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Types of pyrogenic substances and fever mechanism
Pyrogens

Endotoxin
Non-endotoxin
pyrogens

Strongest pyrogen
Various microbial components except endotoxin
Pyrogens derived from materials equivalent to
chemicals (Material-mediated Pyrogens)

Mechanism of fever
(1) Substances causing fever via cytokine network
Pyrogens
(2) Substances acting directly on the central nervous system
involved in thermoregulation
Pyrogen
(3) Uncoupling agent for oxidative phosphorylation
(4) Other substances of unknown mechanism for the action
Detectable pyrogens
(1) JP Pyrogen test using rabbits
(2) JP Entotoxin test
(3) Human Cell-based Pyrogen Test

Pyrogens
Pyrogen
Pyrogens

What’s endotoxin Lipopolysaccharide, LPS ?
Localization site and chemical structure

3D structure

Peptidoglycan

E.coli lipid A

Cell wall structure

Biological activity
Living body level
Febrile, lethal toxicity, shock, tolerance, local
and whole-body Schwartzmann's activity,
hypoglycemia, serum iron reduction reaction,
adjuvant activity, thromboplastin production,
antitumor activity, radiation damage protective
ability, adjuvant activity, recurrent bactericidal
activity, bone marrow reaction

Cell level

Molecular level

Macrophage activation ability
Cytokine production
Chemokine production
Increased phagocytosis
Mitogen activity
Cytotoxicity

Limulus activity
Complement activation
ability

Endotoxin test of biological products
Ø Test method: The Japanese Pharmacopoeia general test method endotoxin
test method is applied mutatis mutandis.
Ø Standard endotoxin: Japanese Pharmacopoeia standard endotoxin or
equivalent reference endotoxin is used.
Ø Measurement: Endotoxin specific reagent
Ø Test for interfering factors: Evaluate in consideration of individual
characteristics.
Ø Judgment: Calculated as a relative value to a standard product using a
statistical method by parallel line quantification method.
Ø Do not exceed the endotoxin standard value specified in each article of the
drug.
Ø Carried out with quality control of human serum albumin, heated human
plasma protein, interferon preparation, and various vaccines, national assays,
etc.
Ø The introduction of the SLP review system eliminated endotoxin test for
some vaccines, including pneumococcal vaccines (2015).

Principle of endotoxin test
Schematic of reaction mechanism
Endotoxin can be detected or quantified using lysate reagent (LAL reagent) prepared from horseshoe crab
blood cell extract. Because endotoxin activates factors contained in the lysate, the subsequent cascade
reaction is activated.

The PyroGeneTM assay contains a recombinant form of
Factor C (rFC), the endotoxin-sensitive protein that
initiates the LAL clotting cascade. The rFC enzyme is
activated by the binding of endotoxin, the same
mechanism as the traditional LAL assay. It works
through a single step endpoint assay that measures the
enzymatic cleavage of a fluorogenic substrate.

Diazo coupling reagent

Colorimetric method
(Chromogenic synthetic substrate method)

Cited from Seikagaku Corporation HP and Lonza Japan HP

Gelation
method

Turbidimetric
method

Ø The kinetic method in kinetic colorimetric
method is the highest precision (RSD 2%)
Ø The reaction time method in kinetic turbidimetric method using Wako Pure Chemical
Industries reagent is the most sensitive
(0.0005 EU/ml)
Ø Recombinant reagents other than PyroGene
available (EndoZyme, PyroSmart)

Performance verification of recombinant reagents
FY2015 / 2016 “Study on test methods of Japanese Pharmacopoeia”

Collaborative Study on the Bacterial Endotoxins Test Using Recombinant Factor
C-based Procedure for Detection of Lipopolysaccharides
National Institute of Health Sciences Pharmaceutical and Medical Device Regulatory Science Society of Japan Japan Food Research
Laboratories M Labs Inc., bioMérieux Japan Ltd. Seikagaku Corporation Lonza Japan Ltd. FUJIFILM Wako Pure Chemical Corporation

Performance verification of recombinant reagents
Examples of
different reactivity

