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THESIS SUMMARY 

The effectiveness of antibodies for neutralizing foreign substances has been well 

established since 1870.  Behring and Kitasato were the first to describe the use of 

antibodies when they treated diphtheria with an antiserum from rabbits raised against 

diphtheria toxin.  In more recent times, antibodies have been engineered to treat a whole 

spectrum of illnesses including asthma, different types of cancer (e.g. bladder cancer, 

leukemia and other congenital blood disorders), bacterial infection (e.g. Staphylococcus 

aureus infection), viral infections (e.g. hepatitis B and rabies) and bites resulting in the 

injection of venoms (e.g. brown snake envenomation).  In addition, antibodies have many 

applications in biomedical, industrial and forensic investigations.  In forensic science, 

antibodies have been used to investigate biological evidences (e.g. blood and saliva) which 

are collected at crime scenes.  For example, using the ability of antibodies to bind and 

agglutinate antigens present on the surface of red blood cells used commonly for 

biomedical applications.  A-B-O blood grouping is a common example of tests which are 

used to identify blood collected at crime scenes.  The method, A-B-O blood grouping is a 

simple yet effective tool. 

The series of studies described in this thesis were conceived to examine the use of 

polyclonal antibodies raised in the milk of sheep as a tool to treat poisoning episodes 

caused by three common agents; cocaine, amatoxin and deltamethrin were studied.  The 

thesis is divided into three sections: (1) introduction, (2) findings of the research work 

undertaken and (3) conclusions with recommendations arising from the work completed.  

The introduction section includes four chapters; a review of the state of antibodies used for 

forensic applications; a published mini review which summarizes commonly found toxins 

and their medical and industrial applications; a published mini review of the pathological 

consequences in humans and animals due to exposure to common toxins; and published 

mini review of the available pharmacotherapy and immunotherapy to treat poisoning of 

common toxins. 

As mentioned, the first chapter reviews the state of antibody-based assays that have been 

described and used in forensic investigations.  A classical and still contemporary method 

is the A-B-O blood group typing method.  Serology continues to offer a means of rapidly 

screening evidence.  Unlike DNA-based methods which require expensive equipment, a 
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dedicated laboratory and can be time-consuming; serological typing of the ABO group is 

simple, inexpensive and can be performed at the crime scene.  The review highlights the 

number of antibody-based assays available to forensic investigators.  For example, 

agglutination assays are available for blood identification; Enzyme-linked immunoassays 

are used for detection of seminal vesicle antigens and to identify individuals in rape 

cases; Immunoprecipitation assays are available for drug detection at customs for border 

protection.  The review also describes recent techniques that have evolved due to the 

escalating demand of anti-terrorism procedures such as the lab-on-a-chip device which 

uses antibodies to trace toxic agents used by terrorists quickly and on-site.  This naturally 

leads to Chapter 2 which reviews the different applications of common toxins in industry, 

medicine, warfare, sport and crime.  Toxins have the potential for good as well as the 

potential for harm.  Morphine is a classical example which is used as a local analgesic as 

well as used for addiction.  Cyanide is used for the production of electronic instruments 

(e.g. computers) and is used as a warfare agent.  Another example is nicotine which is 

addictive and is used to treat addiction by administration of withdrawal doses to patients 

in drug rehabilitation programs.  In fact, the use of many toxins in industry has enhanced 

the development of advanced technologies such as the use of lead in the battery industry.  

This chapter was published in 2010 in the American Journal of Scientific Research. 

Humans are exposed to toxins and other harmful substances at work, in war, in sport and 

the range of daily activities.  The consequences of exposure to common toxins vary and 

signs and symptoms are discussed in Chapter 3.  These symptoms include depression, 

nausea, convulsions, tremors and short rapid breath which may lead to death.  The 

reoccurring theme of many toxins would suggest that these compounds are fairly common 

and exposure occurs on a regular basis.  Acute exposure in humans and animals may lead to 

death.  This chapter was published in 2010 at International Review of Health and Safety 

Issue.   

After summarizing harmful effects arising from exposure to common toxins, Chapter 4 

presents available therapies used to treat the harmful exposures.  The chapter was published 

in 2009 in the Middle-East Journal of Scientific Research.  This chapter specifically 

outlines the potential pharmacotherapy and immunotherapy strategies that are used to treat 

poisoning.  The mini review highlights the fact that there are few antidotes for common 
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toxins.  The main therapeutic options for poisoning are supportive such as, fluids and 

nutrients; or symptomatic to relieve pain due to some symptoms such as the use of 

anticonvulsants to stop convulsions.  There is no effective therapy for most of the common 

toxins.  There are no therapies that can prevent death especially in acute poisoning cases.  

Immunotherapy has been presented in many instances as a promising therapeutic tool for 

many illnesses such as, cancer and snake bites. 

Section two of this thesis comprises four chapters that contain results collected from the 

studies undertaken in this project.  The section specifically contains 4 chapters, made up by 

one chapter, two manuscripts and one article published in the Internet Journal of Laboratory 

Medicine in 2011. 

Chapter 5 describes four independent assays that were used to demonstrate the specificity 

of antibodies against target toxins.  Three very different classes of toxins were studied: 

(1) the addictive drug cocaine, (2) the poisonous compound of a mushroom, amatoxin 

and (3) the active compound of insecticides commonly available to the public, 

deltamethrin.  The only common thread between the three compounds is that humans 

commonly come into contact with these three compounds.  There are approximately six 

million cocaine users in the United States.  According to the American Association of the 

Poison Control Centres, there were 7,351 reported cases of amatoxin poisoning in 2007.  

Also, there were 325 cases of acute deltamethrin toxicity reported in Chinese Medical 

literature during the period 1983 to 1988.  

As eluded to in section one, treatment of poisoning episodes are supportive at best.  Passive 

immunotherapy is based on binding and neutralization with specific antibodies.  Specific 

agglutination results in a toxin-antibody complex, neutralizing the toxins.  The substantially 

larger toxin-antibody complex does not transfer across most barriers, excluding them from 

the site of effect.  For example, amatoxin is a molecule of 29kDa.  An amtoxin-antibody 

complex is 180kDa.  Most antigen-antibody complexes are larger as multiple antibodies are 

attached to a single antigen.  The complex is larger than the toxin molecules and cannot 

pass from the stomach to the blood.  Thus, the complex formation prevents the toxin 

molecules from binding the DNA-dependent RNA polymerase II of the mammalian cells 

and prevents the consequent compromise of the transcription of the intracellular proteins.  
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Eventually, by neutralizing amatoxin molecules using antibodies protects cells from 

apoptosis (programmed cell death) in humans and animals. 

Antibodies were raised against the three toxins in separate host animals.  Chapters 6, 7 and 

8 are dedicated to studies on cocaine, amatoxin and deltamethrin, respectively.  Sheep were 

animals of choice because they represented a convenient animal model.  The use of sheep 

was also motivated by the idea of using the technology in developing countries, where the 

predominant ruminants of choice are small, either goats or sheep.  In line with this thinking, 

the antibodies were produced in the milk of three sheep hosts.  Milk, in contrast to blood, is 

readily harvested.  As many toxins are ingested, milk provided a more palatable alternative 

over a blood-based product.  Chicken antibodies were considered as an alternative, but time 

constraints allowed for only the assessment of one source of antibodies. 

The antibodies that were produced were characterized and described in Chapter 5 using 

four assays: Enzyme-Linked Immunosorbent Assay (ELISA), Sodium-Deducel Sulfate 

Polyacrylamide Gel Electrophoresis (SDS-PAGE), Passive Hemagglutination and 

Immunodiffusion Assay.  The ELISA showed progressive increase in the level of 

antibodies as each vaccine dose was administered.  The subsequent SDS-PAGE analysis 

revealed an increase in proteins of 60kDa, indicative of heavy chain Immunoglobulin G and 

Immunoglobulin A.  These two antibodies are predominant in milk and blood.  They are the 

main types of antibodies in biological fluids produced to defend the body against foreign 

molecules. 

