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SUMMARY. In the present study, the feasibility to employ the in vitro pyrogen test (IPT) in the validation
of depyrogenation process is presented. As one of the main advantages of IPT is its ability to determine py-
rogen absorbed to the container surface, direct incubation of diluted whole blood with the endotoxin indi-
cator was first attempted. It was not possible to quantify the endotoxin in control indicators due to the
high content, which is discussed. However, it was possible to demonstrate that indicators subjected to the
depyrogenation process were indeed pyrogen free, a quality that is difficult to assure when the LAL assay
is employed in extract of indicators or medical devices. On the other hand, IPT performed as well as LAL
when endotoxin was previously extracted from the indicator surface. Finally, some conditions for incuba-
tion of whole blood with the test surface and to dilute the supernatant obtained from the incubation are
presented. 

INTRODUCTION
Access of endotoxin into the systemic circu-

lation can lead to severe damages to the human
health, including fever, shock and death. Endo-
toxins are exogenous pyrogens located in the
outer membrane of Gram negative bacteria.
There are other classes of pyrogens such as
peptidoglycan, lipoteichoic acid, certain viruses,
steroids, and enterotoxins 1.

The production of pharmaceuticals includes
depyrogenation procedures in order to assure
that parenteral products and medical devices are
free of pyrogens. The Limulus Amebocyte Assay
(LAL) is widespread employed in the validation
of depyrogenation processes and in pyrogen
batch release of medical devices. However, the
Limulus test has disadvantages such as occur-
rence of false positives 2, and low and variable
recovery when extracts of solid surfaces are test-
ed 3. The level of endotoxin recovery will de-
pend on endotoxin purity, excipients, the

method used to fix the endotoxin to the con-
tainer surface, and the class of surface (glass or
plastic) 3.

Hartung & Wendel 4 described a novel pyro-
gen test using human whole blood. This test is
based on the response of blood cells, mainly
monocytes and macrophages, to external pyro-
gens causing the release of endogenous pyro-
gens such as IL-1β, TNF-α and IL-6 5-8. There are
reports suggesting the potential advantages of
the novel pyrogen test to assess medical devices
9. The method has been successfully applied for
testing different classes of pyrogens in polymer-
ic surfaces where the use of LAL presents seri-
ous disadvantages 10.

The aims of the present study are to evaluate
the performance of the new pyrogen test in the
validation of depyrogenation processes, and fi-
nally to confirm its use as end product pyrogen
test for medical devices. 
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MATERIAL AND METHODS 
Validation of depyrogenation process 

Endotoxin indicators used in this study were
produced in the Centro de Investigación y De-
sarrollo de Medicamentos. Each vial contains E.
Coli 055:B5 endotoxin with 2400 EU as deter-
mined by LAL assay. In the validation of depy-
rogenation, the level of endotoxin in control
(non-treated), and treated indicators was deter-
mined. Treated indicators were those subjected
to a depyrogenation cycle by dry heat at 250 °C
for 30 min. 

In vitro pyrogen test 
Blood collection 

Five millilitres of blood from human healthy
volunteers were drawn using a syringe
(Multifly®, Sarstedt) connected to a tube coated
with sodium heparin (S-Monovette®, Sarstedt,).
This system avoids the contact of the whole
blood with the environment and hence reduces
the risk of microbial contaminations which can
lead to false positives. 

Incubation conditions 
First, an experiment was designed to evalu-

ate the level of IL-1β obtained from the whole
blood incubation with the indicators with or
without shaking at 37 °C. In addition, as IL-1β is
not a quite stable protein, it was decided to
evaluate diluents such as physiological saline
and human plasma to produce the different di-
lutions of the protein. Hundred microlliliters of
whole blood and 1.1 ml of saline were added
into four indicator vials and were incubated 24
h at 37 °C. Three vials were incubated with
shaking while the other three were resting.
Twenty-four hours later, the content of each vial
was homogenized, and centrifuged at 12000g 3
min. The supernatant was diluted either with
physiological saline solution or human plasma
to 1/5, 1/10 and 1/50 to determinate IL-1β by
ELISA. Result were analyzed using one way
ANOVA to compare the optical density of sam-
ples incubated with or without shaking, and di-
luted with saline or plasma.