Example of
equivalent reactivity

Example of
low reactivity

Summary on performance verification of recombinant
reagents
Ø Recombinant reagents show similar reactivity to existing lysate
reagents
Ø The calibration curve of the recombinant reagent shows the same
correlation coefficient between different laboratories
Ø Recombinant reagents have the advantage of quality control
because there is less lot-to-lot error
Ø Use recombinant reagents after performing reproducibility and
robustness tests using pharmaceuticals
Reference
1. Kikuchi, Y. et al., Collaborative Study on the Bacterial Endotoxins Test Using
Recombinant Factor C-based Procedure for Detection of Lipopoly-saccharides.
Pharmaceutical and Medical Device Regulatory Science 48 (4), 252-260 (2017) .
2. Kikuchi, Y. et al., Collaborative Study on the Bacterial Endotoxins Test Using
Recombinant Factor C-based Procedure for Detection of Lipopoly-saccharides, Part 2.
Pharmaceutical and Medical Device Regulatory Science 49 (10), 706-718 (2018) .

Example of endotoxin test protocol
Protocol of Pyrochrome and Endospecy series
Microplate / kinetic colorimetric method
using well reader MP-96

Single vial / kinetic colorimetric method
using EG reader SV-12

Standard solution 0.05 mL

Standard solution 0.2 mL

Sample 0.05 mL

Blank 0.05 mL

Microplate

Dispensing

Sample 0.2 mL

Blank 0.2 mL

LAL reagent vial

Dispensing

LAL reagent 0.05 mL
37°C, 60 min

Reaction

37°C, 60 min

Reaction

Auto measurement and analysis

Auto measurement and analysis

Microplate / endpoint colorimetric method

Single vial / endpoint colorimetric method

Standard solution 0.05 mL

Standard solution 0,2 mL

Sample 0.05 mL

Blank 0.05 mL

Microplate

Dispensing

Sample 0.2 mL

Blank 0.2 mL

LAL reagent vial

Dispensing

LAL reagent 0.05 mL
37°C, predetermined time

Reaction

37°C, 30 min

Reagent 1 (0.05 mL)

Reaction

Reagent 1 (0.05 mL)

Reagent 2 (0.05 mL)

Reagent 2 (0.05 mL)

Reagent 3 (0.05 mL)

Reagent 3 (0.05 mL)

Abs. measurement

Abs. measurement

Cited from Seikagaku Corporation HP

Example of endotoxin test protocol
Microplate / kinetic colorimetric method
using well reader MP-96
Standard solution 0.05 mL
Sample 0.05 mL

Blank 0.05 mL

Microplate

Dispensing

LAL reagent 0.05 mL
37°C, 60 min

Reaction

Auto measurement and analysis

Microplate / endpointcolorimetric
method
Standard solution 0.05 mL
Sample 0.05 mL

Blank 0.05 mL

Microplate

Dispensing

LAL reagent 0.05 mL
37°C, predetermined time

Reaction

Reagent 1 (0.05 mL)
Reagent 2 (0.05 mL)
Reagent 3 (0.05 mL)
Abs. measurement

Cited from Seikagaku Corporation HP

Endotoxin test

Summary of optical quantification
methods
Cited from Seikagaku Corporation HP

Endotoxin test

Summary of optical quantification
methods
Cited from Seikagaku Corporation HP

Overview
When performing endotoxin tests in JP, it is necessary to conduct a test to confirm the
reliability of the calibration curve and the test for interfering factors as a preliminary
test for ensuring the accuracy and effectiveness of the colorimetric method or
turbidimetric method.

Summary of optical quantification
methods

Endotoxin test

Cited from Seikagaku Corporation HP

Preliminary test
The test for confirming the reliability of calibration curve
The lysate reagent is estimated for each lot before use, and when there are
changes in the test conditions that may affect the test results.
Measurement method
Prepare standard endotoxin solutions at least 3 concentrations within the
concentration range specified in the lysate reagent, and measure at each of these
concentrations 3 times or more to create a standard curve.
Judgment
Perform linear regression analysis on the created calibration curve, determine
the correlation coefficient r, and confirm that its absolute value | r | is 0.980 or
higher.

