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 Any material which induces fever when 
injected. 

 



 



 
Produced by a host 
inside the body as a 
reaction to contact with 
exogenous pyrogen. 

When exogenous 
pyrogens bind to 
receptors on leukocytes, 
they induce production of 
endogenous pyrogens like 
IL-1β, IL-6 and TNF-α. 

Thermoregulation site 
on hypothalamus causes 
rise in body temperature. 



 



 



 

Testing for pyrogen therefore focuses 
on methods for endotoxin detection. 

    Bacterial ENDOTOXIN is so far; 
The most ubiquitous (everywhere) 

 
The most potent 

 
The most likely pyrogen to be found in 

a manufacturing environment 



ENDOTOXIN! THE MOST POTENT PYROGEN 



 

Gram negative cell wall 
comprises of thin peptidoglycan 
layer and above peptidoglycan, a 
outer membrane 

Outer membrane consists of inner leaf and outer 
leaf. 

Inner leaf 

Outer leaf 

Outer 
membrane  

Phospholipid  

Lipopolysaccharide 
(LPS) 



GRAM NEGATIVE BACTERIA CELL WALL 

Inner leaf 

Outer leaf 



 

Outer membrane  
Oıter leaf of the outer membrane of Gr (-) cell wall is 

made up of  LPS  

LIPID A + POLYSACCHARIDE LPS  

POLYSACCHARIDE 

O-polysaccharide  

Core polysaccharide  

HIGHLY VARIABLE 

CONSERVED 



LPS - ENDOTOXIN 





 
Outer membrane  

POLYSACCHARIDE 
Core polysaccharide  

 Conserved among Gr (-) bacteria. 

 Outer core 

 Inner core  

 Inner core and outer core 

D-glucose, D-galactose, N-acetil D-
Glucosamine, N-acetil D-
Galactosamine 

Keto-deoksi manno oktulosonic 
acid (Kdo) and heptose sugar  

Unique to LPS 
Substituted with PO4

-3 
and pyrophosphate. LPS: 
NEGATIVE CHARGED !!! 



 

Outer core 

Inner core 



 
Outer membrane  

POLYSACCHARIDE 
O-polysaccharide  

 Extends outside the cell 

 Contains 20-40 repeating saccharide units of 3-8 
saccharides. 

Highly variable in a given 
species. 

The type, the number and the linkage 
of the sugars differ among species. 

Serological identification 
(E. coli O:157, Salmonella 

Enteritidis 

REPEAT 



 
Outer membrane  

LIPID A 
 Embedded in the outer membrane 

 Dissacharide of glucosamine 
connected to long chain of 
fatty acids. 

 Highly conserved in Gr (-) 

 Responsible for pyrogenicity and LAL activation. 



 
Outer membrane  

LIPID A 
 Responsible for septic shock. 

Inflammatory response leading to massive 
vasodilation, increased capillary permeability, 
endothelium injury and hypotension leading 
to multiorgan dysfunction   

 Since Lipit A is toxic in human body and it is the 
part of outer membrane (LPS) of Gr (-) cell wall 
and not secreted activiely outside the cell; 

LPS  
ENDOTOXIN 



LPS - ENDOTOXIN 

Hydrophilic 

Hydrophobic 



LPS - ENDOTOXIN 
Inner core 

Outer core Lipid A 





ENDOTOXIN ACTION MECHANISM 



 Sterile does not mean endotoxin-free. 

LPS gets “free” in solution as the result of bacterial 
growth, bacterial cell lysis. 

Heat-stable and resistant to most methods of 
sterilization. 
 

 

Not destroyed by steam sterilization (autoclaving) 

Toxic in low concentrations (nanogram quantities) in 
blood and CSF. 

 Negatively charged. Associates with cations. 



 

Presence/Quantity    important in parentral 
pharmaceuticals. 

Presence of endotoksin 
in parenteral drugs above 
a threshold 

Fever, hypotension, 
multiple organ 
failure and DEATH  

Parenteral finished products, parenteral devices, 
intermediate products and exipients used in 
parenteral manufacturing must be tested for the 
presence/quantification of endoxin. 



