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Abstract
The bacterial endotoxin test (the LAL test) that is highly sensitive and accurate in vitro test method was 
developed to detect endotoxin and has been replaced the pyrogen test for various parenteral drugs. However 
the pyrogen test, which has disadvantages such as requiring a large number of rabbits and large variations 
in test performance, is still used for controlling pyrogen of the majority of biological products such as 
blood products and vaccines owing to interference of products on the LAL test, and so on. We attempted to 
establish a new in vitro assay method to detect endotoxin activity that utilizes prostaglandin E2 induction 
from rabbit peripheral blood. A linear dose-response regression from approximately 0.15 to 5.0 endotoxin 
units/mL of Reference Standard Endotoxin (Japanese Pharmacopoeia) was attained and the assay showed 
a fine correlation with the pyrogen test but not with the LAL test when endotoxins from various bacterial 
sources were tested. The in vitro endotoxin test using rabbit blood was, therefore, suggested to be an 
alternative test method that can reduce remarkably the number of rabbits and could guarantee the endotoxin 
control of better accuracy and sensitivity than the current pyrogen test.
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Introduction
Lipopolysaccharide, which is also referred to as 

endotoxin constituting cell wall of Gram-negative 
bacteria, is known to have various biological activities 
and cause harmful physical effects such as a febrile 
reaction on humans even in very small amounts 
(Grisman, 1969 and Sasaki, 1979). Endotoxin content 
in parenteral drugs, therefore, has to be strictly 
controlled for guaranteeing the safety. Although the 
rabbit pyrogen test has played a key role to control 
pyrogenicity of the drugs for long time, the test has 
limitations in its utility due to its insufficient accuracy 
and also requires a large number of rabbits. The 
bacterial endotoxin test, which is based on highly 
sensitive clotting of Limulus amoebocyte lysate (LAL) 
by endotoxin (Levin, 1964, 1968), has been applied in 
place of the pyrogen test for testing parenteral human 
drugs in early 1980s in the United States and the 
implement has been widely followed by other nations. 
However, LAL activity does not necessarily correlate 
with in vivo biological activities of endotoxins 
(Pearson, 1982 and Takayama, 1984). Although it 

was reported that some biological products enhanced 
in vivo biological activities of endotoxin (Kawasaki, 
1987), the endotoxin test (the LAL test) could not 
detect such in vivo synergistic effect of endotoxin and 
the drugs.

In the present study, we made an attempt to 
establish a new assay method utilizing tumor necrosis 
factor-alpha (TNF-α) and prostaglandin E2 (PGE2) 
induction in peripheral blood of rabbits for detecting 
activity of endotoxin. Results of the standardization 
and evaluation of the in vitro assay method are 
presented in comparison to the pyrogen test and the 
LAL test.

Materials and methods
Endotoxins

Japanese Pharmacopoeia Reference Standard 
Endotoxin (JRSE) lot 3 derived from Escherichia 
coli UKT-B strain (13,000 endotoxin units (EU) /vial) 
(Murai, 1997), United States Pharmacopeia Reference 
Standard Endotoxin (EC-6) lot G-1 from E. coli O113 
strain (10,000 EU/vial) and commercial endotoxins; 

AATEX 14, Special Issue, 641-645
Proc. 6th World Congress on Alternatives & Animal Use in the Life Sciences
August 21-25, 2007, Tokyo, Japan



642

Masaki Ochiai, et. al.

E. coli O111:B4, E. coli O55:B5, E. coli O127:B8, 
Salmonella typhosa 0901 (Difco Laboratories, Mich., 
U.S.A.), S. abortus equi, Pseudomonas aeruginosa 
Serotype 10, Klebsiella pneumoniae and Vibrio 
cholerae Serotype Inaba 569B (Sigma Chemical 
Co., Mo., U.S.A.) strains extracted by the Westphal’s 
phenol water method (Westphal, 1965) were used.

The LAL test
The suspensions of JRSE and samples were 

serially diluted with pyrogen-free distilled water. A 
50 μl-volume each of appropriate dilutions of JRSE 
and samples were mixed with the equal volume of 
an endotoxin-specific chromogenic LAL reagent 
(Endospecy, Seikagaku Corp., Tokyo, Japan) whose 
reactivity with (1-3)-β-D-glucan is removed. Rate of 
color development was measured by a micro-plate 
reader (Well Reader SK603, Seikagaku Corp.).

In vitro assay using rabbit peripheral blood
Heparinized blood from female rabbits of Japanese 

white strain (Kitayama Labes Co., Ltd., Nagano, 
Japan or Japan Laboratory Animals, Inc., Tokyo, 
Japan) was used within 2 hours after bleeding. A 
0.1 mL of samples and a 0.15 mL of the heparinized 
rabbit blood were gently mixed in a pyrogen-free 
centrifuge tube containing 0.75 mL of pyrogen-free 
saline. The mixture was incubated at 37°C humidified 
atmosphere of 5% CO2 / 95% air. Supernatants were 
isolated from the mixtures by a centrifugation at 500 
x g for 2 minutes and stored at –20°C.