Summary of optical quantification
methods

Endotoxin test

Cited from Seikagaku Corporation HP

Test for interfering factors
Test for interfering factors is performed to confirm whether the promotors or
inhibitors of LAL reagent are present in sample solution or not. This test is also
conducted when there are changes in test conditions that may affect the test
results.
Measurement method
Prepare and test solutions A, B, C and D according to Table 1.
Solution

Conc. of endotoxin

Additive solution

No. of test tube or well

A

0

Sample solution

>2

B

Midpoint conc. of
calibration curve

Sample solution

>2

C

> 3 points

LRW

> 2 for each conc.

D

0

LRW

>2

Endotoxin test

Summary of optical quantification
methods
Cited from Seikagaku Corporation HP

Calculation method of recovery rate
R

e

c

Endotoxin conc. of solution B
o
v
e
r
y
r

Endotoxin conc. of solution A
a
t
e
%

×100
Endotoxin conc. spiked to solution B
Judgment
When the recovery rate is in the range of 50 to 200%, it is judged that interfering factors is not
present in the sample solution.

Endotoxin test

Summary of optical quantification
methods
Cited from Seikagaku Corporation HP

Quantification
Operation method
Prepare solutions A, B, C and D (Table 1), and operate according to “test for interfering factors” in the preliminary test.
Calculation method of endotoxin concentration
Calculate the average endotoxin concentration of solution A using the calibration curve prepared with solution C.

Test conformance requirements
Correlation coefficient of calibration curve prepared with solution C: | r | 0.980
Based on the difference between the endotoxin concentration measured in solutions B and, the recovery rate of endotoxin relative to the endotoxin concentration spiked to solution B is in the range of 50 to 200%
Solution D: Do not exceed the limit value of blank test or less than the limit of detection

Judgment
Determine the endotoxin concentration (EU/mL, EU/mg, EU/mEq or EU/unit) of the test sample based on the average
endotoxin concentration of solution A. Test samples are considered to be compatible with endotoxin test when the result
conforms to the endotoxin limit specified in each article of JP.

Notes on endotoxin test

Cited from Seikagaku Corporation HP

About the utensils
Sterilize the glass and heat resistant utensils used for the test at 250 °C for 30 minutes at least . In
addition, when using plastic products such as microplate and micropipette tips, use products that have
been confirmed not to detect endotoxin and that they do not interfere with endotoxin testing.

About LAL reagent water (LRW)
Use “water for injection”, "water for injection (in a container)" or any other water described in the
pharmaceutical articles of JP that is free of endotoxin at a concentration above the detection limit of
the lysate reagent and suitable for the endotoxin test.

About preparation of standard endotoxin stock solution
Prepare standard endotoxin stock solution by dissolving endotoxin standard JP with LAL reagent
water.
Preparation method
1. Remove the metal cap and rubber stopper with tweezers so as not to contaminate reagents and top of JPSE vial.
2. Add the LAL reagent water at the dose described in the package insert to reach 10,000 EU / mL.
3. Cap with rubber stopper, wrap Parafilm around lid, seal and stir with test tube mixer for 5 minutes.
4. Stock the stock solution at 2-8 °C or less until use. Use within 14 days after dissolution. When not using
immediately, fix and seal with Parafilm over rubber stopper.

Notes on endotoxin test

Cited from Seikagaku Corporation HP

Notes on endotoxin test

Cited from Seikagaku Corporation HP

About the Maximum Valid Dilution (MVD)
MVD is the maximum allowable dilution factor of a sample solution at which
the endotoxin limit can be determined, when the effects of interfering factors
present in the sample solution can be avoided by dilution.

Notes on endotoxin test

Cited from Seikagaku Corporation HP

1. When the endotoxin limit is specified in each article of JP

2. When the endotoxin limit is not specified in each article of JP

Notes on endotoxin test

Cited from Seikagaku Corporation HP

Intended route of administration

K (EU/kg)

Intravenous

5.0

Intravenous, for radiopharmaceuticals

2.5

Intraspinal

0.5

Other routes of administration

5.0

K / M × conc. of sample solution
Maximum Valid Dilution (MVD)

K a threshold pyrogenic dose of endotoxin per kg body mass (EU/kg)
M equal to the maximum bolus dose of product per kg body mass adult weight: 60kg
the labeled lysate reagent sensitivity in the gel-clot techniques (EU/mL) or the lowest
point used (EU/mL) in the standard regression curve of the turbidimetric or
chromogenic techniques