Each antibody was subsequently used in a neutralization study using Balb/c mice.  Chapter 

6 describes work that used anti-cocaine milk to neutralize the poisoning effects of the drug.  

Cocaine is an alkaloid substance obtained from the leaves of the coca plant, Erythroxylon 

coca.  Cocaine increases the release of norepinephrine and inhibits the reuptake of 

dopamine and serotonin and blocks sodium channels in the Central Nervous System (CNS).  

This leads to prolonged contraction of the connected muscles causing tachycardia, 

hypertension, hyperthermia, anxiety, agitation and seizures.  Mice divided into test and 

control groups (n=8) each were fed a LD50 dose of cocaine.  The poisoned mice in the 

control group received milk which did not contain cocaine antibodies.  The animals were 

allowed to recover and the response times were recorded for each mouse.  The elapsed 

times were compared to mice that were fed milk from sheep immunized with cocaine.  The 
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results showed that there was a significant difference in recovery time between the control 

and test groups. 

Based on the same concept used to treat cocaine, the study described in chapter 7 was 

conducted using immune milk to treat amatoxin poisoning.  The compound amatoxin is a 

polypeptide from the mushroom Amanita phalloides.  Amatoxin specifically inhibits the 

DNA-dependent RNA polymerase II of mammalian cells.  Consequently, the 

transcription of proteins and the biosynthesis processes of the affected cells are 

compromised.  Inhibition of transcription in a cell stops its growth and proliferation, 

leading to apoptosis.  Specific antibodies in milk were raised by immunizing a lactating 

Merino ewe with amatoxin as the antigen.  Milk samples were collected prior to the 

primary injection on Day 0 and subsequently on Days 8, 22 and 36 of the immunization 

schedule.  The presence of specific antibodies in milk samples was confirmed by indirect 

ELISA using the antigen alpha-amanitin to coat a 96-well microtitre plate.  The milk 

containing amatoxin antibodies was used to treat 2 study groups of 8 adult female Balb/c 

mice that were intentionally poisoned with doses equivalent to 1x and 2x LD50 of 

amatoxin.  Following development of signs of poisoning, each animal was treated with 

milk containing specific amatoxin antibodies.  Mice with twice the poison dose 

developed symptoms more rapidly.  The individual time elapsed for each mouse to 

recover from poisoning was recorded and compared to a group of 8 mice that were 

treated with control milk, containing no anti-amatoxin.  The recovery time following 

administration of the antibody enriched milk in the two test groups were reduced in 

contrast to animals receiving control milk.  The study showed that using milk to deliver 

specific antibodies is potentially a feasible method to treat accidental ingestion of 

amatoxin poison. 

Chapter 8; the last chapter of the second section; focused on using immunotherapy in milk 

of sheep to treat deltamethrin toxicity.  Deltamethrin is one of the most widely used 

insecticides because of its apparent low level toxicity to humans.   As its use is so wide 

spread, deltamethrin is probably ingested with daily diet.  It is a Type II Pyrethroid 

developed in 1974 by Elliot and colleagues.  The compound is widely used in home and 

agriculture, as a pest control agent and as a disease vector control agent.  Despite its 

relatively low toxicity level, deltamethrin has been shown to cause negative effects on the 
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environment including humans and animals.  Deltamethrin causes prolonged sodium influx 

along neuronal axons leading to persistent nerve depolarization and blockage of nerve 

conduction.  The end result of deltamethrin toxicity is tremors, seizures and death by 

respiratory failure.  The chapter includes steps of vaccine preparation, anti-deltamethrin 

preparation and mice poisoning experiments.  Two Merino ewes were immunized against 

deltamethrin in an immunization schedule similar to the schedules used for immunizing 

against cocaine and amatoxin.  Antibody levels in the serum and milk of both ewes were 

measured to confirm antibody production against the deltamethrin vaccine.  Then, milk was 

orally fed to 3 groups of adult Balb/c mice (n=8) after poisoning with oral LD50 doses of 

deltamethrin.  Continuous visual monitoring of each poisoned mouse showed that the mean 

time to recovery with milk enriched with polyclonal antibodies was shorter than that 

required for the control group treated with sheep’s milk without the specific antibodies.  

These findings were consistent with findings in the previous chapters 6 and 7.  Milk 

enriched with antibody had neutralizing effects on the three toxins of interest.   

The studies completed allow us to conclude that immunotherapy has potential application 

for neutralizing a wide range of toxic compounds.  Cocaine, a drug of dependence, is not 

usually consumed orally.  However, drug couriers often ingest cocaine in plastic or rubber 

vessels to avoid defection at border posts.  In many cases these vessels rupture exposing the 

individual to large quantities of the drug.  In these situations, milk containing polyclonal 

antibodies could potentially help. 

Amatoxin and deltamethrin can be readily accessible, especially by children.  Inquisitive 

minds and the uncontrollable urge to put things in their mouths results in a significant 

number of poisoning episodes among toddlers.  Insecticides usually come in brightly 

colored containers, which enhance their appeal.  Milk with antibodies could be used as that 

intermediary step whilst in transit to emergency ward. 

The appeal of a food based antidote, although promising, requires validation.  The murine 

work presented herewith requires replication in like and different animal models.  Human 

trials are ultimately required, upon the ability to demonstrate effectiveness using in vitro 

models to elucidate the biomedical mechanisms involved.   
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SECTION ONE 

 

Introduction 

 

This section consists of: 

(1) A chapter which discusses the applications of Antibody-based Assay in Forensic 

Investigations 

(2) A review: Nusair S and Tay G (2010), Main Applications of 30 Commonly 

Encountered Harmful Substances and their Potential Medical Uses.  American 

Journal of Scientific Research 9:56-61 

(3) A review: Nusair S (2010), Consequences and Significance of Acute Exposure to 

Common Hazardous Substances. International Review of Health and Safety Issue, 

1:5-11 

(4) A Mini Review: Nusair S, Ahmad M and Tay G (2009), A Mini Review of Available 

Pharmacotherapy and Potential Immunotherapy for the Toxicity of 32 Mainly 

Encountered Substances. Middle-East Journal of Scientific Research, 4:263-266 
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APPLICATIONS OF ANTIBODY-BASED ASSAYS IN 

FORENSIC INVESTIGATION 

 

The following chapter is presented as a manuscript in the format required by the journal: 

Forensic Science, Medicine and Pathology.  The manuscript was prepared by myself with 

comments from the co-authors listed on the cover page. 

  



 

3 
 

 

Applications of Antibody-based Assays in Forensic Investigation 

Shreen Nusair, Stephen Iaschi, Ian Dadour, Guan Tay 

Centre for Forensic Science, The University of Western Australia, 35 Stirling Highway, 

Crawley 6009, Western Australia. 

Corresponding Author 

Dr Guan Tay 

Centre for Forensic Science 

The University of Western Australia 

M420, 35 Stirling Highway, Crawley, 6009 

Western Australia 

Ph. +61 8 6488 8764 

Fax +61 8 6488 7286 

Email guan.tay@uwa.edu.au 



 

4 
 

ABSTRACT 

With the ever increasing popularity of Forensic DNA profiling, other techniques have played 

second fiddle.  This is despite the fact that some biological techniques pre-date genotyping 

technology.  Long before Jefferies created the first DNA fingerprint; the discovery of the 

Polymerase Chain Reaction by Mullis in 1980, and even before Watson and Crick 1953 

described the three dimensional helical structure of DNA; methods for differentiating between 

individuals were available.  Although not limited to Forensic applications and more relevant 

in transplant biology and blood banking, A-B-O blood group typing by serological methods 

has been around since 1901.  Serology, or antibody-based assays, have progressed from then a 

simple agglutination assay in concave bottom wells to a range of new formats ranging from 

simple immuno-diffusion systems to moderately complex enzyme-linked immunosorbent 

assays and more sophisticated lab-on-a-chip systems.  The uses of serological techniques have 

expanded from simple blood typing methods.  Uses now include; the characterization of viral 

strains in epidemiological studies to track sources of infection, testing for illicit drugs among 

professional athletes, pregnancy testing to the diagnosis of disease.  Many of these serological 

tools were developed out of necessity from laboratories involved in medical research.  