Determination of IL-1β level obtained by direct
incubation of whole blood with the indicator
surface 

Hundred microlliter of whole blood and 1.1
ml of saline were added to each endotoxin indi-
cator. Each vial was incubated at 37 °C for 24 h.
The supernatant was obtained as described
above and diluted in two fold dilution step with
saline for IL-1β determination. 

Determination of IL-1β response in indicators
extracts. 

The extracts were obtained using the same
methodology used to test in Limulus assay 11.
Briefly, one milliliter of pyrogen free water was
added to each indicator (treated and control)
and vortex for one minute each ten minute dur-
ing an hour. In control indicators, the extract
was diluted 1/1000 with pyrogen free water,
and thereafter two fold dilutions were prepared.
Treated indicator extracts were directly diluted
in a two fold serial dilution. Hundred microl-
liters of each extract were incubated with 100 µl
whole blood and 1 ml saline for 24 h at 37 °C.
Whole blood incubation was carried out as de-
scribed above. Supernatants were directly em-
ployed in IL-1β determination. 

ELISA determination of IL-1 β
Determination of IL-1β level was conducted

using ELISA Endosafe-IPT (InVitro Pyrogen Test)
according to the manufacturer instruction. Endo-
toxin quantification was conducted using the su-
pernatant of a 1 log. endotoxin standard curve
incubated with the whole blood. Valid quantita-
tive assays required a regression coefficient of
the plot between OD and endotoxin concentra-
tion higher than 0.98. Ranges studied were 0.25-
2.5 EU/ml and 0.5-5 EU/ml. 

RESULTS
The results of the study encompassing the

level of IL-1β produced vs. the incubation mode
with whole blood are displayed in Table 1. The
IL-1β level produced, as assessed by the OD
values, were higher when the vial is incubated
without shaking. Significant differences (p <
0.05) between the IL-1β levels produced be-
tween the shaking modes were found. Howev-
er, there was no significant difference (p < 0.05)
in the IL-1β level (see OD values in Table 1)
when the supernatant is diluted with saline or
plasma. Therefore, in the assays where the IL-1β
level is determined by direct incubation of dilut-
ed blood with the container surface conditions
without shaking were selected. In addition,
saline was used to dilute the IL-1β in the super-
natant if necessary. 

The regression coefficient obtained for 0.25-
2.5 EU/mL endotoxin curve was 0.82. However,
that for 0.5-5 EU/mL was 0.983. Therefore, for
the quantitative approach this last curve was
employed. 

Table 2 describes the endotoxin concentra-
tion obtained when indicators were incubated
directly with diluted whole blood. It was not
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possible to quantify the endotoxin on undiluted
sample due to its high content that was above
the higher standard concentration (5 EU/ml).
Endotoxin concentration fails inside the stan-
dard curve for 1/2 and 1/4 dilutions. After cor-
rect for the dilution factor, average concentra-
tion in control vials was 8.7 EU/ml or, consider-
ing the volume of incubation mixture (1.2 ml;
see material and methods), 10.4 EU/vial. The
endotoxin indicator used through the present
study contains 2400 EU/vial as determined by
LAL assay. Therefore, using the direct incubation
of endotoxin indicator with diluted whole
blood, only around 0.4% endotoxin content
seems to be recovered compared to that ob-
tained when using extracts evaluated by LAL as-
say. 

