
 

www.iajpr.com 

 

P
ag

e1
9

5
7

 

                                                 Indo American Journal of Pharmaceutical Research, 2019                      ISSN NO: 2231-6876 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

REVIEW - ON THE LIMULUS AMEBOCYTE LYSATE (LAL) TEST 
 

Ganesh G. Verma
*
, Shubhangi Kshirsagar, Suchita Ghokhale, Anurag M. Dubey, Vineet R. Upadhyay, 

Sunny Sahani 
Ideal College of Pharmacy & Research Institute, Kalyan, Mumbai, India. (Affiliated to UNIVERSITY OF MUMBAI). 

 

Corresponding author  

Ganesh G. Verma 

Ideal College of Pharmacy & Research Institute,  

Kalyan, Mumbai, India. 

(Affiliated to University of Mumbai). 

ganeshverma22091999@gmail.com 

9326692325 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copy right © 2019 This is an Open Access article distributed under the terms of the Indo American journal of Pharmaceutical 

Research, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ARTICLE INFO  ABSTRACT 

Article history 

Received 07/02/2019 

Available online 

31/03/2019 

 
Keywords 

LAL Test, 

Endotoxin, 

Qualitative Analysis, 

Quantative Analysis. 

 

 Quality Control (QC) testing performed for an extensive variety of purchaser and mechanical 

items. It also give Quality Control testing to the pharmaceutical business, including Active 

Pharmaceutical Ingredients (APIs), intermediates, excipients, and completed items, for 

example, tablets, cases, creams, moisturizers, fluid arrangements, and transdermal patches. A 

quality control lab can decide the reason and understand current item disappointment and if 

utilized legitimately can even forestall future issues. Incidental group to clump testing will 

guarantee that after some time your items thickness, shading, scent, execution, and piece stay 

reliable over the long haul. As specified before it is additionally brilliant to check the nature 

of crude materials with an autonomous testing research center at whatever point parts 

providers are changed or in the event can see a sudden contrast in the nature of crude 

materials being gotten. 

Please cite this article in press as Ganesh G. Verma et al. Review - on the Limulus Amebocyte Lysate (LAL) Test. Indo American 

Journal of Pharmaceutical Research.2019:9(03). 
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INTRODUCTION 

The Limulus Amebocyte Lysate test is prescribed in international pharmacopeias as the technique for recognizing bacterial 

toxin both in the crude materials utilized for the generation of drugs and for the last items. This test is likewise valuable for the 

beautifiers business and in nourishment creation as it is the technique prescribed by the FDA (Food and Drug Administration) for the 

identification of pyrogens.  

The Gram-negative microscopic organisms, for example, Salmonella, Escherichia coli, Shigella and Neisseria. They have an 

outside film framed by lipopolysaccharides. This structure is dangerous to other prevalent living beings, for example, creatures and 

people. These lipopolysaccharides are known as endotoxins keeping in mind the end goal to separate them from alternate toxin that 

could be discharged by the microscopic organisms, yet don't shape a piece of their structure, called exotoxins. At the point when the 

microscopic organisms duplicate or are obliterated, some portion of these endotoxins goes into nature, in this way playing out their 

pathogenic capacity.  

 

The principle of LAL test  

The LAL or Limulus test is utilized for the assurance of bacterial endotoxins in a wide assortment of tests in both research 

labs and businesses. The standard of this test depends on the procedure of coagulation which happens in the hemolymph of horseshoe 

crab (Limulus Polyphemus) within the sight of lipopolysaccharides. Amebocytes, was utilized by analysts to build up a technique for 

examination of bacterial endotoxins by removing the hemolymph of the crab. This test is known as the Limulus Amebocyte Lysate 

(LAL) as the lysate of the granules is definitely performed with the goal that they respond to the nearness of endotoxins in the test 

condition and gelation is created. Gelation is the explanatory flag utilized for both the subjective and quantitative identification of 

LPS.  

