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ABSTRACT: Data presented in this study indicate that there is considerable variability in spike recoveries between 
th~ee different_ kinetic LAL methods as used for the testing of a variety of parenteral products. However, successful 
spzke recovenes were observed for each of the thirteen products under test on at least one of the three kinetic 
methods used, suggesting that problems caused b.v spike recovery variability may be easily controlled in the 
laboratory by flexibility in the choice of method. 

Introduction 

Among the most significant of all parenteral contami
nants are endotoxins, components of the cell wall of 
gram-negative bacteria (l ). These substances, chemi
cally defined as lipopolysaccharides. are capable of 
causing pyrogenic responses in both healthy and debili
tated animals (2). Historically, the USP rabbit pyrogen 
test was used to detect the presence of these substances 
in parenterals (3). The Limulus Amebocyte Lysate 
(LAL) gel-clot test. as described in the USP monograph. 
"Bacterial Endotoxins Test" (4) and the FDA "Guide
line on Validation of the Limulus Amebocvte Lvsate 
Test as an End-Product Endotoxin Test for Huma~ and 
Animal Parenteral Drugs. Biological Products and Med· 
ical Devices" {5) is replacing the rabbit pyrogen test as 
the standard method for the detection of endotoxins in 
pharmaceutical products (6). The kinetics of the gel clot 
reaction have been studied (7) and in recent years have 
been used as the basis for quantitative LAL tests (8, 9, 
10). There are currently two types of LAL reagent 
formulated specifically for kinetic analyses-the kinetic 
turbidimetric (II) and the kinetic chromogenic (12). 

Variability in the LAL test has been studied and many 
have been documented. Sources of variation include 
formulations of LAL reagent and control standard 
endotoxin, container effects on endotoxin preparation, 
laboratory materials and equipment, lot-to-lot product 
variation, and LAL test method ( 13-17). The following 
study was undertaken to demonstrate test variability 
between three different kinetic methods. Every effort 
was made in the design of the study to reduce variability 
by factors other than the test method itself: 

I. The USP Reference Standard Endotoxin (Lot F) 
was used for all testing to eliminate variability in recov
ery due to any specific interaction between a given 
lysate and the corresponding CSE preparation. 

Received Septemoer 24. 1991. Accepted for puhlication January 20. 

·~~ . 
~Author 10 whom correspondence should he addressed: 7 La1oure1te 

Road. While house Station. NJ llXHH9. 

Vol. 46. No.3 I May-June 1992 

2. In order to compare methods. a standard curve 
range of 0.05-5.0 EU/ml was employed for all 
testing, regardless of the standard curve range 
suggested or advertised for the method. Lambda 
(A), or the lowest point on the RSE standard curve, 
was always 0.05 EU/ml. 

3. To eliminate variability which may be caused by 
lot-to-lot differences in product chemistry, only 
one production lot of each compound was used for 
this study. 

4. There are two types of instruments currently mar
keted for kinetic LAL analyses-microplate read
ers and tube readers. In order to eliminate test 
data variability due to instrumentation. a single 
instrument, the Thermomax microplate reader with 
Softmax version 2.2 software for Macintosh with 
Endotoxin Applications Package (Molecular De
vices Corp, Menlo Park, California) was used for 
all test methods. The recent FDA "Interim Guid
ance for Human and Veterinary Drug Products 
and Biologicals-KineticLAL Techniques" states, 
"Instrumentation other than that recommended by 
the lysate manufacturer can be used" provided that 
the user establish performance characteristics ( dem
onstrate linearity) for each lot of reagent ( 18). 

Materials and Methods 

Endotoxin 

Vials of USP Reference Standard Endotoxin, Lot F 
(RSE) were obtained from the United States Pharma
copeia! Convention, Inc., Rockville, MD. Endotoxin was 
reconstituted and diluted, and the concentrate was 
stored as per USP instructions. Endotoxin dilutions, 
however, were prepared daily and standard curves were 
included on each plate of test samples. RSE was used in 
preparing both standard curves and product spikes. 

Limulus Amebocyte Lysate (LAL) Reagem 

Only reagents licensed specifically for the test method 
at the time of the study were used. Pyroteii-T (Associ-
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ates of Cape Cod, Woods Hole. MA) was used for all 
kinetic turbidimetric assays. Kinetic-QCL kits (BioWhit
taker. Inc., Walkersville, MD) were used for all kinetic 
chromogenic tests. Reagents were reconstituted and stored 
as per manufacturer's instructions (II, 12). To eliminate 
variability due to reagent lot, lot numbers of all reagents 
were consistent for testing of any given compound. 