SOURCES OF ENDOTOXIN IN 
PARENTERAL MANUFACTURING 

Water 

Containers and packaging components 

Chemicals used in the preparation of product 

Raw materials 

Equipments  



 

The adverse effects of endotoxin are dependent on 
dose, route and rate of administration  

5 EU/kg/hr or 350 EU per 
       adult (70 kg)  

0.2 EU/kg/hr 

 

IT administration 

IV administration 

The maximum safe level of endotoxin in human 



Endotoxin limit  = K 

M 

Maximum allowable endotoxin 
exposure for humans per kg of body 
weight (tolerance limit) 

Maximum recommended bolus dose 
of product per kg of body weight 

K value 
IV route:  5 EU/kg 

IT route:  0.2 EU/kg 

 
The effects of endotoxin are related to the amount 
of endotoxin in the product dose depending on the 
administration way to a patient.  

Because the dose varies from product to product, the 
endotoxin limit of a product is calculated:  



A non-intrathecal drug product that has a 
maximum human dose of 10 ml/kg. 

 
Endotoxin limit = 5 EU/kg  / 10 ml/kg =  0.5 EU/ml 

  Product: Cyanocobalamin Inj. Potency: 1000 mcg/ml 
Maximum Dose/kg of 14.3 mcg/kg  
 
Endotoxin Limit = 5.0 EU/kg  / 14.3 mcg/kg = 0.35 EU/mcg 

Endotoksin limit: 0,35*1000 = 350 EU/ml 

 



 



 

Rabbit pyrogen test  was 
the first pyrogen testing 

Pharmacopeial 
recognition in 1942 

I. Rabbit Pyrogen Test   

Involves measuring the rise in temperature of 
rabbits following intravenous injection of a 
pharmaceutical. 



Determine the "control temperature" of each rabbit 
not more than 30 minutes prior to the injection of the 
test dose  

 

I. Rabbit Pyrogen Test   

Inject (max 10 mL/kg-min 0.5ml/kg) into an ear vein 
of each of three rabbits of the test solution per kg of 
body weight 

Complete each injection within 10 minutes after 
start of administration 



 For devices or injection assemblies, use washings 
or rinsings of the surfaces that come in contact with 
the parenterally administered material or with the 
injection site or with internal tissues of the patient. 

 

I. Rabbit Pyrogen Test   

 Record the temperature at 30-minute intervals for 
3 hours subsequent to the injection. 





 No rabbit shows an 
individual rise in 
temperature of 0.5° or 
more 

 
I. Rabbit Pyrogen Test   

Interpretation - USP  

 Any rabbit shows an 
individual temperature 
rise of 0.5° 

Product meets the 
requirements for 

the absence of 
pyrogens.  

Continue the test 
using five other 

rabbits.  



Not more than three of the 
eight rabbits show individual 
rises in temperature of 0.5° or 
more and if the sum of the 
eight individual maximum 
temperature rises does not 
exceed 3.3° 

Material under 
examination meets 
the requirements 
for the absence of 

pyrogens 

 
I. Rabbit Pyrogen Test   

Interpretation - USP  





 
I. Rabbit Pyrogen Test   

Limitations 
1) Not quantitative. Gives only 
pass and fail result. 

2) May not reflect pyrogenicity in 
humans. 
3)Less sensitive than LAL test.  

4) Outcome depends on the rabbit 
strain (age, gender ...). 

Not defined in 
pharmacopoeias 

5) Expensive, time consuming and 
labor intensive (involves the 
necessity of too many animals) 

Detection limit (0,5-
3,5 EU) is higher 

than human fever 
(0,03-0,5 EU) 
threshold of 
endotoxin 

Some materials 
is pyrogenic in 
human but not 

in rabbit 

6) Not suitable in some products 
(steroids, antichemotherapuetics)  



RABBIT MAY NOT REPRESENT HUMAN WELL 



In vivo test that detects:  
 non-endotoksin bacterial pyrogens 

  non-bacterial pyrogens  
 bacterial endotoxins 

 

I. Rabbit Pyrogen Test   

Advantages 

Detects all types of injectable pyrogens 





RPT was the exclusive pyrogen assay in USP for over 
50 (1942-early 1990s) years. 