Notes on endotoxin test
Factors affecting the reactivity of LAL reagents
Ø Temperature, pH, salt concentration
Ø Surfactant, protease (especially trypsin), protease inhibitor
Ø High concentration of protein, polysaccharide, EDTA 4Na

Factors affecting endotoxin activity
Ø Chemical structure and heterogenicity of lipid A (replacement rate of acyl
and phosphate groups, etc.)
Ø Solubility
Polysaccharide side chain (O-specific chain) length of endotoxin
Salt form: Triethylamine salt > Na salt, free form> Mg, Ca salt
Micelle formation
Aggregation and adsorption (redispersion before measurement)
Ø Binding to proteins and other substances
Antimicrobial peptides (ex. CAP18) and polymyxin B bind to endotoxin
and neutralize the activity
Ø Storage temperature and period (decomposition by self acidity)

Notes on endotoxin test
Additive recovery test to medical devices

As a quantitative test

AVF
metal
needle

(1) Quantify within the range of the calibration
curve
(2) Calibration of plate reader
· Evaluate the error between wells by SD or RSD
(n = 6), but not the mean value

Winged needle base

Blood clot

Needle tube

Tube

Circuit connector

Needle cap

Blade
(No.11)

Needle

Alternative solvents applicable to
medical devices
(1) Plastic: EDTA, PEG / Tween 60 / EDTA (0.004% /
0.01% / 0.5 mM), human serum albumin solution
(2) Metal: EDTA solution
(3) Hydroxyapatite: HCl < EDTA solution
(4) Collagen: HCl <purified collagenase / HCl
(5) Chitin and chitosan: hydrochloric acid

Recovery ratio (%)

18G x
11/2”

Recovery solvent: RO water
AVF metal needle

Notes on endotoxin test
JPSE 10 EU/mL

JPSE 0.025 EU/mL
RORO
water

LAL activity (%)

Absorbance change ratio

a) 0.1M phosphate buffer (pH 7.0)

Treatment time (hr)

Treatment time (hr)

LAL activity (%)

b) Serum albumin for LPS recovery

Heat stability of endotoxin
(1) At high concentrations, activity decreases at
40 °C or higher
(2) At low concentrations, the activity may be
halved by 24 hours even at room temperature

Treatment time (hr)

LAL activity (%)

c) PEG solution for LPS recovery

Solutions
(1) Prepare test solution before use
(2) Keep refrigerated when storing
(3) Redisperse before measurement if stored
Treatment time (hr)
RT, ■ 40 , ▲ 60 , × 80

Notes on endotoxin test
Chen, J., Low Endotoxin Recovery in Common Biologics Products.
Presented at PDA 8th Annual Global Conference on Pharmaceutical Microbiology,
Bethesda, MD, (2013).

Ø When endotoxin is added to certain biological products in coexistence of surfactant
(ex. polysorbate) and sodium citrate or sodium phosphate, the recovery rate of
endotoxin decreases (LER phenomenon)
Ø Rabbit fever was detected in one of the samples in which the LER phenomenon was
observed
JP

Sample

Dilution

Spike

Measure

LER

Sample

Spike

Dilution

Measure

Reich J, et al. Biologicals 2016; 44:417-22.

Cited from PDA Technical Report No.82

Ø Detectable amount of endotoxin decreases in holdtime study
Ø It exhibits different behavior depending on temperature, pH, salt concentration, LAL reagent,
endotoxin purity and the structure, etc.

PDA Technical Report No.82 / LER Case Study
RSE: Reference Standard Endotoxin, CSE: Control Standard Endotoxin, NOE: Naturally Occurring Endotoxin
No.

Summary
Low Concentration PS20 Caused LER Reaction in the Presence of Monoclonal
Antibody Product
Low concentrations of PS20 (0.006%) and mAb alone do not cause LER
If both are used together, LER occurs depending on mAb concentration
CSE causes LER but not NOE
Use of Purified and Nonpurified Endotoxins in Hold-time Studies
Both purified endotoxin and NOE can cause LER
More influenced by culture conditions than purity of endotoxin (Mg2+, temp.)
Recommend use of RSE

Comparison of Different Methods Used for Calculation of Percentile
Endotoxin Recovery from LPS-Spiked Biological Therapeutic Products
The amount of LPS recovered from LRW is excellent as a negative control
for Hold-time study