However, many of these tools can be applied in other fields, including Forensic Science.  The 

invaluable contribution of DNA technology in solving crime is not disputed.  Nevertheless, it 

remains only one of many tools available to the modern Forensic investigator.  This review 

was prepared to provide an insight into the number and variety of antibody-based assays with 

specific examples focusing on their importance to forensic investigation.  The review 

describes the working principles and discusses the advantages/disadvantages of these 

serological techniques.  It also emphasizes the fact that serological methods, like all other 

assays available to the contemporary investigator are merely tools that have to be applied 

collaboratively to deliver a mandated outcome.  Like DNA-based technology; the use of 

antibodies in forensic investigations has improved the process of individual identification by 

correctly matching individuals to samples which are found at crime scenes.  However, unlike 

DNA methods, antibodies have far wider application.  The same reagents used for the purpose 

of identification, can be used for other purposes.  For example, antibodies for serotyping 

microorganisms can be used to neutralize pathogens in biological weapons.   

KEYWORDS: Forensic Science; Serology; DNA Profiling; Blood Typing; Identity Testing. 
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1.1 INTRODUCTION 

"Serology" refers to a specific test to detect the presence of antibodies.  A serology test can be 

performed to determine an individual's blood type for medical purposes.  Serology tests are 

also available to identify and determine the nature of an infection.  The same tests have been 

used to match infecting strains of virus in victims of sex crimes and those suspected of 

perpetrating these crimes.  Serological methods are now available for a myriad of applications 

in medicine and for research.  Forensic specialists have successful adapted some of these 

serological tests for interrogation of crime evidence.  The classic example of the 

quintessential antibody-based assay for forensic investigation is A-B-O blood group typing, 

discovered in 1901 by Karl Landsteiner [1].  Simplistically, circulating red blood cells present 

cell surface proteins of either the A or B type.  An individual can carry either protein A, B, 

AB or neither (O blood type).  Specific antibodies against these proteins are used to recognize 

the presence or absence of these proteins and to identify the blood type in samples referred for 

forensic analysis [2].  Figure 1.1 identifies 4 cells types being differentiated from each other 

by two antibody test reagents.  Specific antibodies against A will only bind cells with the A 

and AB phenotype.  Similarly, antibodies to B recognize cells with B surface markers (B and 

AB).  A blood type of AB agglutinates with both anti-A and anti-B antibodies, giving three 

unique patterns for A, B and AB.  Individuals with the O-blood type do not react with either 

antibody reagents, giving rise to a fourth unique pattern. 

Other surface antigens presented by RBCs are Rhesus antigens (Rh) (Figure 1.2).  The Rhesus 

antigens are 45 proteins which are carried on the membrane surface of RBCs.  The presence 

or absences of these proteins determine Rh-positive or Rh-negative status.  In the US, 85% of 

the population is Rh positive and 15% is Rh negative.  Another blood surface antigen used for 

blood typing is the Kell and Kidd blood group system (Figure 1.2).  The Kell blood group 

system contains over 25 antigens which are carried on RBCs membranes.  Antibodies to the 

Kell and Kidd blood group system antigens can cause hemolytic transfusion reactions and 

hemolytic disease of the fetus and newborn.  Therefore, these are considered to be clinically 

significant [3].
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Figure 1.1:  A-B-O testing is based on agglutination (+) occurring when the reagents bind their counterpart protein on the surface of the 

red blood cell. 
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Figure 1.2: Antigens presented on the surface of human red blood cells (RBCs).  The antigens in this figure are Kidd, Kell, Rhesus (Rh) 

and ABO antigens. 
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1.2 What is an antibody? 

Antibodies or Immunoglobulins (Igs) are protein molecules produced by the immune 

system predominantly by B-cells.  Their main function is to bind and neutralize foreign 

molecules (antigens).  Immunoglobulins are classified into five different classes; IgG, IgA, 

IgM, IgD and IgE [4].  Each class has a unique configuration and function.   

The monomer IgG exists as a single molecule and has two antigen-binding sites.  It is the 

most common class of antibody from birth.  It is predominately found in serum and milk 

(75 to 80% of Igs).  The dimer IgA exists as a double molecule and has four antigen-

binding sites and is predominately found expressed on luminal surfaces (10 to 15 % of Igs).  

The multivalent IgM (found mostly in serum 5 to 10% of Igs) has multiple binding sites.  

The monomer IgD presents a very small amount in serum (1% of Igs).  IgE is also a 

monomer and is present the least amount in serum (0.05% of Igs) [5].  It is produced in 

mammals and is thought to be associated with allergic responses and parasitic infections 

[6].  This immunoglobulin is particularly important in detecting previous exposure to 

allergens. 

There are several different formats for the research and commercial collection of 

antibodies, these include, blood, saliva, colostrum and milk of vaccinated animals [7-9].  

Recently, bioreactors such as egg yolk are used to produce the non-mammalian equivalent 

antibody IgY [10, 11].  Genetically modified organisms (e.g. transgenic mice, bacteria and 

viruses) are another example of bioreactors which are used to modify and produce 

engineered antibodies in large quantities [12, 13]. 

Other applications of forensic serology include the detection of toxins, biological agents, 

warfare agents, allergens and illicit drugs.  Biological samples can include blood, feces, 

tears, sweat, urine, semen, mucous, cerebrospinal fluid, amniotic fluid, tissue biopsy (pre-

mortem) or autopsy (post-mortem), vaginal fluid and bowel contents [14].  The relationship 

between different forensic serology applications and individual identification is illustrated 

in Figure 1.3. 
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Figure1.3: Relationship between antibodies in forensic samples and different forensic applications. 
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allergens, illicit drugs.  
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identity. 
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1.3 Mechanisms of antibody actionImmunoglobulins from breast milk in many animal 

species (rodents, bovines, canines, etc.) are transported across the mammary glands 

epithelium into the milk ducts.  To facilitate this transport epithelial cells express a surface 

membrane receptor able to bind Fc region of IgG and IgA.  The process is known as 

transcytosis.  A large part of immunoglobulins excreted in milk are IgA in human and IgG 

in ruminants.  These immunoglobulins coat infant mucosal surfaces to protect infants 

mainly against enteric infections.  Milk also contains anti-idiotypic antibodies capable of 

enhancing infant antibody response against a variety of antigens.  This has been studied 

extensively in infectious disease models such as rotavirus and retroviruses [7-8]. 

Antibodies bind specific antigens and initiate three mechanisms in the body; neutralization, 

phagocytosis and complement activation.  Neutralization occurs when antibodies bind and 

block certain sites on the surface of an antigen (e.g. bacteria and viruses) to prevent them 

binding to receptors expressed on their target cells.  Phagocytosis occurs when antibodies 

act as an attachment site on antigens present on bacteria which in turn initiates 

encapsulation and digestion of the bacteria.  The third mechanism of action of antibodies is 

commenced by the help of the complement system which consists of over 25 small proteins 

circulating in blood.  The proteins of the complement system are activated in a cascade to 

release cytokines (natural chemicals) which in turn activate the cell-killing membrane 

attack complex, C5, C6, C7, C8 and C9 of the complement system.  Upon activation of C5 

the five proteins interact in a sequential manner and fuse into a complex in which the 

hydrophobic sites of the five proteins are exposed.  Exposing the hydrophobic sites helps 

the insertion of the complex in the lipid membranes of cells where subsequently it forms 

trans-membrane channels.  The formation of these channels allows water, ions, and other 

small molecules to move freely into and out of cells and quickly results in cell lysis and 

death.  Phagocytic cells then engulf the debris and eliminate it from the body [15-17].  See 

Figure 1.4 for clarifications. 
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Figure 1.4: The activation sequence of the cell-killing membrane attack complex (C5, C6, C7, C8 and C9 of the complement system 

proteins). 
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1.4 Forensic antibody-based assays 

Antibodies are not only important for elimination of antigens in vivo, but also important for 

personal identification and forensic investigation of samples collected from crime scenes in 

vitro.  There are many antibody-based assays used for forensic investigation which include 

agglutination and immune assays, nephelometry, immunohistochemistry and antibody 

profiling.  Table 1.1 lists the main antibody-based assays used in forensic investigations. 
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Table 1.1: A list of antibodies used for forensic investigations, their forensic applications and their assays. 