 

1956-64 Bang and Levin 

Intravascular coagulation 
in Limulus 

Clotting factors 
in amebocyte is 

necessary 

Lysates of amebocytes 
gell in the presence of 

endotoxin 

Limulus 
Amebocyte 
Lysate Test 
(LAL test) 

Horseshoe crab 



 

Gel/clot 

T. tridentatus 

L. polyphemus 



 

False positive 
LAL test 



FALSE 
POSITIVE 
LAL TEST 



 

In the presence of bacteria, 
granules in the amebocyte of 
Limulus containing clotting 
factors degranulate. 

Endotoxin activates factor C 

As a result of activation 
cascade, coagulen is broken 
down into coagulin which self 
associates and gells. 



Copper and Pearson 

 

Used LAL test for detection of 
endotoxin in vaccines, intratechal 

injections and drugs 

LAL test was approved by FDA for detection of 
endotoxin in pharmaceuticals since 1987. 

Nowadays LAL test replaced rabbit pyrogen method 
as the choice of method for endotoxin detection. 

LAL test is renamed by Bacterial Endotoxin test 
(BET) by USP. 



 

BET is not only used for monitoring endotoxin in 
finished products but also: 

In process materials (disclosures, 
packages, equipments....) 
Water 
Exipients 

Since beta 1-3 and 1-4 glucan activates proclotting 
enzyme, presence of beta-glucan in the sample causes 
FALSE POSITIVE RESULTS.  

β 1-3 glucan 

β 1-4 glucan 

Fungal cell wall 

Cellulosic material      ?         



₌ 

DETECT OR QUANTIFY ENDOTOXINS using 
amebocyte lysate from the horseshoe crab 
(Limulus polyphemus or Tachypleus triadentus) 



REAGENTS and TEST SOLUTIONS 
Amebocyte lysate: Lyophilized 

Water for BET: Water for injection 

Dissolve 
lyophilized AL in 

water for 
injection. 

Standard Endotoksin stock solution: 

Standard endotoksin stock solution is prepared by 
dissolving control standard endotoksin in water for 
BET. 

Standard Endotoksin solution: 

Serial dilutions of stock solution is prepared using 
water for BET. 

Freeze dried, purified 
endotoxin whose activity 
has been calibrated in EU 

against International 
Standard 

Contains known 
amount of endotoxin 1000 EU/ml 



REAGENTS and TEST SOLUTIONS 
Sample solution: Dissolve and/or dilute the product 

using water for BET. 

Maximum Valid Dilution 
The max allowable dilution of a specimen at which 
endotoxin limit can be detected. 

MVD= Endotoxin limit x Concentration of the sample 

ʎ 

Endotoxin limit  = K 

M 

Maximum allowable endotoxin 
exposure per kg of body weight 
(tolerance limit or threshold pyrogenic 
dose) 
Maximum recommended bolus dose 

of product per kg of body weight 

Labeled Lysate sensitivity in gel clot: The 
minimum endotoxin concentration 
required to cause the lysate clot. 
 

IV route:  5 EU/kg 

IT route:  0.2 EU/kg K value 



A general tolerance limit (K) to avoid the fever and 
hypotension from IM or IV injection of endotoxin; 

5 EU/kg/hr or 350 EU per 
adult (70 kg) 

There are no clearance mechanisms in intraspinal 
spaces, so the IT (intrathecal) tolerance limit is 

0.2 EU/kg/hr 

Clearance 
mechanisms in 

blood and liver can 
handle this 

No fever 

Human Endotoxin Tolerance Limit (K)  

LIKE 
ENDOTOXIN 



 As the sample is diluted to overcome interference, 
any endotoxin that is present is also diluted. 
 
