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Overview: Impact of Amebocyte Lysate on 
Mankind and the Environment 

• Protection of injectable medications from toxic, fever-
producing bacterial  byproducts;

– AL firms have ominous responsibility: they must produce  
>70 million units annually. 

• Protection of Limulus polyphemus and migratory birds 
from exploitation by the commercial bait fishery; 

• Public popularity and awareness of the valuable role 
of the horseshoe crab in nature.

• Tachypleus tridentatus continues to be threatened.





Spawning Survey Delaware Bay



In the 1920s, she made 

pyrogen-free water by 

distillation, developed a 

rabbit fever test, and 

prepared IV solutions in 

sterile containers.

Founder of Intravenous Therapy 
Florence Seibert  observed that 

injection fevers were caused by GNB.



Emergence of the LAL Biomedical 
Industry for Endotoxin Tests

• The rabbit fever test was the official pyrogen test beginning 1941.

• Collaboration of Cooper and Levin in 1970 led to the most 
important use of LAL: replacement of rabbit pyrogen test for 
IV drugs.

• Cooper worked with FDA to create LAL-test capability and 
publish official specifications for production of LAL reagent, 
1971-3.



• In 1971, Seligmann challenged Cooper with 3 lots of an anti-

cancer drug, L-asparaginase,  which was produced in E. coli. 

• Samples induced rapid gel times in LAL, but was negative in 

rabbits; however, temps fell, rabbits became comatose and 3 

died within 48 hours of endotoxin symptoms

• This event led to collaboration of Cooper & Seligmann to 

beginning of an endotoxin test capability at FDA.

• Monitoring of  albumin products reduced detectable endotoxin 

from 40% to <5% by circa 1980. Steere AC, et al. Transfusion, 18:102-107, 1978.

Ed Seligmann at Biologics Division commits to 

Evaluation of LAL for Fractionation Products



• Note: US government was a partner with biomedical industry 
from the beginning in HSC conservation. 

• 1971:  Cooper* introduces LAL to blood products group in FDA. 
(Now CBER, Center for Biologics Evaluation & Research)

• 1971:  First commercial LAL facility in Chincoteague, VA

• 1972:  Ed Seligmann* led FDA to regulate LAL and create rules 
for a biomedical industry to produce the reagent.

• 1973: First draft LAL regulations by FDA contained critical 
requirement for return-to-sea policy for HSC bled in LAL 
production.  Seligmann installed HSC tank at BoB.

• 1977:  Three product licenses for three LAL firms.
• *Cooper JF, Hochstein DH,  Seligmann EB. 1972. The limulus test for endotoxin (pyrogen) in 

radiopharmaceuticals & biologicals. Bull. Parent. Drug Assoc. 26:153-162.

FDA was an Early Stakeholder in LAL



Baxter Travenol Validated LAL with Rabbit Test: 
FDA Moved to Adopt LAL as Alternative

• Baxter Travenol made corporate decision to convert from 
rabbit to LAL tests in 1970s.  

• A global study compared 356,548 LAL  tests and 66,594 rabbit 
tests on drugs and devices to prove LAL as specific and highly 
sensitive for endotoxin. 

• The compelling report of this validation led  FDA to approve 
LAL as an alternative  to rabbits for endotoxin (pyrogen).



Spawning 

Horseshoe 

crab in 

Travenol Sea 

Tank

Picture, courtesy of Marlys Weary



Horseshoe Crab eggs

Travenol Sea tank 1978
Note 3-mm egg and freshly molted larvae



Nature of US Biomedical 
LAL  Industry

•First commercial LAL made in Chincoteague VA by 
Cooper in 1971.

•Lysate is a relatively small global industry,  ~$400 
million for reagents, accessories and instruments.

•Five firms located on US east coast supply FDA-
approved LAL reagent, worldwide 

•About 600,000 HSC are collected in US for LAL, a 
small fraction of over 100 million HSC in the Atlantic.

•Provides livelihood for watermen; their alternative 
to LAL is the bait market.

•New Survey: There is no evidence that the LAL 
industry impacts negatively on HSC sustainability. 

•Similar to human blood donation, HSC do not die 
during the bleeding process.