Evaluation of an Endotoxin Demasking Protocol
Created a protocol using Endo-RS Kit as a solusion for LER
Recommended test temperature at 21°C or higher
LER Case Study for a Monoclonal Antibody
mAb/EDTA/PS80 causes LER in RSE and CSE but not in NOE
mAb alone does not cause LER
RSE and CSE cause LER in EDTA/histidine/trehalose buffer (pH 5.5)
(causal substances: EDTA, histidine)
PS80 (pH 5.5) improves CSE recovery (slightly inhibited at 0.5%)
Pretreatment of dispersant, divalent cation, acid or base is all ineffective
LER intensity differs depending on the type of LAL reagent
No LER Effect in a Sodium Phosphate, Polysorbate 80 Formulation Matrix
RSE spiked to protein (5 mg/mL, pI 3.8-5.4) containing sodium phosphate/
PS80/mannitol buffer (25 mM/0.0325%/13%, pH 6.2) does not occur LER
even when stored at room temperature

No.

Summary
Mapping LER Effect in In-Process Stages of Purification
Risk assessment method at each manufacturing stage of pharmaceutics exhibiting LER

LAL test is conducted according to the guidelines etc.
Perform only the necessary tests
Use NOE
Factors Affecting Low Endotoxin Recovery
LER based on citric acid/PS20 is affected by temperature, pH and salt concentration

LER is reduced by low temperature, low pH and salt concentration conditions
Recommended sample dilution with 2 mM MgSO 4

Lipopolysaccharide Masking and Resolution of Low Endotoxin/ Lipopolysaccharide Recovery (LER/LLR) in a Citrate Buffer Monoclonal Antibody
containing Polysorbate and Chelating Agent
CSE spiked to mAb (25 mg / mL, pH 6.0) containing 20 mM citric acid,
150 mM sodium chloride, 20 mM DPTA, 0.025% PS80 causes LER
NOE does not raise LER
The LER is improved by diluting the sample 10- or 20-fold with 100 mM Tris /
50 mM MgSO4 or 25 mM Tris / 12.5 mM MgSO4 before 10 min of the test
Strategy to investigate and overcome LER driven by protein
Certain biologics containing no PS causes LER phenomenon
Variation in every measurement is avoided by reverse study changed the addition time of LPS

The LER is eliminated by conducting the test at 2-8 °C
Endotoxin Recovery Studies with a Biologic Formulated with Citrate and
Polysorbate 20
Preparation X containing citric acid and PS80 causes LER of CSE, but not at
the drug substance level containing no these additives
NOE isolated from plant does not occrur LER
The difference in LER behavior between CSE and NOE is considered to be
derived from the difference in LPS structure
Evaluate at an early stage that does not cause LER (process control)
Lack of LER Phenomenon in A Therapeutic Protein Biologic with Known
LER-Causing Ingredients
CSE spiked to NaH 2PO 4 buffer (pH 6.0) containing human glycoprotein (pI
6.4-7.5), 20 mM L-histidine, and 0.01% PS20 does not occur LER
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RSE: Reference Standard Endotoxin, CSE: Control Standard Endotoxin, NOE: Naturally Occurring Endotoxin
No.

Summary
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More influenced by culture conditions than purity of endotoxin (Mg2+, temp.)
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Summary
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Variation in every measurement is avoided by reverse study changed the addition time of LPS
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No LER Effect in a Sodium Phosphate, Polysorbate 80 Formulation Matrix
RSE spiked to protein (5 mg/mL, pI 3.8-5.4) containing sodium phosphate/
PS80/mannitol buffer (25 mM/0.0325%/13%, pH 6.2) does not occur LER
even when stored at room temperature

PDA Technical Report No.82 / LER Case Study
RSE: Reference Standard Endotoxin, CSE: Control Standard Endotoxin, NOE: Naturally Occurring Endotoxin
No.