 

  Eventually, the concentration of endotoxin will be 
reduced to a level which is beyond the capability of 
the assay to detect.   
 
 

 It is therefore necessary to calculate maximum 
valid dilution and not to dilute the sample more 
than MVD. 
 

Maximum Valid Dilution 



 

3 different LAL test methods: 

PHOTOMETRIC 
TESTS 





 

Equal volumes (0.1 ml) of sample and LAL lysate are 
mixed in a test tube. 

Incubation under 37 °C for 60 minutes. 

A positive reaction is indicated by clot (gel) 
formation which withstands inversion of the tube. 

The gel-clot technique is for detecting or quantifying 
endotoxins based on clotting of the lysate reagent in 
the presence of endotoxin. 



 

QUALITATIVE ASSAY (LIMIT TEST) 
Tests whether or not a sample contains endotoxins 
greater than the endotoxin limit based on the gel 
formation in the presence of endotoxins at a 
concentration of more than the labeled lysate 
sensitivity.  

LIMIT TEST 
Reveals when an 
endotoxin limit is 

exceeded 

Not quantitative 

QUALITATIVE 



 

QUALITATIVE ASSAY (LIMIT TEST) 



 

QUALITATIVE ASSAY 

Solution B: Positive product  
            control solution 

Solution A: Test solution 

Solution C: Positive water               
           control solution 

Solution D: Negative control 
    solution 

Contain standard 
endotoxin solution at 

a concentration 
corresponding twice 

the labeled lysate 
sensitivity. 



 

QUALITATIVE ASSAY 

Solution A and B: 

Donot dilute sample more than MVD. 

Prepare and test all solutions in duplicate. 

Mix 0.1 ml of each solution with diluted Lysate. 

Incubate at 37 °C for 1 hour without vibration. 

Invert the test tube after incubation and check gel 
formation. 



 

QUALITATIVE ASSAY 
INTERPRETATION 

Solution B 

Solution C 

MUST BE POSITIVE 

Solution D MUST BE NEGATIVE 

Solution A 

Both replicates (-) 

Both replicates (+) 

One replicates (+) 

NO ENDOTOXIN 

ENDOTOXIN (+) 

REPEAT 
After repeat, if at least 1 tube gives 
(+), product contain endotoxin. 



 

Lysate sensitivity: Minimum concentration of 
endotoxin required to clot the lysate. 

Positive test result: Endotoxin 
concentration in the sample is 
greater than lysate senstivity.  

Negative test result: Endotoxin 
concentration in the sample is less 
than lysate senstivity.  



 

SEMIQUANTITATIVE ASSAY 
DILUTION 



 

SEMIQUANTITATIVE ASSAY 

Add equal volume of 
diluted Lysate to all 
solutions and dilutions.  

Incubate at 37 °C for 1 h. 

Check for gel formation.  



 

SEMIQUANTITATIVE ASSAY 
INTERPRETATION 

Test is valid if; 

Both replicates of 
positive control B 

POSITIVE 

Both replicates of 
negative control D NEGATIVE 

Solution C Geometric mean endpoint 
concentration is between 0.5 λ-2λ 



 The endpoint concentration is the smallest 
concentration in the series of decreasing 
concentrations of standard endotoxin that clots the 
lysate.  

 

SEMIQUANTITATIVE ASSAY 
INTERPRETATION 

Geometric mean endpoint concentration 

Geometric mean endpoint concentration 
=  

Antilog (sum of the log endpoint concentrations of 
dilutions used / number of replicate tests) 



The smallest concentration clot 
for the first replicate 

The smallest clot for the second 
replicate 

(Log 1λ + log 0.5λ) / 2 = A Antilog A = B B should be in the range 0,5 λ – 2 λ  

Geometric mean endpoint concentration calculation example 



 

SEMIQUANTITATIVE ASSAY 
INTERPRETATION 

ENDOTOXIN CONCENTRATION OF THE PRODUCT 

Multiply each endpoint dilution factor by λ.  