Horseshoe crab eggs on 
beach in NJ Delaware Bay

▪Abundant horseshoe crab  
eggs for migratory birds on 
Highs Beach, NJ; they also eat 
blue mussels.  

▪Photo taken 1 June 18.

▪LAL has no adverse impact 
on red knots in Delaware Bay.

▪Claim that rFC would save 
the threatened red knot is 
irrelevant

▪30 % of red knots don’t fly 
north through Delaware Bay. 



How do Biomedical Firms 
Conserve Horseshoe Crabs

•Return-to-sea policy from the outset by Levin 
and Cooper, then perpetuated by Seligmann at 
FDA in 1973;

•Initiation of HSC spawning survey in 1990 for 
Delaware Bay by Finn and Swan;

•Advice to ASMFC in 1998 for FMP (Fisheries 
Management Plan) for HSC; it limited baiting.

•Collaboration with ASMFC in 2011 to produce 
Best Management Practices for LAL firms, and

•Development of micro-fluidic methods to 
drastically reduce LAL consumption.



Unique Horseshoe Crab 
Conservation Practices by CRL

• Bait fishing for eel & conch was banned in South 
Carolina in 1991, a model for fishery managers.

• Majority of horseshoe crab blood donors at CRL are 
male, minimizing impact on egg production.

• Donors are collected in the cool of evening by hand 
harvesting.

• All crab handlers and watermen are trained by 
written procedures in animal care & husbandry.

• Since LAL made the HSC valuable, fishermen do not 
destroy horseshoe crab by-catch. 

• Growth of LAL cartridge method has reduced the number
of donor crabs needed.

15



After bleeding, 

horseshoe crabs are 

returned quickly and 

safely to deep

(>20 feet) seawater 

access



Table 1.  Summary of Estimated Post-bleeding Mortality Studies 
Relative to LAL Biomedical Firms & Best Management Practices

• Author and Date Location Number Mortality Relevance of Methodology to Biomedical Practices

• Rudloe A, 1983 FL Gulf Coast 10,062 11% 1) Release & recapture from bay.  Recovery of 1415,  85 dead

• 80 2.5% 2) Bled and un-bled held in small pen for 30 days

• Thompson M, 1998 Charleston 40 15% Bled and un-bled held in open sea-water enclosure for 7 days

• Yadon D, Endosafe, ’99 Charleston 252 8.3% Bled and un-bled held in sea pond for 2 weeks

• Walls, Berkson, 2003 Hampton, VA 400 8% Bled and un-bled held in replicated flow-through tanks 2 weeks

• Hurton & Berkson, ‘06  Blacksburg, VA      200 0 1) Bled & un-bled held in tanks for 2 wks. low stress conditions“

• 195 8.3% 2) Bled & un-bled held in tanks under "high stress conditions“

• Leschen & Correia, ‘10  Woods Hole 281 29.8% Unexplained tank variation disqualifies this study.  HSC

excessively stressed and held in tanks.  Methods NOT 
representative of Biomedical BMPS; temp. & air exposure. 

• Anderson et al., 2013 Durham, NH 56 17.9 HSC excessively stressed and held in various small tanks.  
Methods NOT representative due to temp. & air exposure

• Linesch K, 2016 Bluffton SC 100 Female 11% Well structure study of bled and un-bled females  held in 
seawater ponds at low densities for up to 8 wks.  Observed 
negative impact of heavy epibiont coverage



Data from Leschen and Correia (2010) rearranged 
to reveal and compare mortality by tank number

TANK No. HSC
Tx. 1 & 2

MORTALITY (no.)
Tx. 1 & 2

MORTALITY (%)

1 32 5 15.6

2 40 11 27.5

3 27 13 48.1

4 23 2 8.7

5 29 12 41.4

6 32 8 25

Unexplained mortality variation by tank indicated microbial or chemical contamination 
disqualifies this study for being applicable to mortality estimates.



Bled horseshoe crab tagged June 21,2018 and released in a creek a little to the south 
of Moore’s Beach and found spawning July 1, 2018 on Moore’s Beach.