Antibody  Forensic application Antibody-based assay Reference 

Immunoglobulin-E Detection of allergic responses Radio-Immunoassay  [21] 

Polyclonal antibodies Detection of abused drug Lateral Flow Immunoassay  [29] 
Polyclonal antibodies On-site detection of terrorist 

weapons and rapid analysis of 
disasters 

Lab-on-a-Chip Device [36] 

Anti-A protein Blood profiling Agglutination Assay [28] 

Immunoglobulin-E Measurement of allergic responses Radio-Allergo-Sorbent Test [31] 

Polyclonal antibodies Detection of abused drugs and 
toxins 

Kinetic Interaction of 
Microparticles in Solution 

[28] 

Individual-specific autoantibodies Antibody Profiling for individual 
identification 

Protein Microarray-Based 
Screening 

[38] 

Anti-interleukin-8, anti-monocyte 
chemoattractant protein-1 and anti-
macrophage inflammatory protein-1 

Injury time estimation Immunohistochemistry [33] 

Polyclonal antibodies Detection of doping agents Enzyme-Linked Immunosorbent 
Assay 

[27] 

Polyclonal antibodies Detection of abused drug Multi immunoassay [29] 
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1.4.1 Agglutination assay 

In 1896, two microbiologist; Durham and von Gruber discovered the clumping of cells and 

termed it as agglutination.  The agglutination assay is a qualitative assay which is used to 

detect the presence of antibodies in biological samples (Table 1.1).  The degree of clumping 

is measured using spectrophotometry at an absorbance of 600nm for a quantitative analysis 

[18].  An example of an agglutination assay is the Widal test.  It is a tube or slide 

agglutination test employed in the serological diagnosis of enteric fever.  The test is named 

after Georges Widal, a French physician and bacteriologist born in 1862.  Patients suffering 

from enteric fever would possess antibodies in their sera; the sera can react and agglutinate 

serial dilutions of killed, colored Salmonella antigens in a tube agglutination test.  The 

formation of agglutination at the bottom of the tube indicated the presence of antibodies 

specific to Salmonella.  The presence of antibodies may be due to an infection or a 

vaccination, for differentiation, the test is repeated after a week to confirm the results.  In 

case of vaccination, negative results appear in the form of clear solutions with no 

agglutination in the bottom.  While in case of an infection, Salmonella antigens bind the 

antibodies in the tested sera to form clumps of the bacteria-antibodies complexes [19]. 

1.4.2 Nephelometry assay 

Nephelometry is used to determine antibody levels at relatively high concentration in 

samples.  It is based on the fact that antigen-antibody complexes are insoluble and cause 

solutions to scatter light or become more opaque.  Nephelometry has been used to regulate 

the drinking water industry.  The assay measures the amount of light scatter caused by 

antigen-antibody complexes in a solution [18].  The assay measures the light passing through 

a sample at an angle.  The particles in the sample scatter the light passed through it, changing 

the samples absorbance.  The amount of the unknown sample is determined by extrapolating 

its absorbance using a standard curve.  In this assay, the relative amount of antigen and 

antibody must be enough to form immune complexes, but not precipitate.  Thus, the assay is 

only valid if the reaction is carried out in antibody excess.  If precipitation occurs the 

absorbance will be low, and this may lead to a false negative result.  The nephelometry assay 

is predominantly used to measure soluble immune complexes when the protein molecules are 

large enough to form complexes that scatter light.  To measure smaller molecules like drugs, 

a carrier protein such as albumin can be used to bind the drug molecules and make them 
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larger.  Nephelometry is available in kit form (e.g. kits to measure albumin, IgG and IgM).  

This assay is easy and precise to perform.  On the other hand, the instruments (i.e. 

nephelometers) which are required to perform this assay are expensive [19]. 

1.4.3 Immunodiffusion assay 

The immunodiffusion assay is based on the mobility of antigens and antibodies in all 

directions through a media such as a solidified gel.  Other forms of immunodiffusion can also 

include complexes that are immobilized on strips, disks or cassettes.  The simplest form of an 

immunodiffusion assay involves placing antigens and antibodies in parallel wells, which are 

cut out of a media such as agar, and are then allowed to diffuse radially.  At some point, the 

radial boundaries intersect at the zone of equivalence, and when the ratio of antigen to 

antibody is appropriate, immune complexes precipitate forming a precipitin band.  The 

precipitin band is stable and forms a barrier to further diffusion of both reactants.  Double 

immunodiffusion assays are not sensitive and are time consuming depending on the 

concentrations of the reactants (antigens and antibodies).  If the reactants are added in low 

concentrations, diffusion to equivalence may require three to four days.  A variation of this 

assay is counter immunoelectrophoresis, in which the antigen and the antibody are placed 

against each other in solid media, such as agar, and forced to move towards one another 

under the influence of an applied electrical field.  This is a more practical and much less time 

consuming technique and results can be obtained in a matter of hours. 

In 1951, Pope et al. reported a new technique of an Ouchterlony assay, which is a form of 

immunodiffusion.  Two years later, the method was fully described by Oakley and Fulthrope.  

The Ouchterlony assay uses three reactants (e.g. one antibody, one known antigen and one 

unknown antigen) to diffuse within a solid media where three wells are cut out, arranged in 

the shape of an equilateral triangle.  The resulting patterns of an Ouchterlony assay are: (A) 

pattern of identity (the antigens are identical and specific to the antibody), (B) pattern of 

partial identity (the antigens share some epitopes and the antibodies are polyclonal which can 

bind both) and (C) pattern of non-identity (the antigens are totally different and the antibodies 

are heterogeneous).  Though the assay is simple, Ouchterlony is time consuming depending 

on the reactants concentration (may take 2 to 5 days for low concentrations to diffuse) [19].  

For further clarification of the assay, Figure 1.5 illustrates the three patterns of a typical 

Ouchterlony run on agar plates. 
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Figure 1.5: Patterns of a typical Ouchterlony assay: (A) pattern of identity occurs if the antigens are identical and specific to the 

antibody), (B) pattern of partial identity occurs when the antigens share some epitopes and the antibodies are polyclonal 

which can bind both and (C) pattern of non identity is formed if the antigens are totally different and the antibodies are 

hetergenous). 
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1.4.4 Radioimmunoassay 

In 1959, Berson and Yalow developed Radioimmunoassay (RIA) for the quantitative 

measurement of insulin in human plasma.  Since then, radioimmunoassay has been widely 

used for drug analysis and drug-therapy monitoring.  The target antigen is labeled 

radioactively and bound to its specific antibodies (a limited and known amount of the 

specific antibody has to be added).  A sample, for example a blood-serum, is then added in 

order to initiate a competitive reaction of the labeled antigens from the preparation, and the 

unlabeled antigens from the serum-sample, with the specific antibodies.  The competition 

for the antibodies will release a certain amount of labeled antigen.  This amount is 

proportional to the ratio of labeled to unlabeled antigen.   A binding curve can then be 

generated which allows the amount of antigen in the patient's serum to be derived.  

Radioimmunoassay is specific, sensitive, rapid, convenient, reliable, and reproducible[20].  