If the test is conducted with a diluted Sample 
solution, calculate the concentration of endotoxin in 
the original sample by multiplying endpoint dilution 
factor by λ and by the dilution factor of the sample. 

ENDOTOXIN CONCENTRATION  

Undiluted 
sample 



 

SEMIQUANTITATIVE ASSAY 

INTERPRETATION 

If none of the dilutions of the sample is positive, 
report the endotoxin concentration as less than λ 
times the dilution factor of the sample. 

If all dilutions are positive, endotoxin concentration 
is reported as equal to or greater than the greatest 
dilution factor multiplied by λ and the dilution factor 
of the sample. 



 

 Endotoxin concentration: equal to or greater than 8 
times λ times dilution factor of sample.  



 

SEMIQUANTITATIVE ASSAY 

INTERPRETATION 

       The sample complies with the test 
 
 if the endotoxin concentration of the sample 
in both replicates meets the requirement for 
the endotoxin limit of the product.  



 

Advantages  Disadvantages  

Simple 

Least expensive 

Method for choice of opaque 
samples, suspensions and 

colored products 

Semiquantitative 

Requires dilution 
for detecting 
positive end 

point 

Since least sensitive to interference with other materials, 
GEL CLOT is regarded as a REFERENCE (GOLDEN) 
METHOD for endotoxin detection. 

SENSITIVITY: 
0.03-0.5 EU/ml 



 



PREPARATORY TESTING FOR GEL CLOT 
ASSAY 

I. Labeled Lysate Sensitivity Confirmation 
ʎ = Lysate sensitivity (EU/ml) = Minimum 
concentration of endotoxin required to give positive 
test result (to make the lysate clot) 

Confirmation of lysate sensitivity must be carried out;  

when a new batch of lysate is used 

 when there is any change in the 

experimental conditions. 



PREPARATORY TESTING FOR GEL CLOT 
ASSAY 

I. Labeled Lysate Sensitivity Confirmation 
Dilute Standard Endotoxin to obtain;  

2 ʎ  
ʎ  
0,5ʎ  
0,25 ʎ 

Incubate each  diluted standard endotoxin with 
equal volume of lysate and incubate 37 ˚C for 1 
hour. 

Check for clottin/gelling 

4 replicates 



PREPARATORY TESTING FOR GEL CLOT ASSAY 
I. Labeled Lysate Sensitivity Confirmation 

           
                                                                                                                                            



PREPARATORY TESTING FOR GEL CLOT 
ASSAY 

I. Labeled Lysate Sensitivity Confirmation 
The test is valid; 
  when the lowest concentration of 

the standard solutions shows a 
negative result in all replicate 
tests. 

The geometric mean endpoint concentration is the 
measured sensitivity of the lysate (in EU/mL).  

Should not be less than 0.5ʎ and 
not more than 2ʎ 



 The endpoint concentration is the smallest 
concentration in the series of decreasing 
concentrations of standard endotoxin that clots the 
lysate.  

Geometric mean endpoint concentration 

Geometric mean endpoint concentration 
=  

Antilog (sum of the log endpoint concentrations of 
dilutions used / number of replicate tests) 

REMIND !!!!! 



PREPARATORY TESTING FOR GEL CLOT 
ASSAY 

II. INTERFERENCE TESTING 
Certain substances interfere with the 
LAL's ability to react with endotoxin 
and inhibit/enhance test. 

Chemical inhibitors Physical inhibitors 

Chelate divalent cations 
(like EDTA, citrate) 

Denature enzyme and 
inhibit signal cascade 

pH disruption (pH:6-7.5)  

Adsorb endotoxin 

Affect the viscosity 
of endotoxin 



Interference test should be performed to 
determine whether the test article inhibits, enhances 
or has no effect on the test reagents. 

Interference testing should be carried out at the 
very first trial of the drug or when any changes in the 
experimental conditions are made. 