On the other hand, the OD values obtained
in treated or depyrogenated vials were beneath
the lower endotoxin standard (0.5 EU/ml), and
at the same level of the blank (data not shown),
producing negatives values of concentration
with the standard curve used. Therefore, it was
possible to demonstrate with this methodology

Supernatant diluted with saline Supernatant diluted with plasma

Incubation with Incubation without Incubation with Incubation without
shaking (OD) shaking (OD) shaking (OD) shaking (OD)

Undiluted 2.291 ± 0.0085 3.225 ± 0.198 2.181 ± 0.019 2.872 ± 0.284
1/5 0.497 ± 0.010 0.755 ± 0.030 0.492 ± 0.006 0.659 ± 0.08
1/10 0.276 ± 0.014 0.408 ± 0.024 0.269 ± 0.006 0.352 ± 0.045
1/50 0.091 ± 0.0079 0.117 ± 0.010 0.092 ± 0.003 0.106 ± 0.005

Table 1. Evaluation of the incubation mode of whole blood with the container surface on the IL-1β level. OD:
Optical density. Result are the average value of three vials ± SD. 

Dilutions

Control Depyrogenated
Dilutions

EU/ml EU/ml

Undiluted - ≤ 0.5
1/2 5.75 ≤ 0.5
1/4 1.48 ≤ 0.5
1/8 ≤ 0.5 ≤ 0.5
1/16 ≤ 0.5 ≤ 0.5
1/32 ≤ 0.5 ≤ 0.5
1/64 ≤ 0.5 ≤ 0.5
1/128 ≤ 0.5 ≤ 0.5

Tabla 2. Endotoxin concentration in supernatants ob-
tained by direct incubation of diluted whole blood
with the indicator surface. EU: Endotoxin Units. One
Endotoxin Unit (EU) represent the activity in the LAL
assay of 0.1 ng of endotoxin from E. coli 0113:h10:k,
which is the endotoxin primary standard from FDA,
USP, WHO and EP. 

that there was no endotoxin in treated vials
when the indicator is incubated directly with di-
luted whole blood. These cases will be referred
as lower or equal than 0.5 EU/ml in the rest of
the study, as it showed in the tables. 

Endotoxin concentrations in extracts of en-
dotoxin indicators in treated and control vials
using the in vitro pyrogen test are displayed in
Table 3. It was possible to calculate the endo-
toxin concentration at undiluted and 1/2 dilu-
tions. After correct for the dilution factor (x
1000), control vials contained approximately
1050 EU/ml, while treated vials contain less than
0.5 EU/ml. Therefore, it is possible to determine
the logarithmic reduction of the depyrogenation
cycle (log. Endotoxin concentration in controls -
log. endotoxin concentration in treated vials).
The value obtained was 3.6 log., higher than the
lower limit (3 log) defined by regulator entities
such as the United State Pharmacopoeia.

DISCUSSION 
For safety reasons, quality control of medical

devices designed to be in contact with the sys-
temic circulation, such as catheters, needles and
implants, claim for end product pyrogen testing.
Currently, the Limulus test is widely employed
for such purpose. United State pharmacopoeia
established that each device should contain 20
EU/unit or less than 0.5 EU/ml in water extracts

Control Depyrogenated
Dilution

EU/ml EU/ml

Undil 1.05 ≤ 0.5

1/2 0.48 ≤ 0.5

1/4 ≤ 0.5 ≤ 0.5

Tabla 3. Determination of endotoxin concentration in
indicator extracts. Extracts obtained from control indi-
cators were firstly diluted 1/1000, while treated indi-
cators were two fold diluted directly from the extract.
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12. Using of LAL test is also described by FDA 13

and by ISO 10993-11. However, special cases
require the use of the rabbit pyrogen test, which
is regulated in ISO 10993-11, the European
guideline for medical device (Guideline
93/42/EEC) and the European Standard norma-
tive (EN). 