• A realistic calculation of HSC loss to LAL follows:  

• The Delaware Bay Composite Index reports 34 
million HSC in DB.  Theoretically, if there were 
100,000 LAL donors of Delaware Bay origin, and 
we assume an annual 10% loss, the theoretical 
10,000 lost are <0.05% of the population or less 
than one-in-two-thousand. 

• This minimal loss is a valuable use of a precious natural 
resource.

• The LAL industry has > 40 years experience in 
minimizing HSC mortality.

• There is no credible evidence that biomedical use 
threatens sustainability of HSC; 

•Rather, LAL provides a positive impact.

A Realistic Look at HSC Mortality



LAL Protects Horseshoe Crabs from 
Commercial Baiting

• The destruction of horseshoe crabs 
for bait is a deplorable site!

• The biomedical’s need for the HSC 
drove the development of 
regulations to protect them. 

• Without the need for LAL, the legal 
protection for the horseshoe crab is 
not guaranteed;  they would again 
fall prey to overfishing as eel and 
whelk bait.

• An artificial bait is the primary goal 
for protecting Limulus. 



Normal Attrition of Horseshoe 
Crabs after Spawning



Options: American Help for China

• Endotoxin assays in China use 1st generation, inefficient gel-clot 
methods in glass tubes. TAL (Tachypleus) makes up about 20% of 
world's lysate supply, so about 100,000 Limulus would replace TAL 
under current conditions.  This is worst case scenario.

• Best option: Develop methods, spectrophotometer instruments and 
software that enables this market to conduct endotoxin tests with 
greater efficiency and reliability while consuming only a fraction of 
traditional amount of lysate.



Modified Microplate

• A 25-μL volume of TAL and sample rather than 100 μL;
• Proprietary microplate with smaller diameter wells for 

productive detection path; and
• Potential for automated pipetting system to reduce analyst 

error.



Summary: Amebocyte Lysate Industry

• Endotoxin testing will be done with much smaller volumes of 
lysate in the near future.

• LAL will continue to protect our drugs, the horseshoe crab 
and migratory birds.

• That LAL threatens HSC sustainability is a myth.

• 90% of HSC survive LAL processing

• LAL is HSC’s greatest conservator; HSC thrive in areas where 
baiting is banned and LAL is produced.

THANK  YOU



Background & Introduction for LAL Guidance

• FDA’s LAL Guidance of 1987 was retired in July 2011. Cooper J. 
FDA withdraws LAL test guideline. Endosafe Times. 15(1), 2011.

• New endotoxin/pyrogen guidance is in Q&A format.

• http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegu
latoryInformation/Guidances/UCM310098.pdf

• New guidance in not a replacement for 1987 guide; it 
contains no procedures or new policies.

• Introduction: the new guide is intended to describe current 
FDA thinking and clarify issues that are subject to 
misinterpretation or are inadequately covered elsewhere. 

• USP  has drafted 〈1085〉 Guidelines on the Endotoxins Test
that is very detailed in procedures and descriptive info. 

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM310098.pdf


FDA   Q & A   Guidance  2012

Q & A Issue Description

Sampling Scheme Sample throughout mfg. process

Retests Follow spirit of FDA’s OOS Guidance

Pooling samples Adjust MVD for number of pooled samples

Endotoxin Limit (EL) Calculate per USP <85> or AAMI ST72:2011

Quality by Design Suggests quantitative methods for trending

Medical Devices Use EL and extraction method per AAMI ST72:2011 
and/or USP <161>

Interference testing Show I/E data in CMC for NEW drug product



Jeffery Weber, Rapid BET for PAT, 
FDA Training Seminar, May 2013

• Objectives of rapid endotoxin tests:

– Reduce operator steps

– Reduce lab investigations

– Decentralize BET to manufacturing areas

• Business Benefits of System to Pfizer

– Decline in number of deviations & investigations

– Reduction in assay costs, particularly low-volume sites

– Enhanced product quality by rapid tests upstream of final 
product, per QbD initiatives



Revision of ANSI/AAMI ST72:2011

• Current Jan 2012 entitled: Bacterial endotoxin—Test 
methods, routine monitoring and alternatives to 
batch testing.

• Specifies general criteria for determining endotoxins 
on sterilized or sterilizable healthcare products, 
components or raw materials. 

