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Bacterial Endotoxins in the pharmaceutical products are currently being tested using USP method <85> (1) 
which utilizes LAL (Limulus Amoebocyte Lysate) reagent. The LAL reagent formulated from blood cells of 
horseshoe crabs. As LAL assay relies on the blood of wild horseshoe crabs, the conservation of global 
horseshoe crab population has become a potential issue. Due to this reason and not to depend solely on 
reagents derived from animal origin, several synthetic variants of the LAL reagent, recombinant factor C 
(rFC) and recombinant cascade reagents (rCR's), have been developed by several vendors and they are 
actively pursuing to make the rFC and rCR's as an alternate reagent to LAL for endotoxin assay. However, 
based on the published literature, USP believes still much work is needed to establish these recombinant 
reagents' comparability to the LAL in Endotoxins Test, as indicated in USP<85>. 

There are few reports of chemical methods of endotoxin analysis using GC-MS (2,3)) and LC-MS (3-10) for 
the occupational hazard testing purpose. Some of these methods measure 3-hydroxy fatty acids in Lipid A, 
after hydrolysis of lipopolysaccharide. The advantage of these methods includes estimating the total 
amount of endotoxins (cell-bound and non-cell bound) present in the sample and also not dependent on 
the inhibition and/or activation of the enzymatic reaction due to substances of non-bacterial origin (beta-
glucans) or the presence of peptidoglycans. A good correlation was shown when these chemical analysis 
results compared to the LAL test (9). 

Since an Endotoxin is a lipopolysaccharide (Lipid A + Polysaccharide), chemical analysis methods can 
potentially be developed as alternate methods for bacterial endotoxins testing. Methods can be 
developed for either analysis of the component of Lipid A (3-hydroxy fatty acids) using GC-MS or LC-MS or 
carbohydrate analysis of the Polysaccharide using carbohydrate analysis (11). 

Our goal is to engage the pharma industry and regulatory agencies for their perspective with respective to 
such an approach. The questions are: 

➢ Why there is no progress has been made in the chemical analysis methods as they have become 
routine, easy to use, and can be automated to run hundreds of samples per day (high throughput)? 
 

➢ What are the main roadblocks for developing and implementing these methods? 
 

➢ What are some of the regulatory issues if the industry is willing to implement them? 
 

 

References: 
 

1. USP <85> Bacterial Endotoxin test. 

2. A. Kilar, A. Dornyei, and B. Kocsis, Structural characterization of bacterial lipopolysaccharides with 

mass spectrometry and on- and offline separation techniques, Mass. Spectro Rev, 32 (2), 90-117, 

2013. 

3. J. Jackie, W. K. Lau, Hua-Tao Feng and S. F. Y. Li, Detection of Endotoxins: From Interferring the 

Responses of Biological Hosts to the Direct Chemical Analysis of Lipopolysaccharides; Cri. Rev. Anal. 

Chem, 49(2), 126-137, 2019. 



 

Stakeholder Forum Roles, Responsibilities and Planning Process  
Science-Operations 
Form 50, Version 1.4 

Location: Enterprise\Science Division Knowledge Management\ 
Science Controlled Documents\Science Operations 

Effective Date: 17Aug2020 

Page 2 of 2 

 

4. R. Saito, K.C. Brian, J.D. Tessari, L. Larsson, J.M. Mehaffy, J. Thomas, and K.S.J. Reynolds, 

Recombinant factor C (rFC) assay and GC/MS analysis of endotoxin variability in four agricultural 

dusts, Am. Occup. Hyg, 53, (7), 713-722, 2009. 

5. J.P. Pais de Barros, T. Gautier, W. Sali, C. Adrie, H. Choubley, E. Charron, C. Lalande, N. Le Guern, V. 

Deckert, M. Monchi, J.P. Quenot and L. Lagrost, Quantitative lipopolysaccharide analysis using 

HPLC/MS/MS and its combination with the LAL assay, J. Lipid. Res, 56 (7), 1363-1369, 2015. 

6. A. Chiominto, A.M. Marcelloni, G. Tranfo, E. Paba and E. Paci, Validation of a high-performance liquid 

chromatography – tandem mass spectrometry method for -hydroxy fatty acids as environmental 

markers of lipopolysaccharides. J. Chromatogr, A 1353, 65-70, 2014. 

7. S. Uhlig, M. Negard, K.K. Heldal, A. Straumfors, L. M. Bakke and W. Eduard, Profiling of 3-hydroxy 

fatty acids as environmental markers of endotoxin using liquid chromatography coupled to tandem 

mass spectrometry, J. Chromatogr A, 1434, 119-126, 2016. 

8. E. Paci, A.M. Marcelloni, F. Marini, G. Tranfo, E. Paba, and A. Chiominto, 3-hydroxy-Tetradecanoic 

acid: A chemical marker of endotoxin and gram-negative bacteria in occupational health monitoring, 

Modern Environmental Science and Engineering, 3 (8), 525-531, 2017. 

9. E. Paba, A. Chiominto, A.M. Marcelloni, F. Tombolini, E. Paci and G. Tranfo, Endotoxin analysis: 

Correlation between biological and chemical methods, Biomedical Journal of Science and Technology, 

19 (4), 14482-14486, 2019. 

10. C. Glannakou, K. Aimonen, L. van Bloois, J. Catalan, R.E. Geertsma, E.R. Gremmer, W. H de Jong, P. 

H.J. Keizers, P.L.W.J. Schwillens, R. J Vandebriel and M. V.D.Z. Park, Sensitive method for endotoxin 

determination in nanomedicinal product samples, Nanomedicine, 14 (10), 1231-1246, 2019. 

11. J. Kiang, S.C. Szu, L.X. Wang, M. Tang and Y.C. Lee; Determination of 2-keto-3-deoxyoctulosonic acid 

(KDO) with HPAEC: Survey of Stability of KDO and Optimal Hydrolytic Conditions, Anal. Biochem., 

245, 97-101 (1997). 

 
 
 
 
 