Summary
Low Concentration PS20 Caused LER Reaction in the Presence of Monoclonal
Antibody Product
Low concentrations of PS20 (0.006%) and mAb alone do not cause LER
If both are used together, LER occurs depending on mAb concentration
CSE causes LER but not NOE
Use of Purified and Nonpurified Endotoxins in Hold-time Studies
Both purified endotoxin and NOE can cause LER
More influenced by culture conditions than purity of endotoxin (Mg2+, temp.)
Recommend use of RSE

Comparison of Different Methods Used for Calculation of Percentile
Endotoxin Recovery from LPS-Spiked Biological Therapeutic Products
The amount of LPS recovered from LRW is excellent as a negative control
for Hold-time study

Evaluation of an Endotoxin Demasking Protocol
Created a protocol using Endo-RS Kit as a solusion for LER
Recommended test temperature at 21°C or higher
LER Case Study for a Monoclonal Antibody
mAb/EDTA/PS80 causes LER in RSE and CSE but not in NOE
mAb alone does not cause LER
RSE and CSE cause LER in EDTA/histidine/trehalose buffer (pH 5.5)
(causal substances: EDTA, histidine)
PS80 (pH 5.5) improves CSE recovery (slightly inhibited at 0.5%)
Pretreatment of dispersant, divalent cation, acid or base is all ineffective
LER intensity differs depending on the type of LAL reagent
No LER Effect in a Sodium Phosphate, Polysorbate 80 Formulation Matrix
RSE spiked to protein (5 mg/mL, pI 3.8-5.4) containing sodium phosphate/
PS80/mannitol buffer (25 mM/0.0325%/13%, pH 6.2) does not occur LER
even when stored at room temperature

No.

Summary
Mapping LER Effect in In-Process Stages of Purification
Risk assessment method at each manufacturing stage of pharmaceutics exhibiting LER

LAL test is conducted according to the guidelines etc.
Perform only the necessary tests
Use NOE
Factors Affecting Low Endotoxin Recovery
LER based on citric acid/PS20 is affected by temperature, pH and salt concentration

LER is reduced by low temperature, low pH and salt concentration conditions
Recommended sample dilution with 2 mM MgSO 4

Lipopolysaccharide Masking and Resolution of Low Endotoxin/ Lipopolysaccharide Recovery (LER/LLR) in a Citrate Buffer Monoclonal Antibody
containing Polysorbate and Chelating Agent
CSE spiked to mAb (25 mg / mL, pH 6.0) containing 20 mM citric acid,
150 mM sodium chloride, 20 mM DPTA, 0.025% PS80 causes LER
NOE does not raise LER
The LER is improved by diluting the sample 10- or 20-fold with 100 mM Tris /
50 mM MgSO4 or 25 mM Tris / 12.5 mM MgSO4 before 10 min of the test
Strategy to investigate and overcome LER driven by protein
Certain biologics containing no PS causes LER phenomenon
Variation in every measurement is avoided by reverse study changed the addition time of LPS

The LER is eliminated by conducting the test at 2-8 °C
Endotoxin Recovery Studies with a Biologic Formulated with Citrate and
Polysorbate 20
Preparation X containing citric acid and PS80 causes LER of CSE, but not at
the drug substance level containing no these additives
NOE isolated from plant does not occrur LER
The difference in LER behavior between CSE and NOE is considered to be
derived from the difference in LPS structure
Evaluate at an early stage that does not cause LER (process control)
Lack of LER Phenomenon in A Therapeutic Protein Biologic with Known
LER-Causing Ingredients
CSE spiked to NaH2PO 4 buffer (pH 6.0) containing human glycoprotein (pI
6.4-7.5), 20 mM L-histidine, and 0.01% PS20 does not occur LER

Summary on LER phenomenon
It is necessary to respond individually at present, because the mechanism
and solution are still unknown
Ø Effect of chelating agent / polysorbate
Ø Effect of temperature: lower LER at lower temperatures
Ø Influence of the chemical structure of endotoxin
Ø Effect of LAL reagent type

Gram negative bacteria

Separation

NOE
Sterilization

Culture
Extraction

Cell wall structure

Centrifugal
supernatant

Filtration
RSE, CSE

hot phenol / water
Dialysis, Defatting RNase, DNase

Crude LPS

Peptidoglycan

Ø Effects of endotoxin purity: RSE/CSE vs NOE
Ø Effects of polysorbate and histidine: pos. vs neg.
Ø Effects of protein: alone vs need additives
Ø Effects of dispersant, divalent cation, pH, salt
concentration: effective vs invalid