Samples 

Donations of products were received from various 
sources. The only modification made to test samples was 
to bring them into the proper pH range for the assay. pH 
adjustment was accomplished by the use of endotoxin
free 0.1N NaOH or 0.1N HCl, as suggested by lysate 
manufacturers' instructions ( 11, 12}. 

LAL Reagent Water (LRW) 

LAL reagent water (LRW) is defined as water which 
when tested alone gives no response at the lowest level 
of the standard curve (0.05 EU /ml}. LRW was obtained 
either from Endosafe, Inc. (Charleston, SC} or BioWhit
taker (Walkersville, MD). 

Plates 

Sterile, flat bottom microliter plates obtained either 
from Nunc (#168055) or Falcon (#3072) were used for 
the study. To eliminate variability due to plate manufac
turer, the manufacturer and lot number were consistent 
for testing of any given compound. 

Glassware I Plasticware 

Either borosilicate glass rendered endotoxin-free hy a 
validated dry heat cycle or sterile disposable polystyrene 
tubes (Falcon #2001) were used to prepare endotoxin 
and product dilutions. All plasticware was tested prior to 
use for test interference, and was found to be non
interfering. To eliminate variability due to glass or 
plastic, the type of vessel used for preparation of 
standards and samples was consistent for testing of any 
given compound. 

Assay Method 

Reagent manufacturers' instructions for test method
ology and analysis parameters were followed for all 
testing ( 11, 12). For the kinetic turbidimetric assay, two 
methods which differ in the ratio of sample to reagent 
were used. One method employs the same 1:1 sample: 
lysate ratio used in the gel-clot test. The other method 
uses a 4:1 sample: lysate ratio, suggested for use with the 
lysate manufacturer's tube reader instruments. For both 
turbidimetric methods, plates were read at a wavelength 
of 340 nm. Plates for the kinetic chromogenic assay were 
read at 405nm, as suggested by the reagent manufac
turer. Optical density readings for all methods were 
taken every eleven seconds. 

To make the comparison of results from different test 
methods easier, and for consistency in calculating MVD 
values, standard curves for all methods ranged from 0.05 
EU/ml to 5 EU/ml (h. = 0.05 EU/ml), regardless of the 
sensitivity claims or standard curve ranges suggested b~ 
the reagent manufacturers. Standard curves were not 
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archived, but rather were included on each plate of test 
samples. All standard curves met the requirement for 
linearity (r ::::: -0.980) as described in the FDA Guide
line and Interim Guidance for Kinetic LAL Techniques 
(5, I 8). Products were spiked at levels suggested by the 
reagent manufacturer (4X or 0.2 EU/ml for kinetic 
turbidimetric, and 0.5 EU /ml as calculated from the 
Pass/Fail Cutoff for kinetic chromogenic). Spike recov
eries were initially analyzed as per reagent manufactur
ers' instructions of ±25% for kinetic turbidimetric, 
±50% for kinetic chromogenic.* 

Instrumentation 

The Thermomax microplate reader (Molecular De
vices Corp, Menlo Park, CA) and Softmax version 2.2 
software for Macintosh with Endotoxin Applications 
Package were used for all testing. Instrument, template, 
and analysis parameters were set to conform with 
reagent manufacturers' instructions. The instrument 
was set to shake the plates once prior to incubation in 
order to mix the reagents. After that, plates were held 
stationary during incubation and reading. Spike recover
ies were calculated by interpolation from the RSE 
standard curve and reported by the software as a percent 
of the nominal value of the spike. 

Results 

For this study, three concentrations of each product 
were tested: product diluted to the calculated Maximum 
Valid Dilution (MYD). 1/2 the MVD, and 1/10 the MVD 
using 0.05 EU /ml as the value for lambda in all calcula
tions (5). None of the products was found to have 
detectable background levels of endotoxin contamina
tion, as measured in unspiked samples diluted to the 
same three concentrations (MVD, Y2 MVD, Y10 MVD). 
The data collected from the testing of 13 parenteral 
products are presented in Tables 1-3. In reading and 
interpreting the data, the reader is cautioned: 

I. In Tables 1-3, kinetic chromogenic data were ana
lyzed as per manufacturer's instructions at the time 
of the study which allow ±50% recovery of the 
nomial spike value for a successful spike recovery. 
Kinetic turbidimetric data were analyzed using the 
manufacturer's recommendation at the time of the 
study of a ±25% recovery window. 

2. Kinetic turbidimetric assays were performed in 
plastic microliter plates. It is not recommended 
that data gathered under these conditions be com
pared to data gathered using tube readers in which 
the reactions are done in glass. 

