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Overview of presentation 

• Introduction  

 Bacteria endotoxin  definition, effects of 

contamination 

• Bacteria Endotoxin Test (BET)/LAL Test 

• Types of BET / LAL test 

• Documents for submission  

a) Gel-clot Method 

b) Photometric Method : Chromogenic Method 
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Introduction  

• Endotoxin :  

 Endotoxin (a.k.a lypopolysaccharide), is a 
pyrogenic substance that is found in the cell wall of 
Gram-negative bacteria 

 Pyrogenic substance (or pyrogen) can induce fever 
when injected into the blood or cerebrospinal fluid 

• It is associated with injectable products 

• Sterile production procedures are needed 

• Sterilization does not remove the endotoxin 

• It is heat stable 
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Diagram of a gram negative cell membrane 

Endotoxin 
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Consequences of endotoxin cotamination: 

• Fever 

• Headache 

• Chills 

• Nausea/Vomiting 

• Hypotension 

• Acute lung injury 

• Miscarriage 

• Death 
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Bacteria endotoxin test 

• Bacterial endotoxin test 
(aka LAL test): 

 To detect or quantify 
endotoxin of gram 
negative bacterial origin 
using amoebocyte lysate 
from horseshoe crab 
(Limulus polyphemus or 
Tachypleus tridentatus) 

 

Horseshoe Crab 
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Types of lal test  

Methods:- 

i. Gel clot 

a) Gel clot (Limit test) 

b) Gel clot (Semi-quantitative test) 

ii. Photometric 

a) Chromogenic (Kinetic)  

b) Turbidimetric (Kinetic) 

c) Chromogenic (End-point) 

d) Turbidimetric (End-Point) 
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Documents for submission 

I. Certificate of analysis  

II. CoA for reagents 

III. Protocol of analysis 

IV. Calculation (MVD and ELC) 

V. Validation data 

VI. Routine tests result 
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I. Coa for finished products 

• Local manufacturer – CoA for 1 batch of finished 
products 

• Oversea manufacturer – CoA for 3 batches of finished 
products 

• Must contain (in relation to LAL test): 
 Product name and strength 

 Batch number 

 Specification for BET 

 Results for BET 

 Appearance 

 Ph 

 Name, signature and date of approval 
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Product name &  

strength 

Batch number 

Physical appearance 

pH 

Limit for BET Signature,  name 

 & date of approval 

Results 



NPCB II. Coa for reagents 

Lysate & control  
standard endotoxin 
(CSE) 
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Iii. Protocol of analysis 

A complete protocol of analysis contains:- 

A. List of equipments, glassware and reagents used 

B. Directions of use for reagents – LAL reagent and CSE 

C. Preparation of endotoxin standards 

D. Preparation of samples 

E. Test methods (how the test is performed) 

 Standard operating procedure is acceptable except 

for sample preparation 
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a. List of equipments, glassware 

and reagents 

The glassware must be depyrogenated 
Any plastic apparatus must be pyrogen-free 



NPCB b. Directions of use for reagents 

 

Volume of LRW used for  
reconstitution  
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c. Preparation o endotoxin standards 

• European Pharmacopeia 5.0, 2.6.14 Bacterial endotoxins: 1. 

Preparatory Testing (i) Confirmation of labeled lysate sensitivity 

 

 

 
 

• European Pharmacopeia 5.0, 2.6.14 Bacterial endotoxins: Photometric 

Techniques 3. Preparatory Testing (i) Assurance criteria for the standard 

curve 1 

Gel clot method : min of 4 

standards, 2λ, λ, 0.5 λ, 
0.25 λ, 4 replicates of each 

Chromogenic method: min 

of 3 standards, 3 replicates 

of each 
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d. Preparation of samples  

• Samples preparation must be specific to the 

product.  

• If there are modifications, please include  

 E.g. : pH modification, addition of endotoxin dispersing 

agent, ultra filtration, surfactant,  

• Serial dilution of the product 

   * If pH modification is done, please include the pH 

test results in the validation data 
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Serial 

dilution 
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Sample reconstitution 
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e. Test methods 

• Describe how the test is performed in detail 

• Gel clot method: European Pharmacopeia 5.0, 2.6.14 Bacterial 
endotoxins, Gel clot technique (Method A and B) 

 1. Preparatory Testing 

i. Confirmation of labeled lysate sensitivity 

a) Prepare of 4 standards (2λ, λ, 0.5 λ and 0.25 λ) – 4 
replicates of each conc. 

b) Mix equal amount of Lysate (LAL) as the standard 

c) Incubate the mixture (usually for 60 ±2 mins at 37°C) 

d) Invert the tube (in one smooth motion)  

 



NPCB 
• ii. Test for interfering factors 

- Prepare of solutions A, B, C and D (refer Table 1.1). 
Solution A & B: 4 replicates: solution C & D: 2 
replicates  

-  Repeat steps b) to d) from Confirmation of labeled 
lysate sensitivity 
 

 

 

 

•   

Table 1.1 
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2. Limit test 

• Prepare of solutions A, B, C and 
D (refer Table 1.2) – min 2 
replicates for all solutions 

• Repeat steps b) to d) from 
Confirmation of labeled lysate 
sensitivity 

Table 1.2 

 

3. Semi-Quantitative test 
Prepare of solutions A, B, C 
and D (refer Table 1.3) – 2 
replicates for all solutions 

• Repeat steps b) to d) from 
Confirmation of labeled 
lysate sensitivity 

 

Table 1.3 
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Common issues regarding protocol of analysis 

• Protocol of analysis not given – only a  reference to BP, 

EP or USP given 

“Carry out using internationally harmonised Ph. 