Yet the method is expensive and bio hazardous, since it requires the use of radioactive 

reagents.  Radioimmunoassays are used to detect antibodies against antigens of low 

molecular sizes using radioactive labeled antibodies such as, morphine and Phenobarbital 

(Table 1.1).  This assay has aided in the detection of drugs in drug smuggling and drug 

abuse cases [21]. 

1.4.5 Enzyme-linked immunosorbent assay 

Based on the concept of radioimmunoassay but with low hazard, Engvall and Perlmann 

developed the Enzyme-Linked Immunosorbent Assay (ELISA) in 1972.  The assay is 

simple, convenient, economical, reliable and sensitive.  An important feature of ELISA’s is 

the use of a colorimetric enzyme to detect the reaction between an antibody and an antigen.  

The enzyme molecule (e.g. horseradish peroxidase for example) is covalently linked to an 

antibody molecule [22].  As the substrate is added into wells of a microtitre plate it reacts 

with the conjugated enzyme and produces a colorimetric reaction which can be read.  The 

absorbance values of the samples are measured using a plate reader which is adjusted to a 

suitable wave length (e.g. 450nm for horseradish peroxidase).  The absorbance values are 

plotted on a known standard curve to calculate the antibody or antigen titre in samples.  

ELISA’s can be typically direct, indirect, or competitive in nature.   

Direct ELISA’s utilize enzyme labeled antibodies to detect a captured (attached to a micro-

titre plate or other solid support) antigen or antibody of interest.  Indirect ELISA’s use a 
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primary antibody to bind an antigen or antibody of interest, and is followed by adding a 

secondary labeled antibody used to detect the primary one.  In competitive ELISA, both a 

labeled control antigen and a sample containing an unknown quantity of an unlabelled 

antigen are added to a sample well coated with a known antibody.  If the ratio of the labeled 

control antigen to the sample antigen is high, the signal is strong and the assay is sensitive.  

ELISA assays are sensitive, qualitative, quantitative and easy to perform.  Nevertheless, the 

assay is poor for detection of antigens at very low concentrations [23].  ELISA has been 

used for many forensic applications such as the detection of the human Chorionic 

Gonadotrophin (hCG) hormone, which is made by developing embryos after conception 

[24].  Examples of forensic applications of ELISA are detection of snake venoms in 

biological samples [25]; detection of seminal vesicle antigens, which is important for 

individual identification in rape cases [26]; and for detection of doping agents (e.g. 

stanozolol) used to unfairly improve the performance of racing animals [27].  See Table 

1.1. 

1.4.6 Kinetic interaction of micro particles in solution assay 

A recent derivative of an ELISA which is applied in Forensic protocols is called kinetic 

interaction of micro particles in solution (Table 1.1).  It is based on labeling a drug or toxin 

molecule with specific micro particles.  The labeled particles have a known premeasured 

absorbance.  When the micro particles are added to a sample which does not contain the 

toxin or drug of interest the antibodies bind the micro particles.  This reaction scatters light 

and changes the absorbance.  If the sample contains the toxin or drug molecule, these 

molecules will bind the antibodies.  This binding prevents the antibodies from binding the 

micro particles and changing its pre-known absorbance.  With increasing drug 

concentrations the absorbance measured in the well will decrease.  Important advantages of 

this assay are the possibility to analyze drugs in blood and other matrices with little or no 

sample pre-treatment and the sensitivity and specificity of the assay can be comparable to 

the radioimmunoassay [28]. 

  



 

19 
 

1.7.7 Lateral flow immunoassay 

Lateral flow immunoassay is a device containing a membrane strip (usually made of 

nitrocellulose) onto which drug conjugates are pre-coated at a predefined region called the 

test region (Table 1.1).  Colored antibodies are coated onto a pad on the device called the 

conjugate pad, urine can then added to the pad.  The pad may contain a salt or buffer to 

make the sample more compatible with the test matrix.  After adding the sample, migration 

through the membrane takes place by capillary action.  At the other end of the strip is an 

absorbent pad that acts as a sink.  If drug molecules are present in a sample, the drug 

molecules are bound to the colored antibody conjugates preventing flow into the test region 

and binding to immobilized drug molecules.  The complex forms a color band (negative 

test) [29]. 

1.4.8 Multi immunoassay 

This assay is a convenient derivative of ELISA (Table 1.1).  In this assay urine or blood 

samples are added into wells containing magnetic beads.  The beads are manufactured nano 

crystals with an average diameter of 3µm.  The beads have a chemically modified surface 

to allow covalent linkage of biological materials such as antibodies.  The beads can link to 

other beads by magnetic forces.  The beads are used in many processes that require rapid 

and convenient separation of molecules such as in immunoassay.  The drug molecules in 

the sample will compete for limited antibody-bonding sites with a prepared drug molecule 

labeled with colloidal gold.  After approximately 10 minutes of incubation, the mixture is 

transferred to a test strip (or other formats such as, dipsticks, cassettes, dip cards and test 

cups) onto which specific antibodies are immobilized into different test regions.  If no 

drugs exist in the samples, all colloidal gold particles are conjugated with antibodies 

present in the beads and none of them are available to bind with the immobilized antibodies 

on the strip, thus no color is formed.  If drug molecules are present in the sample, the 

molecules are bound to antibodies in the beads which make the drug labeled with colloidal 

gold free in the reaction mixture.  As a result, when the mixture is added to the strip, 

labeled drugs bind with the immobilized antibodies on the strip forming a red band.  The 

red band indicates a positive result.  This assay is sensitive and applied on spot (airports) to 

detect drug abuse [29]. 
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1.4.9 Radio-allegro-sorbent assay 

Radio-allergo-sorbent assay is another derivative of ELISA which was first described in 

1967 by Wide L et al.  It is a laboratory assay for determining circulating IgE (Table 1.1).  

It can replace a skin prick test which tests the allergens for sensitivity [30].  It is based on 

IgE detection against specific allergens in blood samples.  The detection occurs on small 

paper disks between the extracted blood stains and different purified allergens.  Detection 

of the presence or absence of specific allergens is crucial to differentiating allergy cases 

from other cases such as toxicity or infectious cases [31, 32]. 

1.4.10 Immunohistochemistry assay 

Immunohistochemistry assays are used to identify specific cells or examine the subcellular 

localization of important proteins such as tumor markers, tumor proliferation and apoptosis.  

It can specifically detect immune proteins that are produced by injured cells such as, 

chemokine’s, interleukin-8, monocyte chemo-attractant protein-1 and macrophage 

inflammatory protein-1 (Table 1.1).  The forensic importance of measuring the levels of 

these molecules in samples is to estimate the time of injury or the time of death as their 

levels in tissues decrease with time [33].  The assay is performed by incubating suspended 

cells, or cells taken from a smear or intact tissue section, with specific primary antibodies.  

The primary antibodies can be directly detected by a conjugated secondary antibody.  The 

secondary antibody can be conjugated to an enzyme or to a fluorescent substance.  The 

samples are examined using advanced microscopy and computer-based image analysis 

systems.  The assay is sensitive and not only detects proteins in tissue samples, but also 

detects the protein location inside cells [34]. 

1.4.11 Lab-on-a-chip device 

Escalating demand to invent tools against terrorism has led to developing of the lab-on-a-

chip device (Table 1.1).  The development of the chip occurred in the late 1980s and early 

1990s by research groups in Europe and North America.   The device is composed of three 

parts: actuators, sensors and readout circuits.  The actuation consists of a micro-channel 

network on the device which can generate mechanical, electrical, optical or thermal forces 

in the fluid of samples via electromagnetic interactions.  The sensor measures the resulting 

forces of the sample and the readout circuit amplifies the output signal.  The readout circuit 
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can also reduce the noise for a better signal quality as well as condition the signal to be 

interpreted by a computer [35].  This device is suitable for early detection of terrorist 

weapons and on-site analysis of a disaster.  It can be used to rapidly detect antibodies 

against hazardous biological and explosive agents [36]. 