To play out the test, a measure of hemolymph of each crab is separated with a syringe and the creature is left in its condition. 

the natural procedure that happens in the hemolymph of the horseshoe crab within the sight of LPS, can see various separate actuation 

forms from professional catalysts to proteolytic proteins: - LPS enacts the response of star compound factor C autocatalytically in its 

change to initiated factor C; - The factor C, thus, enacts the factor B; - The factor B transforms the gel-shaping master chemical into a 

protein. The subsequent thickening protein is in charge of tying down the two peptide units in the coagulogen, shaping an insoluble 

gel. This particle is like as fibrinogen in arthropods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1-Commercially available LAL Test kit. 

 

Methods of detection 

The LAL test can be conducted by using different methods to measure the process of gelation that occurs as a response from 

the amebocytes against the endotoxins. These methods are the so-called Gel-Clot method, turbidimetric and chromogenic methods. 
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Fig.2- Flow chart of methods of toxin detection by LAL Test. 

 

The Detection of Endotoxins Via the LAL test, the Gel- Clot Method  

The Gel-Clot strategy depends on the nearness or nonattendance of gel coagulation in your example tube. The gelation 

happens when proteins are coagulated because of the nearness of endotoxins. The location furthest reaches of the tests relies 

upon the LAL reagent. Utilizing the Gel-Clot technique, as far as possible is regularly in the vicinity of 0.01 and 0.03 

endotoxin units for every one milliliter of the arrangement utilized as a part of the test. This implies a strong gel does not come 

to be framed underneath this centralization of endotoxins while moving the test tube. A model utilized as a part of the strategy 

for gelation is to turn the test tube 180º and determine that the gel stays in place. The Gel-Clot technique can be utilized as a 

part of a subjective way, yielding positive outcomes or negative ones if the gel isn't shaped. The strategy can likewise be 

utilized as a part of a semi-quantitative mold. 
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Fig.3- (a) Positive test – Gel get solidify and (b) Negative test – Gel remain in its liquid state. 

 

The Detection of Endotoxins Via the LAL test, the Turbidimetric Method  

The turbidimetric strategy is another of the systems utilized for endotoxin investigation. The motor turbidimetric 

strategy or KTA is maybe the most normally utilized technique for endotoxin identification and requires a photometric 

instrument, for example, the Toxinometer® ET-6000 framework to quantify the rate of turbidity change.  

Turbidimetry is an explanatory and optical system that depends on the wonder that happens when strong particles show up in 

a homogeneous arrangement. This loss of homogeneity makes the light that goes through the arrangement not be of an 

indistinguishable power from before the presence of the turbidity. We comprehend that turbidity is "the optical property of a specimen 

that influences the radiation to be scattered and ingested instead of transmitted in a straight line over the example". On the off chance 

that the transmitted light is measured at a specific wavelength, we can get an esteem that is corresponding to the grouping of the 

substance or the substances that are available in the arrangement in charge of the turbidity. For these estimations, a spectrophotometer 

is utilized. A spectrophotometer is a profoundly normal bit of hardware in an investigative research facility, and also, in clinical labs. 

Particular instruments called turbidimeters have been produced for this system; nonetheless, they are simply varieties of a 

spectrophotometer.  

At the point when turbidimetry is utilized as a part of LAL tests, we measure is the turbidity of the arrangement when the 

coagulant starts to be framed. The insoluble protein is in charge of the presence of a gel in the tube where the test happens. Having the 

examples of the endotoxin, we can gauge the turbidity through a spectrophotometrical strategy and this estimation enables us to 

measure the measure of endotoxins that are available, which is the reason the consequences of this test are constantly relative. The 

examination can be led through the turbidimetric endpoint technique or through the dynamic turbidimetric strategy.  

In the turbidimetric endpoint test, we have to take the perusing of the turbidity at a decided timeframe. This prompts control 

blunders and it has a hindrance in that the perusing can't be taken accurately in a solitary example and in this way the whole procedure 

should be rehashed or that there is just a solitary minute to make the estimation and the estimation should be exact. On the off chance 

that the perusing isn't taken right now demonstrated, the gelation proceeds. Thus, this strategy isn't utilized much.  