• Methodologies cover all BET methods.

• Best BET document for background & procedures.

• Next revision expected by 2020; current problem with 
FDA review regarding implants.



• IV administration of LPS evoked rapid, dose-dependent 
biphasic fever. 

• Injection of LPS by IM, subcutaneous or intraperitoneal routes 
also evoked dose-dependent fever, but were monophasic, 
had increased latency of onset and were of lower amplitude. 

• Approximately 10 and 100 times standard IV dose was 
required to produce a similar peak rise in temp when given 
subcutaneously and intraperitoneally. 

• Cartmell T. 2002. Route of administration differentially affects fevers induced by Gram-
negative and Gram-positive pyrogens in rabbits. Experimental Physiology 87.3, 391-399. 

Route of Administration Affects Fever 
Response in Rabbits



FEVER INDEX

Representative fever curves 
in rabbits following 
administration of purified 
endotoxin of E. coli.  1971

0.1 μg produced a 
monophasic curve; 0.5 μg 
produced a biphasic curve.  
Biphasic curves were 
characteristic of febrile 
responses with a fever index 
greater than 25 cm2.



Greisman, S. & Hornick, R.  Proc. Soc. Exptl. Biol. Med., Vol. 
131, 1154-1158 (1969)



Rabbit Pyrogen vs Endotoxin Test
Greisman and Hornick. 1969. Comparative Pyrogenic Reactivity of 

Rabbit and Man to Bacterial Endotoxin

• Conducted studies in rabbit and man.

• Used LPS from Salmonella typhosa, Escherichia coli, and 
Pseudomonas sp. 

• Rabbit peak responses occur at 1.5 hours.

• Man peak responses are after about 3 hours. 

• Confirmed induction of threshold pyrogenic doses similar in 
rabbits and man

• For large doses, the dose-response relationship is steeper for man.

• For total dose, rabbits require smaller quantities to elicit threshold 
febrile responses.



Hochstein D, et al. 1994. Properties of US Standard Endotoxin 
(EC-5) in human male volunteers. J Endotoxin Res

• EC-5 (purified E. coli LPS) tested widely in rabbit:

– In rabbits, IV dose of 10 EU/kg to 15 EU/kg necessary 
to produce a minimum pyrogenic reaction (0.5C or 
greater).

– In humans, 4 EU/kg to 8 EU/kg necessary to produce 
any reaction. 

• Thus 5 EU/kg  PER HOUR

– In humans, 8 EU/kg was required to induce  >1.0◦ F

rise in 12/12 volunteers and symptoms such as 
chills/myalgia, 8/12.

– Basically, 500 to 700 EU total dose was required to 
induce symptoms in human volunteers



5 EU/kg Derived using RSE Activity

• Reality:  2-10 times this amount of LPS activity is necessary to 
have RPT failure depending on source and aggregation state.  

– Rabbits given 10 EU/kg passed RPT 90% of time

– Some rabbits passed at 80-500 EU/kg

– Rabbits routinely passed at 1-40 EU/kg

– Rabbits required 1250-2500 EU/kg of Pseudomonas 
endotoxin to exhibit a response. 

– Variability and sensitivity are major limitations of the 
RPT

Therefore, RPT is about 1000X less sensitive than the 
BET.



BET & MAT Negative

IGIV-C Eight Rabbit Fever Curve 

Final Container Batch 26NH9N0 Total Rabbit Temperature rise

38

38.5

39

39.5

40

40.5

41

Initial Temp. 60 Min 90 min 120 min 150 min 180 min

Time

°C

Rabbit 1

Rabbit 2

Rabbit 3

Rabbit 4

Rabbit 5

Rabbit 6

Rabbit 7

Rabbit 8



BET  OOS  Case Study

 Gel Clot (GC) tests of 3 batches of Cancer drug exceeded action 
limit. Investigation initiated.  1st retest confirmed OOS.

 Thorough review of lab and manufacturing revealed no source of 
contaminants; WFI was <0.05 EU/mL.

 Tests of API from foreign source were OOS.