1.4.12 Antibody profiling assay 

Certain antibodies have a unique fingerprint in humans, animals and other species.  These 

unique individual set of antibodies are termed Individual Specific Autoantibodies (ISA).  

They can be found in blood, serum, saliva, urine, semen, perspiration, tears, and body 

tissues.  These antibodies are not affected by illness, medication, food or drug intake.  They 

are produced increasingly in the body from birth to up to two years of age [37].  

Autoantibody profiles depend on an individual’s exposure to different environmental 

antigens which is variable between individuals including identical twins [38].  An 

important feature that distinguishes autoantibodies from antibodies raised by immunization, 

is their ability to recognize their target antigens in the host, as well as in other species [39].  

Antibody profiling can be done by protein microarray-based screening (Table 1.1).  The 

ability to isolate and screen antibodies against a large number of different proteins is critical 

for providing identification of specific antibodies.  Antibody profiling can also be 

performed using ELISA, RIA and agglutination assays.  Applying protein microarray 

technology to the profiling of antibodies has the ability to screen thousands of proteins 

simultaneously for cross-reactivity in a quick and simple procedure.  It can be performed 

using small size samples, which is critical for forensic investigation.  It is inexpensive and 

easy to perform and results are ready in hours [40].  The first demonstration of a microarray 

for antibody specific profiling was reported by Michaud et al., (2003).  For example, 

ProtoArray™ Human Protein Microarray consists of 1,900 human proteins.  All the 

proteins are highly purified, and then spotted on nitrocellulose-coated glass slides.  The 

identity of every protein printed on the array is known, any antibody cross-reactivity with 

the printed proteins can be easily identified.  DNA profiling is a more expensive technique 

than antibody profiling and developing genetic-code-based information takes a long time.  

Profiling autoantibodies has helped in the differentiation of identical twins.  Antibody 

profiling has recently been used to secure documents for authentication purposes [38].  

Figure 1.6 shows how antibody profiling overcomes DNA analysis for identical twin 

identification.
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Figure 1.6: The significance of antibodies for differentiation of identical twins or clones. 
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1.5 Advantages of using antibodies for forensic investigation 

There are many benefits of using antibodies and antibody-based assays for forensic 

applications.  For example, antibody-based assays detect antibodies which are stable in 

samples up to ten years old when stored at -20oC [41].  Antibodies have the advantage of 

being able to be detected immediately on site in addition to in the laboratory [19].  The 

assays are convenient, especially if the samples are unstable or fragile [19].  Most of the 

antibody-based assays are easy to conduct and produce rapid results [21, 41].  Also, 

antibody-based assays can be qualitative and quantitative [19].  Antibodies specificity to 

antigens are used to differentiate toxins, drugs, bio-threat agents and others [19].  

Polyclonal antibodies can detect groups of antigens or can be specific to a specific 

antigen, if using monoclonal antibodies.  Moreover, they can be detected in small size 

samples, approximately, 10µl [41] .  This is crucial for forensic investigators as samples 

at the crime scene can be scarce. 

 

 

1.6 CONCLUSION 

In conclusion, using antibodies as a major tool in forensic investigations has helped and 

improved individual identification and evidence investigations.  The antibody-based assays 

are not intended to replace DNA for making exact human identification, but can help 

supplement investigators efforts to sort out victims and suspects at a crime scene.  In 

addition, onsite antibody assays can speed up evidence processing without having to submit 

samples to a laboratory.  The test can be used to help investigators determine which 

suspects should undergo DNA testing.   
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KEY POINTS 

Different antibody-based assays for forensic investigations are presented chronologically. 

Advantages of using antibodies in forensic investigations are highlighted. 

The importance of using antibodies in detecting terror weapons is discussed. 

The particular importance of antibodies in twins’ identification is illustrated. 
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CHAPTER TWO 

 

MINI REVIEW: MAIN APPLICATIONS OF 30 COMMONLY 

ENCOUNTERED HARMFUL SUBSTANCES AND THEIR 

POTENTIAL MEDICAL USES 

 

The review presented here was published on the 15th March 2010 in volume 3, Issue 9 of 

the American Journal of Scientific Research.  The original manuscript was prepared by 

myself in collaboration with Guan Tay. 
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CHAPTER THREE 

 

CONSEQUENCES AND SIGNIFICANCE OF ACUTE 

EXPOSURE TO COMMON HAZARDOUS SUBSTANCES 

 

Antibody applications were generally discussed in Chapter 1, which leads to a summary 

of compounds commonly encountered (Chapter 2).  This review discusses the 

consequences of exposure to these common hazards.  The manuscript was accepted for 

publication in the International Review of Health and Safety Issue, 3(1):5-11 
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CHAPTER FOUR 

 

A MINI REVIEW OF AVAILABLE PHARMACOTHERAPY 

AND POTENTIAL IMMUNOTHERAPY FOR THE 

TOXICITY OF 32 MAINLY ENCOUNTERED SUBSTANCES 

 

Consequences of exposure to common hazards Antibody applications were generally 

discussed in Chapter 2, which leads to a summary of the available therapies for treating 

poisoning due to exposure to common hazardous compounds and preventing their 

serious consequences (Chapter 3).  The manuscript was accepted for publication in the 

Middle-East Journal of Scientific Research, 4:263-266 
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SECTION TWO 

 

Experimental Studies 

 

This section consists of: 

(1) A chapter which discusses the characterization of anti-cocaine, anti-amatoxin 

and anti-deltamethrin produced in the milk of sheep 

(2) A chapter prepared as a manuscript for consideration by the editorial board of 

Pharmacology, Biochemistry and Behavior entitled ”The Use of Milk Antibodies 

as Potential Immunotherapy for the Treatment of Cocaine Overdose” 

(3) A chapter prepared as a manuscript for consideration of the editorial board of 

Toxicon entitled “Milk Enriched with Polyclonal Antibodies against Toxin from 

the Poisonous Mushroom Amanita Phalloides (DeathCap) for Treatment of 

Poisoning Episodes 
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CHAPTER FIVE 

 

CHARACTERIZATION OF ANTI-COCAINE, ANTI-

AMATOXIN AND ANTI-DELTAMETHRIN ANTIBODIES 

PRODUCED IN THE MILK OF SHEEP 

 

This chapter was prepared to describe four assays conducted to characterize anti-

cocaine, anti-amatoxin and anti-deltamethrin in milk.  The assays are: (1) indirect 

Enzyme Linked Immunosorbent Assay (ELISA), (2) Sodium Dodecyl Sulfate 

Polyacrylamide Gel Electrophoresis (SDS-PAGE), (3) passive hemagglutination and (4) 

Ouchterlony immunodiffusion assay  
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ABSTRACT 

The characteristics of antibodies which were produced in the milk of three separate sheep 

immunized against cocaine, amatoxin and deltamethrin are described here within.  After 

collection of milk and serum samples on Days 0, 8, 22and 36 from the three hosts, four 

assays were used to characterize the antibodies: (1) indirect Enzyme Linked 

Immunosorbent Assay (ELISA), (2) Sodium Dodecyl Sulfate Polyacrylamide Gel 

Electrophoresis (SDS-PAGE), (3) passive hemagglutination and (4) an immunodiffusion 

assay in an Ouchterlony format.  The absorbance values at 450nm of anti-cocaine milk, 

anti-amatoxin milk and anti-deltamethrin milk on Day 36 were 2.177, 2.133 and 0.411, 

respectively.  In contrast, the values of the control milk on Day 0 were 0.037, 0.039 and 

0.131, respectively.  The increase in the absorbance values suggested successful induction 

of the immune response against the three substances and corresponded with the rise of the 

antibodies titre.  The same trend was observed with the absorbance values of the serum on 

Day 36, which were 2.195, 2.292 and 0.584, respectively.  While, the values of the control 

serum samples were 0.050, 0.044 and 0.199, respectively.  The SDS-PAGE of the immune 

milk samples from the three immunization protocols showed protein bands of heavy and 

light chains of Immunoglobulin G (IgG) and Immunoglobulin A (IgA).  Molecular sizes of 

the protein bands of the milk samples were compared to molecular sizes of standard 

proteins to distinguish antibody classes (IgG, IgA, IgD, IgM or IgE).  The bands in the 

immune milk samples were more dense than the bands of the control milk from the three 

experiments which was consistent with an increase in the antibody level post immunization.  

