocyte lysate and
pyrogens other than endotoxin from Gram-negative rabbits in the detection of pyrogens. J. Clin. Pharm. Ther. 15,

. . - . 425-433.
bacteria as demonstrated in the experiment with Hartung, T., Wendel, A., 1996. Detection of pyrogens using human

Gram—positive bacteriaH{g. 3), despite being a less whole blood. In Vitro Toxicol. 9, 353-359.
potent inducer of IL-6 than the Gram-negative bac- jahnke, M., Weigand, M., Sonntag, H.-G., 2000. Comparative

teria. The two in vitro tests for pyrogens exhibited testing for pyrogens in parenteral drugs using the human whole
good agreement overall, both with each other and blood pyrogen test, the rabbit in vivo pyrogen test and the

with the LAL test and the rabbit pyrogen test for the AL test Eur. J. Parenteral Sci. 5, 39-44. .
Levin, J., Bang, F.B., 1964. A description of cellular coagulation

detection of the_ endotoxins that are the pyrogens that ~ " "y.c Limulus. Bull. Johns Hopkins Hosp. 155, 337-345.
Usua"y Contamlnate drUgS. Addltl0n8.| WOI’k ﬂeedS tO Masc()”' CC| Weary’ ME’ 19794.imulus amebocyte |ysate

be performed to evaluate the two assay systems for (LAL) test for detecting pyrogens in parenteral injectable
the detection of non-endotoxin pyrogens. The experi- products and medical devices: advantages to manufacturers and

ments reported here on the application of the in vitro  "égulatory officials. J. Parenter. Drug Assoc. 33, 81-95.
standardised and validated assavs to a broader ClaSéVIaSCO“' C.C., Weary, M.E., 1979b. Applications and advantages of
y the Limulus amebocyte lysate (LAL) pyrogen test for parenteral

of medici_nal products extend the data i_n the literature  jnjectable products. Prog. Clin. Biol. Res. 29, 387-402.
and provide important new results, which represent a Moesby, L., Jensen, S., Hansen, W.E., Christensen, J.D., 1999. A
contribution towards the application of these tests to comparative study of Mono Mac 6 cells, isolated mononuclear

improving the quality control of parenteral prepara- cells andLimulus amoebocyte lysate assay in pyrogen testing.
tions Int. J. Pharm. 191, 141-149.
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