Eur/USP/JP/LAL method”  

• Too simple/not detailed/only summary given– no list of 

equipments & reagents, method for preparation of 

standards, other solutions and method of test 

• Sample preparation not specific to the product 

• Insufficient types of solutions 

• Not enough replicates for the solutions 
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EXAMPLE OF AN  

INCOMPLETE  

PROTOCOL OF ANALYSIS 
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iv. Calculation of MVD and ELC 

• Maximum Valid Dilution = the maximum allowable dilution 
of a sample at which the endotoxin concentration can be 
determined 

• Detailed MVD calculation specific of the product is 
required in all submission 

• MVD = Endotoxin limit x Product concentration  
     λ 

• E.g. MVD for azithromycin IV injection 100 mg/ml with 
endotoxin limit of 0.17 EU/mg, and λ = 0.03 EU/ml 

MVD = 0.17 EU/mg x 100 mg/ml = 566.667 (566) 
                 0.03 EU/ml 
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• Detailed ELC calculation for the product is required for 
product with endotoxin limit not available from EP, BP, USP 
or JP (or in-house) 

• Endotoxin limit concentration (ELC)= K / M 
K = maximum allowable endotoxin exposure (usually 5 
EU/kg/hour for a 70 kg person) 

M = maximum human dose of the product 

• E.g. ELC for Enfurvitide is < 1.2 EU/mg and is not stated in any 
reference. Max dose of enfurvitide is 1.5 mg/kg/h. Therefore: 

  ELC = 5 EU/kg/h÷ 1.5 mg/kg/h = 3.33 EU/mg.  

Value chosen is 1.2 EU/mg - which is 3 fold safety margin – 
this is acceptable. 
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IV. Validation data 

• The validation data required depend on the type of test 
method used. 

A. If gel clot method was used:- 

i. Confirmation of labeled lysate sensitivity – for 1 batch of 
lysate 

ii. Test for interfering factors a.k.a. Inhibition/Enhancement 
test – for 3 batches of finished products 

B. If chromogenic/turbidimetric method was used:- 

i. Calibration of standard curve – for 1 batch of lysate 

ii. Test for interfering factors a.k.a. Inhibition/Enhancement 
test – for 3 batches of finished products 
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A. Validation for gel clot method 

i. Confirmation of Labeled Lysate Sensitivity 

• Requirements:- 

• Test methods – how the test is performed 

• Types of solutions used in the test:- 
a) Solution A – negative control (LRW only) 

b) Solution B – endotoxin standardssolutions – minimum 4 λ 
concentrations (0.25 λ to 2 λ) * 

• Results for test performed on 1 batch of lysate in raw data 
format ** 

 
* 4 replicates for each solution types 

** Results must meet the requirements. 
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Sample of presentation of results for Confirmation of Labeled 

Lysate Sensitivity 

 

 

 

  

MUST BE IN RAW DATA FORMAT 
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i. Non-Inhibitory Dilutions 

• Requirements:- 

 Test methods – how the test is performed 

 Types of solutions used in the test *:- 

a) Sample only (4 concentrations) 

b) Sample + endotoxins  (4 concentrations) 

 Results for test performed on 1 batch of lysate in raw data 

format ** 

 

* Minimum of 2 replicates for each solution types 

** Results must meet the requirements. 
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Sample of presentation of results for Non-Inhibitory 

Dilutions Test 
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iii. Inhibition/Enhancement Test (Test for Interfering Factors) 

• Requirements:- 

• Test methods – how the test is performed 

• Types of solutions used in the test:- 

a) Solution A – negative product control (sampleonly) ** 

b) Solution B – positive product control [endotoxin + samples, 
minimum 4 λ concentrations (0.25 λ to 2 λ)]  ** 

c) Solution C – endotoxin standard solutions – minimum 4 λ 
concentrations (0.25 λ to 2 λ) * 

d) Solution D – negative control (LRW only) * 

• Results for test performed on 3 batches of finished products in 
raw data format ^ 

 

* 2 replicates for each solution types 

** 4 replicates for each solution types 

^ Results must meet the requirements. 
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Sample of presentation of results for INHIBITION/ 

ENHANCEMENT TEST 

 

MUST BE IN RAW DATA FORMAT 
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Sample of presentation of results for Inhibition/Enhancement Test 
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B. Validation for chromogenic method 

i. Criteria for Standard Curve 

• Requirements:- 

• Test methods 

• Types of solutions *:- 

• Solution A – negative control (LRW only) 

• Solution B – endotoxin standards (minimum 3 
concentrations) 

• Test results for 1 batch of lysate ** 

 

* Minimum 4 replicates 

** Results must meet specifications 
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Sample of presentation of results for Criteria for Standard Curve 

MUST BE IN 

RAW DATA 

FORMAT 
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i. Inhibition/Enhancement Test (Test for Interfering Factors) 

 
• Requirements:- 

• Test methods 

• Types of solutions *:- 

• Solution A – negative product control (sample only) 

• Solution B – positive product control (sample + endotoxin) 

• Test results for 3 batches of finished products ** 

 

* Minimum 4 replicates 

** Results must meet specifications 
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Sample of presentation of inhibition / enhancement test 

 

MUST BE IN 

RAW DATA 

FORMAT 
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Common issues regarding validation 

• Test methods not given 

• Not enough solution types / replicates 

• The results given are not in raw data format 

• Not enough data (i.e. not neough for 3 batches) 

• Results did not meet specifications 

• The raw data given is in foreign language and not 

translated 
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THANK YOU 