 Ten vials were retested using GC and KTA where LAL was 
reconstituted with ESB (endotoxin-specific buffer). All retests gave 
results of no detectable endotoxin.

 What was the cause of the OOS? 

 What is the likely source of the LAL Reactive material?

 How do we get these 3 lots released?



• From 23Dec11 to 3Jan12, WFI still & distribution system shutdown for PM 
on still. Due to poor design, Loop 2 didn’t completely drain & left residual 
water.

• Water samples after 3 Jan 2012 startup had 12 results with detectable or 
elevated (OOS) endotoxin values; Elevated TOC and Conductivity;  Plant 
shut down

• Condenser was found leaking cooling water into the WFI system and Heat 
Exchanger.

• Corrective action included repairs and sanitization with Astro Pak Process.

• BET positive ports caused 2nd shutdown on 19 Jan 2012; led to repair and 
upgrade of several ports.

• A port gave 721cfu/plate on 8 Aug 12; root cause given to personnel error.  
Periodic port samples had elevated BET.

• Late 2012, all BET analysts reassigned or terminated.

Contaminated WFI System at LVP/SVP Site



Prominent Pyrogen Outbreaks

• 1972. Aseptic meningitis from intraspinal radioactive drug 
caused by untreated resins.*

• 1973. Baxter LVPs contaminated by biofilm in filling head.

• 1974. Biologics reported 45% of  albumins had detectable pyrogen.

• 1996. Water & 25% glucose vials with debris and endotoxin; 35 infants 
in Brazil.

• 1998. Gentamicin API contaminated with process water.*

• 2001. Aseptic peritonitis from peptidoglycan in dialysis solutions.*

• 2009. Intra-lipid solution (TS) contaminated by bioburden in aged 
filling lines and tanks.

• 2010. Endotoxin contaminated peritoneal dialysis solutions.

– *See: J Cooper & K Williams. 2007. Pyrogenicity case studies, in Endotoxins, 3rd edition, K 
Williams editor, Marcel Dekker, NYC, 273-283.



What Constitutes a Pyrogenic Reaction?

• Drug related pyrogenicity will be reported in clusters.

• Relatively low amounts of endotoxin will induce a 
monophasic response with a peak at 1-3 hours after 
injection.

• In rabbits, higher doses of endotoxin contamination will 
induce a biphasic fever curve with a second peak at 
about 4-6 hours after injection.  A 3-hr study may be 
inadequate

• Life-threatening doses of endotoxin pyrogen may result 
in coma and lower rather than elevated fever response.



Propofol Injectable Emulsion 1%
10 mg/mL propofol 20, 50 & 100 mL vials

• Product is an emulsion containing 10% soybean oil, EYP (egg 
yolk phospholipid), glycerol and metasulfite (retards 
microbes?).

• The water, oil and EYP are mixed and emulsified 
(microfluidization unit), then collected in one tank. 

• A 3300 L batch is filled in 4 or more sterilizer runs where 
process is at ambient temp. Need 30-40 hr to complete fill.  

• BET analysis of one pool (3 vials) taken BM&E from entire lot; 
Lab BET function was credible.  EL = 0.33 EU/mg. Sampling 
plan inadequate

• A few pyrogenic episodes related to 2 lots; no cluster.

• Propofol has notorious history of pyrogenic reactions due to 
multiple doses taken from a vial.



What was the Root Cause?

Where was the Bioburden?
• How much endotoxin was in the batch?
• What is most likely source of bioburden?

– Water or soybean oil
– Components
– Emulsifier (not sterile)
– Equipment
– Process

• Why did they fail to detect OOS endotoxin?
– Errant BET analyses
– Sampling scheme

• Was there actually a pyrogen outbreak here?



Warning  Letter:
Terminally Sterilized Product

• Failed to test raw materials

• Failed to determine root cause for an out-of-trend 
endotoxin level

• Sampling plan of BME was inadequate

• Failed to submit a scientific rational for an increased 
BET sampling plan!

• Failed to test in-process non-sterile bulk

• Inadequate tests of stoppers



BET Deficiencies in Warning Letter

• Did not vortex-mix sample vials before taking 
an aliquot for the BET.

• Did not properly check the pH.