PREPARATORY TESTING FOR GEL CLOT ASSAY 
II. INTERFERENCE TESTING 

INTERFERENCE TEST= 
INHIBITION AND 

ENHANCEMENT TEST 

 Many drugs enhance or inhibit those test reagents 
to produce either false-positive or false-negative 
results.  

NO INHIBITION. NO 
ENHANCEMENT 



II. INTERFERENCE TESTING 

DILUTION 

Solution A: Sample solution of preparation under the test, not containing endotoxin. 
Solution B: Test for interference 
Solution C: Control for labeled lysate sensitivity 
Solution D: Negative control of Water for BET. 



II. INTERFERENCE TESTING 
(INHIBITION/ENHANCEMENT TEST) 

Solution C Geometric mean endpoint 
concentration must be between 
0.5 λ-2λ 

Solution D 

Solution A MUST BE NEGATIVE 

MUST BE NEGATIVE 

Solution B 
Sensitivity of lysate in the 
presence of solution B is not less 
than 0.5 λ and greater then 2λ 
 

Geometric mean endpoint concentration  



Sensitivity of lysate in the 
presence of solution B;  

II. INTERFERENCE TESTING 
(INHIBITION/ENHANCEMENT TEST) 

 less than 0.5 λ  
 

 
 greater then 2λ 

INHIBITION 

ENHANCEMENT 

 DILUTION 
 FILTRATION 

 NEUTRALIZATION 
 DIALYSIS 
 HEATING 



INHIBITION AND ENHANCEMENT CAN BE OVERCOME BY; 

 DILUTION 
 FILTRATION 

 NEUTRALIZATION 
 DIALYSIS 
 HEATING 

Chosen treatment effectively 
eliminates interference 
without loss of endotoxins 

Standard endotoxin 
is added to sample 

Treatment Check that endotoxin is 
not lost 



 



 

When endotoxin activates signal cascade, before 
resulting clotting, the reaction mixture becomes more 
turbid. 

Optical density of turbidity is measured as a 
function of endotoxin concentration. 

 Endotoxin concentrations in the sample is 
determined by comparing the resultant turbidity to a 
standard curve. 

 



Turbidity can be detected before 
a reaction mixture clots. 

 

 

More sensitive 
than gel-clot 

assay 

A given endotoxin concentration 
will yield a turbidimetric result 
sooner than it will yield a gel-clot 
result 

Turbidimetric Kinetic assay is  as sensitive as 0.001 
EU/ml. 

The sensitivity of turbidimetric reagents is not 
determined by the manufacturer.  



 

 
 A photometer with endotoxin-specific software 
passes an optical signal through the sample at one-
minute-or-less intervals to generate a reaction curve 
for each sample. 

 The software assigns a reaction time when the 
optical density of a sample exceeds a preset OD. 

 Reaction times of unknowns and three endotoxin 
standard concentrations (at 10-fold intervals; as 
positive controls) are interpolated against a standard 
curve 



 

 

Turbidimetric end 
point assay 

Turbidimetric 
kinetic assay 

Measures the 
turbidity at the end 

of the predetermined 
incubation period 

Measures the 
turbidity 

continually during 
reaction 

Quantitates endotoxin 
over a broader 

concentrate range 



Standard endotoxin 

Reaction time: 
The time needed 
for the creation 
of active enzyme. 

DETERMINATION OF REACTION TIME 
The higher the endotoxin 

concentration the lower the reaction 
time 



 

 

Synthetic protein is prepared syntethically with 
attached chromophore.  

When endotoxin activates LAL signalling, syntethic 
protein is cleaved to release chromophore.   

Natural clotting protein is replaced by synthetic 
chromogenic substrate for the endotoxin activated 
clotting enzyme. 

Protein-chromophore 

syntethic protein  
+  

clotting enzyme 

measure 



 

 

KINETIC CHROMOGENIC ASSAY 

Method continously that measures the time needed 
to reach a predetermined absorbance of the reaction 
mixture.  