On the other hand, good manufacturing
practice of parenteral products includes the vali-
dation of depyrogenation cycles. The use of en-
dotoxin indicator is described in the United
State pharmacopoeia. Validation is successful if
a 1000 fold reduction of endotoxin content in
treated endotoxin indicators is achieved com-
pared to non treated indicators 14. Validation of
depyrogenation cycles and pyrogen test on
medical devices, share that for both it is neces-
sary to elute or to extract the endotoxin from
the container surface. A homogenous phase is
required, i.e. these assays are limited to the sol-
uble endotoxin. Therefore, pyrogenic contami-
nants have to be extracted from the original ma-
terial. It is well know that endotoxin tends to
adhere tightly to container surfaces. Endotoxin
recovery ranged between 12-89 % in
polystyrene while less than 1 % has been recov-
ered from polypropylene. In glass surfaces, like
soda lime and borosilicate, recoveries ranged
from 8-63% and 3-60%, respectively, being
borosilicate the most variable 3.

Among the properties of the novel in vitro
pyrogen test, the direct contact between the rel-
evant cells with the surface of a material (and/or
probably bound Endotoxin) is the initial event
which might lead to the production of endoge-
nous mediators. In fact, the basic physical-
chemical principle of the assay is a heteroge-
neous phase. Studies using in vitro pyrogen test
have shown an increased detection limit for en-
dotoxin in polystyrene and polypropylene sur-
face compared to LAL 10. This result suggests
the usefulness of the novel method to determine
pyrogens on plastic surfaces, where LAL assay
use is troublesome.

Taking together the stated above, the perfor-
mance of the IPT in validation, control and
monitoring of depyrogenation process was eval-
uated. In the depyrogenation validation study,
where the diluted human whole blood was in-
cubated directly with the indicator surface, no
suitable results were obtained. Production of IL-
1β by endotoxin activated monocyte/macro-
phage present a dose response range between
10-100 pg/ml of endotoxin. Further increase of
endotoxin in several orders above this range

will only slightly increase the IL-1β production 6.
Endotoxin indicators are designed to be used in
conjunction with the LAL assay, and should con-
tain at least 1000 UE/vial (0.1 µg endotoxin per
vial), which is a definitively high concentration,
out of the range where a dose-response in IL-1β
production vs. endotoxin content may occur.
Hence, it is not possible to employ the in vitro
pyrogen test by using the supernatant obtained
from the incubation of the whole blood with the
container surface of the endotoxin indicator.
However, it is possible to employ extracts of in-
dicators to evaluate the IL-1β production after its
incubation with whole blood. Therefore, this
approach is as suitable as LAL assay to evaluate
endotoxin content during a validation of depy-
rogenation process as is currently designed. 

Further evaluation of the performance of IPT
on control of pyrogens in medical devices was
conducted using the treated indicators which
were apparently depyrogenated. Optical density
obtained in such samples was at the same level
as blank, therefore no IL-1β was produced and
it is possible to define the product as pyrogen
free. In quality control for pyrogens in medical
devices, where high levels of pyrogens (like
those found in the artificially spiked endotoxin
indicators) are not expectable, the use of the in
vitro pyrogen test approach seems to be advan-
tageous. This benefit is based on the ability of
the method to detect pyrogens adhered to the
surface, avoiding the extraction step and its
known restrictions. The best way to carry out
this is incubating the device with diluted whole
blood without shaking at 37 °C for 24 h. In ad-
dition it is possible to dilute the supernatant
with physiological saline before the IL-1β deter-
mination by ELISA (if required). 

CONCLUSION
Because of the characteristic of the in vitro

pyrogen test, incubation between the device
and blood partly mimics the physiological con-
ditions in which the device will be employed.
Hence, the pyrogen free condition could be
guaranteed, no matter what class of pyrogen
could be involved. On the other hand, because
it is possible to quantify more than 1000 fold re-
duction in endotoxin content, it is possible to
employ IPT for validation of depyrogenation
process when extract of indicator are used.
However, with this approach the main advan-
tages to IPT are missed. This issue would re-
quire further studies, probably focusing in the
new design of endotoxin indicators.
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