The active turbidimetric strategy, then again, has been more effective, to some extent as a result of the mechanical headways 

in the previous couple of decades that have made it conceivable to associate readings of interactive media plates alongside temperature 

control and the entire procedure of information gathering being completely mechanized. Another trademark highlight of this strategy 

that makes it extremely prominent when the time has come to build up a LAL test is its low farthest point of discovery and the 

extensive variety of endotoxin focuses in which the estimations can happen, having the capacity to develop typical bends in a fixation 

scope of up to 100 endotoxin units for each a milliliter of the arrangement.  

The connection between the presence of the turbidity in the LAL test and the endotoxin focus is exponential. Along these 

lines, we can get a straight line utilizing the antilogarithms of variable time and the focus antilogarithms of the arrangement designs. 

With the straight line we get from the relapse, we can know the endotoxin fixations in the examples subject to the examination in the 

resulting tests. The temperature factor assumes an essential part in these tests. With a specific end goal to get a decent level of 

reproducibility and accuracy in the outcomes, we have to ensure we control the temperature. It is important to work at the temperature 

showed in every convention.  

Distinctive varieties of the LAL test have been examined utilizing turbidimetry, which have yielded quick trial of endotoxin 

recognition leading the test at higher temperatures than the ordinary ones, which are around 37 ºC, or, for example, the presentation of 

the reagents in nano particles.  

The PYROSTAR™ ES-F and the PYROSTAR™ ES-F/Plate reagents are items by Wako that serve for bacterial endotoxin 

location by applying the logical technique for turbidimetry. These items are sold to be utilized as a part of estimations made for look 

into related purposes. By no means should they be utilized as indicative techniques.  
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Keeping in mind the end goal to utilize the reagent PYROSTAR™ ES-F/Plate, it is important to have a microplate peruser 

like the Tecan Sunrise™ Microplate Reader and the comparing programming. The genuine system comprises of influencing 

estimations to have an adjustment to bend that spreads between 10 units less and 10 units more than what the specimens are 

anticipated to be found. Estimations are made in positive and negative controls and the examples are measured in copy to guarantee 

the nature of the estimations. Estimations ought to be taken at regular intervals at 405 nm and at a temperature of 37 ºC on every 

single one of the dishes of the microplate once the reagent PYROSTAR™ ES-F/Plate is added to the specimens. The microplate 

peruser screens the turbidity of the examples keeping in mind the end goal to decide the time that the turbidity takes to show up, and 

with the transmittance information, the product figures the relapse bend that enables us to decide the convergence of endotoxins. This 

reagent incorporates the Curdlan (β-1, 3-glucan) to expel the obstruction that this compound delivers and is sold with standard control 

endotoxin or without this substance. 

 

TOXINOMETER® Measurement Principle 

 

 
 

Fig.4-Toxinometer. 

 

The rate of the LAL/endotoxin response is reliant on the grouping of endotoxin show in the specimen or standard. The more 

prominent the measure of endotoxin the quicker the LAL/endotoxin blend responds; the littler the measure of endotoxin the slower the 

LAL/endotoxin blends responds. The time required for the LAL/endotoxin blend to respond is its Reaction Time. The ET-6000 

utilizations the Reaction Time of known endotoxin principles to figure the endotoxin fixations in tests in light of its deliberate 

Reaction Time. For Turbidimetric tests, the ET-6000 measures the rate of turbidity to figure Reaction Times. For chromogenic 

examines, the ET-6000 measures the expansion in the shading force to figure Reaction Times.  

 

The Detection of Endotoxins Via the LAL Test, the Chromogenic Method  

In chromogenic strategies, it is realized that there are optical examination techniques that take into consideration the 

estimation of the nearness of an analyte (subjective investigation) and its fixation in various conditions (quantitative examination) 

through shading changes. Most synthetic mixes are fit for associating with light, which brings about a scientific flag that is effortlessly 

quantifiable. The optical strategies for investigation are partitioned in view of whether the progressions are created in the 

electromagnetic range, which would allude to the spectroscopic techniques, or on the off chance that they are delivered toward the 

scattering of light, which would allude to non-spectroscopic strategies.  