Ultra-centrifugation Gel filteration

Purified LPS

Work described in Case Study #3, “Use of Purified and Non-purified Endotoxins
in Hold-time Studies”, has shown that masking susceptibility depends on the
bacterial species and that culture conditions do affect the masking susceptibility
of endotoxins. Additionally, this work demonstrated that isolation methods do
not alter the primary structure of the lipid A profiles (i.e., lipid A profiles from
NOEs are similar to their highly purified counterparts); however, the
supramolecular structures of endotoxin may be influenced by the preparation
method. PDA Technical Report No.82

Receptor for microbial component and intracellular
signal transduction mechanism
TLR 1/2, 2/6 LTA, LP, etc.
TLR 3 Viral double-stranded RNA
TLR 4 LPS
TLR 5 Bacterial flagellin
TLR 7,8 Small synthetic antiviral molecule, RNA
TLR 9 CpG DNA

Toll-Like Receptor (TLR) family
Major role of immune response to
microbial components
10 types in human TLR1-10
12 types in mice TLR1-9, TLR11-13
LBP

LPS
Schwarz H, et al.
Scientific Report, 7:44750 (2017)

TLR4

TLR4

LTA
PGN

TLR2

sCD14
MD2

MD2
mCD14

TIR

MyD88
IRAK
TRAF6
IKK

mCD14
TIR

TIR

NF-κΒ activation
Induction of inflammatory cytokines
such as IL-1, IL-6, TNFα

Currently available pyrogen tests
Endotoxin test

HCPT

Endotoxin

β(1,3)-D-glucan

Activated
Factor C

Factor C

Pyrogen test using rabbits

Substances causing fever
via cytokine network

Factor B

Activated
Factor B

Activated
Factor G

Proclotting Enzyme

Factor G

Clotting Enzyme

Boc-Leu-Gly-Arg-pNA
Boc-Leu-Gly-Arg
–pNA
(Synthetic substrate)

Colorimetric assay

Gelation method
Gelation
Gelation
turbidimetric method

Whole Blood Test
(WRT)

Human monocyte-like cell lines
MM6, THP-1, U937, HL-60

Boc-Leu-Gly-Arg ++ pNA
pNA (OD
(OD 405
405 nm)
Boc-Leu-Gly-Arg
nm)
(Kinetic method)
Diazo-coupling (OD 545 nm)

Diazo-coupling (OD 545 nm) (End-point method)

α
β
TNFα,
IL-1β,
IL-6 are quantified
by ELISA as fever markers

Each test method has different measurement principles
and has unique characteristics
Endotoxin test: Molecular level
HCPT Cell level
Pyrogen test using rabbits Living body level

It is important to select the appropriate
test method for the test purpose

Ø
Ø
Ø
Ø
Ø
Ø
Ø

Want to assess the pyrogenicity of living body level?
Evaluation of microbial contamination?
Does it contain physiologically active substances?
Does not contain inhibitors?
Is there any problem with extraction efficiency?
Quantitative test or limit test?
What is the cost performance?

Conclusion Notes on data pretation
Ø Purpose of endotoxin control: Prevent contamination of endotoxin in medicine at the
manufacturing, storage and distribution stages.
Ø Some drugs have an enhancing action on biological activity of endotoxin, including
fever activity. (Interferon, blood products, actinomycin D, etc.)
Ø Endotoxin limit is set as the minimum amount to induce fever reaction based on
experimental data of healthy human.
Ø Endotoxin limit should be set in consideration of the toxicity to the patient who is the
subject of medication, and it is necessary to consider the safety including individual
differences.
Ø The sensitivity to endotoxin is increased in patients with severe diseases including
sepsis and immune dysfunction.
Ø The endotoxin test enables high sensitivity, high accuracy, simple and rapid
measurement. However, it is not valid for non-endotoxin pyrogen tests.
Ø If necessary, use alternative methods such as HCPT (MAT).
Ø It is suggested that certain biologics and other samples exhibit LPR phenomenon in
endotoxin test.
Ø In that case, it should be considered regarding implementation of time-hold study with
endotoxin-spiked samples, and solutions for LER phenomenon.. If necessary, also
consider performing pyrogen test using a rabbit.

At the end of presentation

Thank you for your attention !
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