3. Data summarized in Tables 1-3 do not represent 
full validations (i.e., analysis of three lots of prod
uct) as required by the FDA Guideline (5}. 

Most products tested in this study were inhibitory. In 
LAL testing, inhibition may be defined as an endotoxin 

• Subsequent to the release of the FDA Interim Guidance for Kinetic 
LAL Techniques (Ill). Associates of Cape Cod has changed its 
product insert to recommend a :!: 50% recovery on spiked products. 
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TABLE I 
Parenteral Products Tested at MVD 

% Recovery of Nominal Endotoxin Spike Value 

K/T K/T Chromo-
Compound l\fVD 1:1 4:1 genic 

Iothalamatc Mcglumine so 93 125 106 
Sodium Oxacillin 200 119 123 117 
Cefotetan Disodium 170 99 96 123 
Heparin 600 > 134 82 73 
Gentamycin 1700 96 115 49 
50% Dextrose 100 82 97 107 
Insulin 5000 78 79 91 
5% NaCI 70 92 99 81 
Benz. Pro. Pen G 600 > 135 > 130 98 
Leucovorin Ca 14000 169 154 108 
Digoxin 1000 146 197 142 
Succinyl Choline 800 117 Jl5 109 
5% NSA 10 92 49 73 

Summary of testing at the Max1inum Valid Dilution (MVD) for each 
product/method combination. Numbers in the last three columns 
represenr '« spike recovery, as compared to the nominal spike value of 
0.2 EU/ml for turbidimetric methods and 0.5 EU/ml for the chromo· 
genic method. 

recovery that is less than the nominal spike value 
(endotoxin detected < endotoxin added). For data anal
ysis as currently recommended in the manufacturers' 
product inserts, the recovery value for an inhibitory 
product is less than 75% of the nominal spike for kinetic 
turbidimetric, and less than 50% of the nominal spike 
for kinetic chromogenic. Assaying products at the most 
concentrated level (1;\o MVD) resulted in the fewest 
successful spike recoveries due to product interference 
(inhibition). As expected, assaying products diluted fully 
to the MVD limit increased the proportion of successful 
spike recoveries. For all methods utilized in the study, 
simple dilution in LRW proved to be an easy and 
effective method for overcoming test interference. 

TABLE II 
Parenteral Products Tested at 1/2 MVD 

% Recovery of Nominal Endotoxin Spike Value 

112 K/T K/T Chromo-
Compound MVD 1:1 4:1 genic 

lothalamate Meglumine 25 68 68 107 
Sodium Oxacillin 100 93 110 100 
Cefotetan Disodium 85 116 86 102 
Heparin 300 92 25 38 
Gentamycin 850 56 32 61 
50% Dextrose 50 87 98 84 
Insulin 2500 78 51 104 
5% NaCI 35 101 89 88 
Benz. Pro. Pen G 300 43-154 42-93 92 
Leucovorin Ca 7000 96 83 94 
Digoxin 500 96 140 105 
Succinyl Choline 400 89 70 89 
5':C NSA 5 85 39 40 

Summary of testing at one-half (1/2) the Maximum Valid Dilution 
(MVD) for each product/method combination. Numbers in the last 
three columns represent <ir ~pike recovery. as compared to the 
nominal spike value of 0.:! EU ml for turbidimetric methods and 0.5 
EUtml for the chromogenic method. 
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TABLE Ill 
Parenteral Products Tested at 1/10 MVD 

% Recovery of Nominal Endotoxin Spike Value 

1/10 K/T K/T Chromo-
Compound MVD 1: I 4:1 genic 

lothalamatc Megluminc 5 0 0 s 
Sodium Oxacillin 20 65 99 84 
Cefotctan Disodium 17 102 0 64 
Heparin 60 31 0 9 
Gentamycin 170 43 24 88 
50% Dextrose 10 29 21 67 
Insulin 500 94 0 95 
5% NaCl 7 105 66 94 
Benz. Pro. Pen G 60 61-153 0-197 108 
Leucovorin Ca 1400 88 87 89 
Digoxin 100 80 113 95 
Succinyl Choline 80 74 57 80 
5o/c NSA Undiluted 81 0 3 

Summary of testing at one-tenth (II 10) the Maximum Valid 
Dilution (MVD) for each produwmethod combination. Numbers in 
the last three columns represent r.c spike recovery. as compared to the 
nominal spike value of 0.2 EUtml for turbidimetric methods and 0.5 
EU/ml for the chromogenic method. 