The optical spectroscopic strategies incorporate both those procedures that depend on the assimilation of light, where we see 

the supposed colorimetric and chromogenic techniques and those that are identified with the discharge of light, fluorescence, X-beam 

emanations, glow, and so forth. So as to examine the procedures of light ingestion, we utilize a spectrophotometer, where both 

transmitted light and consumed light can be measured relying upon what is more helpful for the client. It is more typical to make 

receptiveness estimations, which, in view of the Beer– Lambert law, is corresponding to the centralization of the species or permeable 

species that are found in the arrangement.  
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The obvious electromagnetic radiation is the one whose wavelength is observed to be between 380 nm and 770 nm. The 

chromogenic techniques for investigation depend on the utilization of the substances which assimilate light in this scope of the 

electromagnetic range and which we know as colorants. There are many exacerbates that have their greatest purposes of retention on 

the unmistakable locale, which is included violet to red. The retention band of a colorant changes in power in extent with the 

convergence of this substance inside the earth.  

The enzymatic chain responses that are delivered in the amebocytes of Limulus showed that these responses are equipped for 

breaking the peptide bonds that are discovered associated with the p-nitroaniline particles. Upon the arrival of the p-nitroaniline, 

which is a yellow colorant, the arrangement ends up noticeably shaded. By adding a peptide associated with p-nitroaniline to the LAL 

reagent within the sight of endotoxins, shading is developed in the arrangement and in this manner, the discovery of endotoxins 

through a chromogenic strategy can occur. For this situation, a spectrophotometer is expected to evaluate the grouping of the 

discharged colorant, which is the result of the enzymatic response. This identification strategy could appear to be costly because of the 

way that it requires a spectrophotometer; in any case, it isn't exorbitant in the event that you consider that the spectrophotometer has 

different uses in any research center. In this way, any gear that is particular for this test would not be required.  

There are 2 approaches to do the discovery of bacterial endotoxins with the chromogenic strategy in the LAL test: the 

chromogenic endpoint technique and the active chromogenic technique. The motor chromogenic technique depends on the estimation 

of shading at various interims of time after the expansion of the LAL reagent, which contains the chromogenic reagent, to the 

arrangement which could contain endotoxins. The benefits of this technique are differed: it could be completely robotized, it takes into 

account the estimation of many specimens in a brief timeframe and the outcomes are handled effortlessly. The primary inconvenience 

is that numerous substances could cause obstruction: those that retain around 400 nm, which is where you discover the assimilation 

band of the p-nitroaniline, those that shape chelates or denaturalise the proteins, and so forth. In addition, we have to abstain from 

utilizing "overcast" arrangements, to make the estimation without mistakes that could be caused by turbidity in the retentiveness 

information that is assembled.  

The chromogenic endpoint strategy, as the name shows, measures the presence of shading once the enzymatic response is 

finished. As per the maker of the LAL test unit, the enzymatic response is thought to be over when the time of hatching closes or in 

the wake of acidifying the arrangement. By utilizing both of these two alternatives, this technique represents a weakness as for the 

dynamic one, and just a solitary estimation is made for each specimen arrangement. Similarly as in the turbidimetric endpoint strategy, 

if the estimation is mistaken for any reason, we need to rehash the test; be that as it may, in the motor chromogenic technique, 

different estimations of sponginess are gathered at various circumstances. In this way, a blunder in an estimation does not imply that 

we have to direct the entire test once more. We can get a solid come about by disposing of a point in the bend; notwithstanding, the 

chromogenic endpoint strategy has leverage in that in tests where impedance could exist in the zone where the p-nitroaniline is 

ingested, subsidiaries of this substance could be shaped and along these lines, it is conceivable to get another colorant in a zone where 

the estimation is more reproducible. For example, there are LAL tests that utilization the development of an azo compound of p-

nitroaniline to make the estimation over 500 nm, a zone where there is generally less obstruction, and the arrangement of the azo 

compound enables us to decrease the discovery furthest reaches of the test since the azo mixes have groups with a greater eradication 

coefficient than p-nitroaniline.  

We can likewise utilize the chromogenic endpoint strategy for the subjective examination of endotoxins by means of the LAL 

test. The presence of shading is seen by the exposed eye, requiring less time of hatching than the strategy for gelation. 

 

 
 

Fig.5- Blue color indicates negative test whereas Yellow color indicates positive test. 
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