• Did not assure protection of gel-clot assay 
tubes from vibration during incubation.

• All above issues reflect FDA’s inadequate 
understanding of the BET.



Inadequate Sampling

• Release test: a pooled sample of BME 
(beginning, middle & end) by gel clot

• Batch size ranged from circa 28K to 50K.

• Complex formula contained an excipient from 
natural source; low, but detectable bioburden

• Endotoxin limit had minimal safety factor, 
ratio of 3:1, due to high dose & LAL method

• OOS and out-of-trend results had vial-to-vial 
variation



 Pyrogenic reactions occurred over 19 month period 
beginning 4/98; gentamicin from 2 generic vendors.

 Pyrogenic reactions (5 severe)  in 155 patients; unknown 
number occurred in Asia and Europe.

 Voluntary recall of IV gentamicin by vendors and import 
ban for API producer.

 Etiology: API gentamicin from Chinese supplier; FDA found 
many GMP violations, impurities.* 

 *(Friedman RL, PDA Journal Pharm Sci Tech. 59:121-122, 2005)

Pyrogenic Reactions from Gentamicin during 1998-1999 
FDA Report at 1999 PDA Annual Mtg.

Dr M Fanning, Assoc. Dir. Med. Affairs, CDER



Symptom Occurrence (%)

Chills and fever 57

Rigors 20

Shivering/Shaking 33

Tachycardia, hyper-/hypotension 41

Respiratory symptoms 22

*Fanning, et al., NEJM 343:1658-9, 2000

Gentamicin Adverse Events
Investigated by FDA*   5/98–8/99



 CDC Study Period: 30 APR to 26 JUL 98

 Incidence:  25% of patients

 Endotoxin  Levels: 0.8 EU/mg  in  two lots,  both  
from  same  generic  supplier

Worst  case  scenario:  Dose  of  5.6 EU/kg  for  7 
mg/kg  of gentamicin

One case of aseptic meningitis from IT

Cluster  of  Pyrogenic Reactions to 
Gentamicin:  CDC 1998



Etiology traced to multiple problems in 
production of API, including but not 
limited to endotoxin and high levels of 
impurities.

Once daily dosing may have unmasked 
API pyrogenic contamination problem.

 “Off label” dosing may lead to 
unexpected ADEs due to higher levels 
of impurities or patient illness.

Conclusions of FDA Study



• For decades, gentamicin IPA was available with 
little or no detectible endotoxin.

• The API source from China contained near 
Endotoxin Limit levels.  Outbreak was avoidable; 
e.g., one QC unit in India refused to accept the 
out-of-trend API.

• In the 1990s, administration of gentamicin 
changed from divided to single dose, leading to 
pyrogenic levels.

Out-of-Trend Gentamicin



• No significant levels of Peptidoglycan found.

• Pyrogenicity occurred near the endotoxin limit. 

• Likely explanation for unexpected pyrogenicity is 
synergy of threshold endotoxin levels in GS and the 
endotoxin liberating-effect of the antibiotic upon 
infected patients.*

• *Mock CN, et al. 1990. The clinical significance of endotoxin released 

by antibiotics: what is the evidence? J Endotoxin Res 2(3):253-59.

Cause of Pyrogenic Reactions to GS



<1228> Depyrogenation Series –
Current Status             USP

• <1228> Depyrogenation

– <1228.1> Dry Heat Depyrogenation

– <1228.2> Chemical Depyrogenation

– <1228.3> Depyrogenation by Filtration

– <1228.4> Depyrogenation by Rinsing

– <1228.5> Endotoxin Indicators for Depyrogenation

– <1228.6> Endotoxin Control



K. Tsuji & S. Harrison. Appl. Environ. Microb. 36:710, 1978



Validation of Depyrogenation by Rinsing   USP

Factors that should be considered during the extraction of endotoxin activity:

• 1. Inoculated units should not be pooled for analysis. The conceptual basis for this 

study design is to determine the depyrogenation capability of the process.  Pooling 

extracts from a number of units would not allow evaluation of reproducibility and would 

also bias the results. However, there may be a unique circumstance in which accurate 

or valid results may not be possible because of a small sample size or other logistical 

or practical considerations. If articles are pooled, the reason for pooling should be 

documented in the body of the protocol.