T N F - α  a n d P G E 2 c o n c e n t r a t i o n s o f t h e 
supernatants were measured by an enzyme-linked 
immunosorbent assay using anti-rabbit TNF-α goat 
immuno-globulin G (IgG), biotin labeled anti-rabbit 
TNF-α goat IgG (Research Diagnostics Inc., New 
Jersey, USA) and horseradish peroxidase conjugated 
streptavidin (Chemicon International, Inc., California, 
U.S.A.) in wells of a 96-well micro-plate (Narge 
Nunc International K.K., Tokyo, Japan) and by a 
commercial high sensitivity prostaglandin E2 enzyme 
immunoassay kit (Assay Designs, Inc., MI., U.S.A.), 
respectively. 

The pyrogen test
Three female rabbits of Japanese white strain 

(Kitayama Labes Co., Ltd. or Japan Laboratory 
Animals, Inc.) weighing approximately 3 kg were 
intravenously injected with each sample dilution. 
Rectal temperature was monitored for 3 hours using 
an electric thermometer (Scanner Unit X115 with 
High Accurate Data Logger K730, TECHNOL 
SEVEN, Kanagawa, Japan). Pyrogenicity of samples 
was calculated using the maximum rises in rectal 
temperature of the rabbits during the measurement 
after sample injection.

Statistic analysis
Relative activities in test samples were calculated 

with respect to a reference sample by parallel line 
assay method (Finney, 1978).

Results
Kinetics of TNF-α and PGE2 induction from rabbit 

peripheral blood stimulated with endotoxin was 
monitored up to 24 hours at 37°C. The blood treated 
with saline was also monitored in parallel as the 
control.

While the control saline induced no TNF-α and 
PGE2 from rabbit peripheral blood, endotoxin 
preparations stimulated TNF-α and PGE2 induction 
which reached a maximum level about 5 and 8 
hours after the stimulation, respectively (Fig. 1). 
Accordingly, the incubation period of 5 and 8 hours 
was employed for measuring TNF-α and PGE2 
induction activities hereafter.

TNF-α and PGE2 induction activities of EC-6 
was measured relatively to that of JRSE by the in 
vitro assay method repeatedly. Typical results of the 
measurements were depicted in Fig. 2. Straight linear 
dose-response relationships between TNF-α or PGE2 
and endotoxin concentrations were obtained by JRSE 
and EC-6. Parallelisms of dose-response regression 
lines were attained between JRSE and EC-6 to allow 
an analysis by the parallel line assay method.

Fig. 1. Kinetics of TNF-α and PGE2 induction in rabbit 
peripheral blood after stimulation with endotoxin. TNF-α 
(a) and PGE2 (b) concentrations in supernatant of the blood 
preparations were monitored up to 24 hours at 37℃ after 
stimulating with 5.0 EU/ml ( ● ), 1.25 EU/ml ( ▲ ) for TNF-α 
induction, 2.0 EU/ml ( ● ), 0.5 EU/ml ( ▲ ) for PGE2 induction 
and Saline ( ☐ ).

Fig. 2. Dose-response relationships of TNF-α and PGE2 
induction by JRSE and EC-6. TNF-α (a) and PGE2 (b) induction 
activities by EC-6 ( ▲ ) were measured in parallel with the 
activities by JRSE ( ● ). TNF-α or PGE2 and endotoxin 
concentrations showed to allow application of the parallel line 
assay method.
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Fig. 3 shows results of five repeated measurements 
of TNF-α and PGE2 induction activities of EC-6 
calculated with respect to those of JRSE. The in vitro 
induction assays were found to be highly reproducible 
as seen in Fig. 3 showing no significant deviation 
among the repeated measurements.

Relationship of LAL activity with TNF-α and 
PGE2 induction activities of endotoxins from 
various bacteria listed in Materials and methods was 
evaluated. The endotoxins were diluted serially to 
have a similar level of LAL activity for measuring 
their TNF-α and PGE2 induction activities and 
pyrogenicity. The relative activities of each endotoxin 
were calculated with respect to those of JRSE by the 
parallel line assay.

TNF-α and PGE2 induction activities of the 
endotoxins ranged from 1.5% to 141.7% and from 
2.5% to 199.0% of the activities of JRSE, respectively 
in spite of comparison at an equivalent LAL activity 
(Fig. 4). On the other hand, fine correlations (P < 
0.01) were found between TNF-α or PGE2 induction 
activity and pyrogenicity of the various endotoxins 
(Fig. 5). 