In comparing the two kinetic turbidimetric methods, 
spike recoveries were generally better using a 1: I sample: 
lysate ratio than the 4:1 sample:lysate ratio method 
suggested by the reagent manufacturer for tube readers. 
These observations are consistent with those published 
by researchers at Associates of Cape Cod when compar
ing different sample:lysate ratios for the kinetic turbidi
metric test ( 19). 

Benzathene Procaine Penicillin G is a milky suspen
sion which was expected to interfere with spike recover
ies on the kinetic turbidimetric test methods. In fact, the 
product was tested numerous times, and was found to 
interfere to varying degrees with turbidimetric measure
ments as evidenced by the broad range of recoveries 
reported in the Tables. Since the plate is held stationary 
during both incubation and reading, settling of the 
product most likely occurs during the course of the test. 
One might expect that this product settling would affect 
both the turbidimetric and chromogenic test methods. 
However, the chromogenic test is read at 405nm which is 
optimal for measuring the development of yellow color. 
At this wavelength, suspended particles are not a signifi
cant interference in the presence of color development. 

For the products under test and the conditions of the 
study, the kinetic chromogenic test method resulted in 
the highest overall percentage of successful spike recov
eries. However, for the kinetic/turbidimetric methods, 
the percentage of successful spike recoveries were dra
matically increased when the analysis parameters of 
±50% contained in the FDA Interim Guidance for 
kinetic methods (18) were applied (Table 4). 

Discussion 

The preparations surveyed in this study covered a 
wide range of SVP and LVP parenteral products includ
ing antibiotics, contrast media, biotech products (insu
lin), and biologics (5% albumin). For simplicity of 
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TABLE IV 
Percent Successful Spike Recoveries for Th1rteen 

Parenteral Products 
Manufacturers' Analys1s Parameters (MAP) vs. FDA 

Interim Gu1dance (FDA) 

Method MVD 1/2 MVD 1/10 MVD 

MAP FDA MAP FDA MAP FDA 
Kinetlc/turb I: 1 69 77 77 92 46 62 

Kinetic/turb 4:1 69 69 38 69 23 38 
Chromogenic* 92 92 85 85 77 77 

*Manufacturer's recommended analysis paramelers are the same as 
those outlined in 1he FDA Guidance. 

design, it was decided not to modify any product for test, 
other than to bring it into the proper pH range as per 
reagent manufacturers' instructions. 

Dilution of product in LRW is the easiest and there
fore the most important way of minimizing or overcom
ing interference. Spike recoveries for some product/ 
method combinations may have been improved by the 
use of additional modifiers such as surfactants. buffers, 
or divalent cations (13, 16). Inhibition may have been 
overcome or minimized for some product/method com
binations in this survey by extending the standard curve 
to levels approaching 0.001 EU/ml. Such extension of 
the standard curve (f. < 0.05 EU/ml) would have in
creased the calculated MVD, allowing for more dilution 
of the product. However, as lambda (the lowest point on 
the standard curve) approaches the background "noise" 
level of the method, variability in the assay will increase. 
For the purposes of consistency in testing for all prod
ucts and methods, the study was designed to use a 
"mid-range" standard curve of 0.05-5.0 EU/ml. By 
referencing only this curve, successful spike recoveries 
were observed for all products with at least one of the 
three kinetic assays. Clearly, flexibility in the choice of 
method offers the testing laboratory an alternative to 
extremes in either standard curve ranges or dilution to 
overcome product interference. 

Conclusion 

The most important factor in the validation of any 
LAL test is the ability to recover the endotoxin spike. 
Currently, the recommended spiking procedures and 
recovery parameters as listed in the manufacturers' 
inserts are different for the turbidimetric and chromo
genic tests. In this study, application of the ±50% 
window to all kinetic tests as allowed by the current 
FDA Interim Guidance for Kinetic LAL Methods (18) 
increased the percentage of tests with successful spike 
recoveries (Table 4). 

Recognizing that many factors can affect the outcome 
of an LAL test suggests that variability in LAL testing is 
additive. For many test variables, the key to control may 
be consistency. For example, interferences due to the 
chemical composition of vessels used in the dilution of 
standards and preparation of samples may be difficult to 
define. Once defined. however, they are relatively easy 
to control hy keeping vessel composition, manufacturer. 

72 

and if possible. lot number constant. Paradoxically. the 
key to controlling variability in the outcome of an LAL 
test due to product/lysate or product/method compati
bility may be flexibility. Data presented in this study 
confirm preliminary data in a previous study ( 16) that 
there may be a "best" product/method match. Flexibil
ity in assay method selection coupled with simple dilu
tion in LRW can be an easy, effective alternative to other, 
more complicated manipulations such as the addition of 
external modifiers, reference to extremes in standard 
cutve ranges, and extensive dilution of product. 
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