• 2. The test result must account for all sources of dilution. For example, the units for an 

LAL test are EU/mL. If the extraction volume is 1 mL/stopper, then the result of the test 

is really EU/stopper.  However, if the extraction volume is 5 mL/stopper, then each 

milliliter of the extract is a 1:5 dilution of any endotoxin activity that has been extracted 

from the indicator.

• 3. The log reduction is calculated using the following formula:

Log10 reduction = (log10 recoverable activity) − (log10 residual activity)



J. F. Cooper

FDG Purification by Activated Alumina
Cooper, et al. Alumina depyrogenates FDG during synthesis, 

PDA J Parenter Sci Technol 66 (3) 2012



Conventional vs New

Conventional Thinking (<1211>)

• Endotoxin Indicator is a glass 
vial spiked with purified 
lipopolysaccharide (LPS)

• Purified LPS is the only 
acceptable analyte to use for 
spiking

• Spike with 1000 recoverable 
endotoxin units

• Demonstrate a 3 log reduction

• All depyrogenation re-validation 
studies must include Endotoxin 
Indicators

Alternative Thinking 1228.x>

• Expanded definition of Endotoxin 

Indicators to include any materials 

undergoing depyrogenation, including 

product streams

• Particularly for product streams, <1228.5> 

provides an alternative to challenge the 

depyrogenating method with NOE, which 

may be a more realistic challenge

• Spike with a level of analyte needed to 

demonstrate reduction to safe levels. For 

naturally contaminated materials, 

additional spike may not be necessary

• Demonstrate reduction to safe levels as 

referenced to the calculated endotoxin limit

• Some validated, stable processes (e.g. dry 

heat) may not require the continued use of 

EIs upon revalidation



Progress of Expert Committee (EC) on New 
Depyrogenation Chapter <1228>

• The EC’s decision to create a series of chapters on 
depyrogenation resulted from over 30 years of 
knowledge, experience and technological advances in 
manufacturing process and control, including the 
control of endotoxin contamination.

• Their proposals for alternate thinking rely heavily on 
the principles of QbD and Risk Management to reduce 
risk and implement prudent continuous control 
measures.

• Theirr focus is on data to demonstrate patient safety, 
and less on using traditional approaches to “cookie 
cutter” depyrogenation validation and monitoring.



Endotoxin Testing for Topical Ophthalmic 
Products no Longer Required

• At PDA's Micro 2014 meeting, Dr. John Metcalfe, Senior Review 
Microbiologist of CDER's New Drug Microbiology Staff, said that CDER 
will not require endotoxin limits for approval of NDAs for topical 
ophthalmic solutions and ointments.

• Problem originated from inaccurate BET done on an ophthalmic 
surgery solution associated with an outbreak of TASS (toxic 
anterior segment syndrome), an acute inflammation of the eye 
following cataract or ocular lens-replacement surgery.  
Outbreak in 2005 involved at least 112 patients.

• A group of ophthalmic surgeons and other professionals, 
investigated the etiology of these adverse effects, including the 
use of medications, intraocular surgical tools and operating-
room practices.  



LER: Fact or Fiction
• In Sting, two con artists succeeded in exhorting a large sum of money from a 

big time crime boss. They devised a complicated scheme and amassed a 
talented group of con artists who wanted a share of the compensation. Is 
LER a similar long con game?

• It is believable that the long con of LER began when the owner of 
bevacizumab learned that Amgen and Allergan were nearing approval of a 
biosimilar (Biosimilar Candidate ABP 215) that threatened their block-buster 
drug.

• After observing that LPS as RSE or CSE wasn’t detectable after being added 
undiluted to their mAb, they convinced a gullible FDA leader that a health 
hazard was imminent; therefore, their drug formulation was too hazardous 
to be allowed as a biosimilar.

• To support the FDA head, they asked a scientific org. to form a task force to 
write a fallacy-filled report to support the FDA leader.  No hazard was found, 
but this was not reported in the final report.

• Co-conspirators appeared in the form of advocates of alternative methods 
and scientists of curious relation to the mAb owner.  What do you think?
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