END POINT CHROMOGENIC ASSAY 

Quantitative relationship between the concentration 
of endotoxin and release of chromophore at the end 
of the incubation period. 



Standard endotoxin 

Reaction time: 
The time needed 
for the creation 
of active enzyme. 

DETERMINATION OF REACTION TIME 
The higher the endotoxin 

concentration the lower the reaction 
time 



CHROMOGENIC and TURBIDIMETRIC ASSAY 
STANDARD CURVE 

Standard endotoxin 

MEASURE THE ENDOTOXIN 
CONCENRATION BY PLOTTING THE 
REACTION TIME OF THE SAMPLE 

ON Y-axis 

? 

Time 



COMPARISON OF DIFFERENT LAL THECNIQUES 

Suitable for too 
many samples 

Suitable for too 
many samples 

Reference method 



  
Gel-clot 

End point 

Turbidimetric 

Kinetic 

Turbidimetric 

End point 

Colorimetric 

Kinetic 

Colorimetric 

Cost Lowest 
Relatively 

inexpensive 

Moderate to 

expensive 

instrument 

Relatively 

inexpensive 

Most 

expensive 

instrument 

Sensitivity 

Up to 

0.03 

EU/ml 

Most sensitive 

(detection 

limit 0.001 

EU/ml) 

Most 

sensitive 

(detection 

limit 0.001 

EU/ml) 

More sensitive 

(detection 

limit 0.005 

EU/ml) 

More sensitive 

(detection 

limit 0.005 

EU/ml) 

Susceptibility 

to 

interference 

Most 

resistant 

to 

interfere

nce 

May show more interference than gel/clot, but greater 

sensitivity gives more scope for dilution to overcome it 

Timing 
One 

hour 

Critical 

reaction time 

must be 

established 

carefully 

Automated 

reading 

handles 

timing 

Critical 

reaction time 

must be 

established 

carefully 

Automated 

reading 

handles timing 

COMPARISON OF DIFFERENT LAL THECNIQUES 



BET (LAL) DISADVANTAGE -I 

 Being specific for endotoxins prevents the 
BET from being a complete alternative for 
pyrogen testing. 

Non-endotoxin pyrogen 

Cause severe inflammatory and 
pyrogenic complications 

Not detected by LAL 

BET CANNOT BE REGARDED AS A TRUE PYROGEN TEST. 



THEN WHY STILL ONLY 
ENDOTOXIN IS ANALYSED 

AS A PYROGEN ?????? 



Although the LAL test is specific to endotoxins 
and does not detect other pyrogen substances;  

Endotoxins are the most common and 
harmful pyrogens in many 

pharmaceuticals 

This is why a negative result of the LAL 
test is sufficient to determine that the 
sample is safe to use. 



BET (LAL) DISADVANTAGE -II 
 False positive results GLUCAN 

 Fungi cell wall 
 Cellulose (herbal preparation) 

 False negative results 
Endotoxin binding substances 

(test tubes etc.) and 
interfering substances (cation 

chelators, denaturing 
substances) 



REMOVAL OF ENDOTOXIN AND 
DEPYROGENATION 

I. Inactivation of Lipid A 

 Dry heat sterilization (Long exposure to high 

temperature) 

 Strong acid/base hydrolysis 

 Oxidation  

 Alkylation  

 Ionizing radiation 

250 °C for 30 min 



TO VALIDATE A METHOD 
FOR DEPYROGENATION 

USE STANDARD 
ENDOTOXIN 

REMOVAL OF ENDOTOXIN AND 
DEPYROGENATION 

II. Physical Removal of Endotoxin 
 Ultrafiltration 
 Reverse osmosis 
 Positively charged modified 

filter 

 CRITERIA FOR DEPYROGENATION:  
A METHOD SHOULD REDUCE THE 

ENDOTOXIN CONTENT AT LEAST 3 LOG 
(103 times) IN ORDER TO BE REGARDED 

AS EFFECTIVE  