The hemagglutination assay showed agglutination of Red Blood Cells (RBCs) at the 

bottom of the wells which contained immune serum and immune milk samples from the 

three protocols. The agglutination indicated the presence of antibodies against the three 

toxins in the respective milk samples.  In contrast, negative results appeared as dispersed 

RBCs in wells containing control samples.  The immunodiffusion gels revealed precipitin 

lines that formed between the wells of the antigens and the wells which contained immune 

milk and immune serum samples from the three immunization experiments.  No precipitin 

lines appeared between the wells contained antigens and the wells contained control milk or 

control serum.  The four assays indicated a general increase in the level of specific 

antibodies in the milk and serum after immunization against the antigens of interest.  
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5.1 INTRODUCTION 

Antibodies or immunoglobulins are proteins that are produced by the immune system of 

mammals, specifically, by plasma B-cells in response to foreign molecules entering the 

body.  These foreign molecules are referred to as antigens (Grattendick et al, 2007).  For 

over a century, antibodies have been used in a wide range of research and commercial 

applications.  The first description of antibodies was in 1870 by von Behring and Kitasato. 

They treated diphtheria with an antiserum raised against diphtheria toxin (Martha M, 2008).  

Recently, antibodies have been engineered to treat illnesses such as, asthma, cancer, 

bacterial and viral infections (e.g. Hepatitis B) (Berger et al, 2002, Dillon et al, 2003). 

A commonly used method for the measurement of antibody levels is indirect Enzyme-Linked 

Immunosorbent Assay (ELISA).  The assay was first optimized in 1972 by Engvall and 

Perlmann in Sweden (Engvall and Perlmann, 1971).  The ELISA is a colorimetric enzyme 

assay that is used to detect the reaction between antibodies and antigens (i.e. molecules such 

as proteins).  Qualitative ELISA detects the presence or absence of molecules in a sample, 

such as the urine pregnancy test which detects human Chorionic Gonadotrophin (hCG).  The 

hormone is produced by embryos and is an indicator of pregnancy (Laurence, 2010).  

Quantitative ELISA measures the quantity of molecules in samples (e.g. titration of 

antibodies in blood) (Engvall and Perlmann, 1971).  Indirect ELISA is done by coating a 96-

well microtitre plate with an antigen of interest.  The samples that contain the antibodies are 

added to the antigen coated wells, followed by adding an enzyme conjugated secondary 

antibody.  The secondary antibody is able to bind the primary antibody which present in the 

sample.  An example of a conjugated enzyme is the enzyme horseradish peroxidase.  When a 

substrate such as 3,3',5,5'-Tetramethylbenzidine (TMB) specific for peroxidase comes in 

contact with, the horseradish peroxidase enzyme reacts and produces a color.  The intensity 

of the color is determined by quantity of starting material and is measured by absorbance.  

The absorbance value of the sample is measured by an ELISA plate reader at a specific 

wavelength (e.g. 450nm when using the substrate TMB). The antibody levels in the samples 

are then calculated by plotting the absorbance value of the samples on a pre-known standard 

curve consisting of known concentrations of antibodies.  The standard curve is prepared by 

preparing serial dilutions of a substance (e.g. an antigen or an antibody) that is to be 

measured by ELISA.  The absorbance values of each dilution is measured and plotted against 

its concentration using an X-Y scale graph.  The absorbance of the unknown sample is then 
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extrapolated from the axis of absorbance to determine the correlated concentration on the 

axis of the concentration (Wardley and Crowther, 1982). 

Screening to determine the affinity and avidity (i.e. binding strength) of antibodies to the 

target antigen of interest is part of the characterization process.  Specificity refers to the 

ability of an individual antibody-binding site to only react with one antigenic site, or the 

ability of antibody molecules to only react with a specific antigen. Screening for the 

specificity of an antibody can be performed using a gel-based system known as 

Ouchterlony, also known as the double immunodiffusion assay (Smith and Stewart, 1978).  

Ouchterlony assays can be performed using gels, or strips, or alternating with paper discs 

impregnated with antigens or antibodies.  If the Ouchterlony is in the form of impregnated 

strips or discs, few drops of the sample are added on to the strip or the strip is dipped in to 

the sample.  Assays performed using gel on a Petri dish, require wells to be plugged out of 

agar.  The test sample is placed in wells in a pattern in which specific antibodies or antigens 

are located adjacent to each other.  The reactants are allowed to diffuse radially in the agar.  

When the antigen and antibody meet in area with the appropriate concentration (zone of 

equivalence), precipitation will occur.  A precipitin band is formed in the zone of 

equivalence which is considered as a positive result.  The line also indicates that the tested 

antibodies are able to bind the target antigens or proteins (Stanley, 2002). 

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) is a method 

used to determine the molecular weight of proteins.  The hydrophobic tail of 

DodecylSulfate interacts strongly with polypeptide chains.  The number of SDS molecules 

bound by a polypeptide is proportional to the length of the polypeptide.  Each 

dodecylsulfate contributes two negative charges.  Collectively, these charges overwhelm 

any intrinsic charge of the protein.  They, therefore migrate towards the anode when placed 

in an electrical field.  SDS is also a detergent that denatures protein and disrupts protein 

folding.  The presence of sulfhydryl-reducing agents such as beta-mercaptoethanol breaks 

any disulfide links between polypeptide chains.  The chains are covered with the negative 

charged SDS and for this reason, the migration distance of the SDS-protein complexes in 

polyacrylamide gels depends on the protein’s molecular weight (Stanley, 2002). 

Passive hemagglutination assays or indirect hemagglutination assays use Red Blood Cells 

(RBCs) to adsorb soluble antigens onto their surfaces. The RBCs agglutinate in the 
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presence of antiserum specific for the adsorbed antigen.  A positive sample forms clumps 

arising from the sedimentation of antigen-antibody complexes in a button like shape at the 

bottom of a well, while a negative sample forms a dispersed RBCs solution.  It is a simple 

and rapid method which can be applied to large numbers of samples in one plate (Stanley, 

2002). 

There are a range of other more sophisticated antibody assessment tools.  Antibody 

Isotyping is an assay for classifying antibodies into different classes (IgG, IgM, IgA, IgD 

and IgE) and their subclasses (IgG1, IgG2a and IgG2b).  It is based on using antisera 

directed against epitopes (protein regions) on the heavy chains which are specific for a 

particular antibody isotype.  This assay has been used to determine the effectiveness of 

antibodies for diagnostic and therapeutic applications, such as immunotherapy (Dean, 

2000).  The class of an antibody is determined by isotype-specific antibodies.  Test strips 

are commonly used, on which catcher antibodies that are directed against all isotypes of a 

species are immobilized.  After application of the sample and the binding of the antibodies 

that are to be typed, determination of the isotypes takes place by enzyme-coupled or 

colloid-coupled isotype-specific detection antibodies.  The colloid-coupled detection 

antibodies produce a black color as a positive signal.  The binding of enzyme-coupled 

detection antibodies is verified by the conversion of a colored substrate.  Alternatively, 

some antibody Isotyping kits are also offered in the ELISA format (Luttmann et al, 2006). 