Capability of the in vitro induction assays to detect 
a synergistic effect of human interferon beta (IFN-β) 
on endotoxin activity (Kawasaki, 1987) was evaluated 
using a commercial batch of IFN-β injection (Mochida 
Pharmaceutical Co., Ltd., Tokyo, Japan). The IFN-β 

batch was found to have no detectable LAL activity, 
TNF-α and PGE2 induction activities and pyrogenicity 
at a concentration of 600,000 IU (Table 1 and 2) that 
was used for the pyrogen test. LAL activity of JRSE 
added to IFN-β seemed to be slightly inhibited in 
the inhibition/enhancement test. On the other hand, 
TNF-α and PGE2 induction activities (P < 0.05) and 
pyrogenicity of added JRSE were enhanced by IFN-β 
to about 250% of the control JRSE.

Discussion
Proinflammatory cytokines such as interleukin 

(IL) -1, IL-6, TNF-α and IFN have been known as 
endogenous pyrogens released by the stimulation 
with endotoxin (Van, 1991). These cytokines induce 
increases in arachidonic acid metabolites, which 
elevate the thermostatic set point of the hypothalamus 
to raise the body temperature (Dinarello, 1988 and 
Skarnes, 1981). We attempted to utilize induction of 
the proinflammatory cytokines and the arachidonic 
acid metabolites from peripheral blood of rabbits to 
detect endotoxin activity.

TNF-α and PGE2 concentration in the culture 
supernatant of rabbit peripheral blood reached a 
maximum level about 5 and 8 hours after stimulation 
with endotoxin, respectively (Fig. 1). Straight linear 
dose- response regressions were attained between 
TNF-α or PGE2 concentration and endotoxin 
concentration (Fig. 2). The assay method could detect 
approximately 0.15 EU/mL of JRSE and showed 
a straight linear dose-response relationship up to 
5 EU/ml. Parallelisms between regression lines of 
JRSE and EC-6 and consistent relationships in their 
activities in repeated measurements were observed 
by the assay methods (Fig. 3). The in vitro induction 
assays were, therefore, suggested to be sensitive and 
reproducible compared to the pyrogen test.

Fig. 3. Reproducibility of the in vitro TNF-α and PGE2 
induction assays. Weighted mean of TNF-α (a) and PGE2 (b) 
induction activities of EC-6 was calculated with respect to those 
of JRSE. The vertical bars show 95% confidence intervals. A 
chi-square test showed homogeneity of the relative activity 
values suggesting a good reproducibility of the assays.

Fig. 5. Correlation between pyrogenicity and TNF-α or PGE2 
induction activity. Pyrogenicity and TNF-α (a) or PGE2 (b) 
induction activity of endotoxins from various bacterial sources 
were calculated with respect to those of JRSE which were 
assumed to be 100. Each point shows relative activities of each 
endotoxin to those of JRSE.

Fig. 4. Relationships between LAL activity and TNF-α or PGE2 
induction activity. TNF-α (a) and PGE2 induction activities 
(b) were measured for endotoxins of various bacterial sources, 
which were adjusted to have an equivalent LAL activity. 
Activities of the endotoxins in each assay were shown as 
percentages for those of JRSE (100%).
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It has been widely accepted that results of the 
pyrogen test and the LAL test showed reasonable 
correlation in routine quality control tests. However, 
the LAL test did not necessarily correlate with the 
pyrogen test, if endotoxins from various bacterial 
sources were tested. Such discrepancy was also found 
between the results of the LAL test and the in vitro 
induction assays (Fig. 4). On the other hand, a fine 
correlation was found between the pyrogen test and 
the in vitro induction assays (Fig. 5).

The in vitro assay methods using human peripheral 
blood may have an advantage in predicting in vivo 
pyrogenicity of endotoxin in humans. We also 
examined peripheral blood of human to evaluate 
the utility in the in vitro assay (data not shown). 
Sensitivity and accuracy for detecting endotoxin 
activity by human blood were similar to that of rabbit 
blood. However, a careful notice is necessary to test 
biological products such as vaccines by human blood, 
because reactivity of blood to test vaccine would 
be affected by immunity of the donors against the 
vaccine antigens. In addition, use of human peripheral 
blood requires special cautions about ethical issues 
and a possible biohazard.

It is important to guarantee the same level of safety 
when substituting a new test method for the pyrogen 
test. The in vitro induction assays showed to have the 
capability to detect a synergistic effect of IFN-β on 
endotoxin activity (Table 1 and 2). Although the LAL 
test is the most sensitive, rapid and convenient method 

to detect endotoxin, the test could not detect such a 
synergistic effect. The in vitro assay method can also 
reduce remarkably the number of test animals by 
allowing to examine a lot of test samples with blood 
from a few rabbits and also to use the same rabbits 
repeatedly. Therefore, the in vitro assay methods 
using rabbit peripheral blood were shown to have 
the advantages compared with other test methods for 
detecting biological activity of endotoxin. It might 
be interesting if the present assay methods can detect 
other pyrogens such as peptidoglycan (Rotta, 1975) 
that constitutes both cell walls of gram-negative and 
gram-positive bacteria.
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