This chapter described the characterization of a series of in-house antibodies produced in-

house from sheep’s milk.  These antibodies were produced from immunization experiments 

against three toxic substances (cocaine, amatoxin and deltamethrin).  The experiments were 

conducted by immunizing three lactating Merino ewes.  Each of the three toxins was used 

to immunize the ewes in separate immunization protocols.  The immunization injections 

were administered on Day 0, followed by two boosts on Days 15 and 29.  Blood and milk 

samples were collected on Days 0, 8, 22 and 36.  The samples were centrifuged to separate 

serum from the blood and to reduce fat in the milk samples.  The antibodies were raised for 

experiments to assess the potential of using immune milk for the purpose of neutralizing 

poisoning episodes. Four assays were then used to characterize the produced polyclonal 

antibodies in this study: indirect ELISA, SDS-PAGE, passive hemagglutination assay and 

Ouchterlony immunodiffusion assay. 
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5.2 MATERIALS AND METHODS 

5.2.1 Milk and Blood Samples Processing 

Milk and blood samples were collected from three ewes immunized against cocaine, 

amatoxin and deltamethrin.  The immunization protocol was performed on the bases of 

previous related studies in ovine (Watson, 1992, Armstrong, 1997).  The studies concluded 

that the half life of antibodies in milk was around 12-18 days.  Based on these observations, 

the immunization injections, in the three experiments of interest, were administered 

intramuscularly in the rear quadriceps of each host animal on Days 0, 15 and 29.  Milk and 

blood samples were collected on Days 0, 8, 22 and 36.  The samples were then centrifuged 

to reduce fat in the milk samples and to separate serum from the blood samples.  

Fifty millilitres of milk sample and 50.0ml of blood samples were collected from each ewe 

on Day 0 prior to the first inoculations against cocaine, amatoxin and deltamethrin.  These 

samples were used as controls for the rest of the samples which were collected on Days 8, 

22 and 36.  After each collection, the samples were centrifuged at 16770.0g for 10 minutes.  

Centrifugation of the milk samples was to reduce the fat content of milk. Reduced fat milk 

is less stressful when fed to mice.  Centrifugation of the blood samples was to separate 

serum from packed cells.  The processed samples were stored in labelled aliquots at -20oC 

prior to any laboratory analysis. 

5.2.2 Indirect Enzyme Linked Immunosorbent Assay 

An Indirect Enzyme-linked Immunosorbent Assay (ELISA) was prepared to measure the 

antibodies against cocaine, amatoxin and deltamethrin in the serum and the milk samples.  

The samples were collected from the sheep hosts on Days 0, 8, 22 and 36.  Three separate 

96-well microtitre plates (Bio-Rad, Hercules, CA, USA) were coated each with 

100.0µl/well of 20.0µg one of the three antigens per 1 ml of 0.1M carbonate coating buffer 

(Bagasra et al, 1992, Faulstich et al, 2007, Lee H et al, 2002).  The three antigens are: 

cocaine-HCl (Sigma-Aldrich, St Louis, MO, USA), alpha-amanitin (Sigma, St Louis, MO, 

USA) and cyano (4-phenoxyphenyl) methyl 3-(2,2-dibromovinyl)-2,2- 

dimethylcycloprpoane carboxylate (Sigma-Aldrich, St Louis, MO, USA).  The coating 

buffer was 3.03g Na2CO3 and 6.0g NaHCO3 in 1.0L distilled water at pH 9.6.  The plates 

were incubated overnight at 4oC.  The following day the plates were washed twice with a 
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washing solution; 0.05% Tween 20 in 10.0% Phosphate Buffered Saline (PBS) (Sigma, St 

Louis, MO, USA).  The coated plates were blocked with a blocking solution (5.3g Na2CO3, 

4.2gNaHCO3 and 1.0% bovine serum albumin (Sigma, St Louis, MO, USA) in 1.0L 

distilled water at pH 9.6).  The plates were covered and incubated overnight at 4oC.  Prior 

to the assay, the plates were washed twice with the washing solution.  The milk samples 

were diluted to 1/100 and the serum samples were diluted to 1/1,000 in the blocking 

solution (Bagasra et al, 1992, Faulstich et al, 2007, Lee H et al, 2002).  The samples were 

then added to the plates in duplicate (50.0µl/well).  The plates were covered and incubated 

overnight at 4oC.  The following day, the plates were washed twice. 

The secondary antibodies; anti-sheep IgG-peroxidase antibody produced in donkey (Sigma, 

St Louis, MO, USA) was added to the plates (50.0µl/well).  After incubation for 2 hours at 

room temperature, the plates were washed twice.  Fifty microlitres of the substrate 3, 3’, 5, 

5’-tetramethylbenzidine (Sigma-Aldrich, St Louis, MO, USA) was then added to each well 

of the plates.  The plates were incubated in a dark place for 30 minutes at room 

temperature.  After incubation, 50.0µl stop solution (2.0M HCl) was added to each well.  

The absorbance values of the samples were measured at 450nm using a Plate Reader 

200/2.0 (Bio-Rad, Hercules, CA, USA). 

5.2.3 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 

A Mini ProteanTetracell (Bio-Rad, Hercules, CA, USA) was assembled according to the 

manufacturer’s instructions.  The sample comb was removed carefully from a precast 

stacking gel (4.0% to 20.0%) (Sigma, St Louis, MO, USA).  The cassette was assembled in 

the electrophoresis apparatus.  The top tank was filled with 1x running buffer (30.0g 

trisbase, 144.0g glycine and 10.0g SDS in 1.0L distilled water at pH 8.3).  After insuring 

there were no leaks, the bottom tank was filled with the running buffer.  The apparatus was 

tilted to dispel any bubble caught under the gel. 

A 4x stacking gel buffer was prepared by adding (60.5g trisbase in 1.0L water at pH 6.8).  

The milk samples (collected on Days 0 and 36 of immunization experiments against 

cocaine, amatoxin and deltamethrin) were thawed at room temperature and mixed at a 1:1 

ratio with 2x SDS-PAGE sample buffer: 2.0ml of 4x stacking gel, 1.6ml glycerol, 10.0g 

SDS (Sigma, St Louis, MO, USA), 0.8ml of 2-mercaptoethanol (Sigma, St Louis, MO, 
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USA) and 0.4ml of 1.0% bromophenol blue (Sigma-Aldrich, St Louis, MO, USA)in 1.0L 

water.  The mixture was heated in a water bath for 3 minutes at 95oC to denature the 

proteins of the samples and to ensure the maximum amount of SDS protein binding.  

Samples were then cooled to room temperature.  The insoluble material was removed by 

centrifugation at 10,000rpm for 5 minutes. 

Unstained precision plus protein standard (Sigma, St Louis, MO, USA) was mixed with 2x 

SDS-PAGE sample buffer in a 1:1 ratio.  The samples and the standard were loaded into 

the wells of the gel (5.0µl per well).  The protein components were separated by 

electrophoresis at 250 volts for 40 minutes.  After separation, the apparatus was 

disconnected from the power and dissembled.  The gel was covered with a gel fixing 

solution (50.0%v/v ethanol and 10.0%v/v acetic acid in 1.0L distilled water).  After fixing 

the gel for an hour, it was stained with a staining solution; comprising of 0.1%w/v 

Coomassie blue R250 (Sigma-Aldrich, St Louis, MO, USA), 20.0%v/v methanol (Sigma-

Aldrich, St Louis, MO, USA) and 10.0%v/v acetic acid (Sigma-Aldrich, St Louis, MO, 

USA) in 1.0L distilled water for 2 hours with gentle agitation. The gel was destained with a 

destaining solution (50.0%v/v methanol and 10.0%v/v acetic acid in 1.0L distilled water).  

The destaining solution was refreshed several times by aspiration with a Pasteur pipette 

until protein bands were visible without background staining of the gel.  Finally, the gel 

was covered with a storage solution (5.0%v/v acetic acid in 1.0L distilled water) for longer 

preservation. 

5.2.4 Passive Hemagglutination Assay 

Passive hemagglutination assay was conducted using the serum and milk samples collected on 

Days 0 and 36 of immunization experiments against cocaine, amatoxin and deltamethrin.  The 

method of antigens adsorption to Red Blood Cells (RBCs) was adapted from the method by 

Campbell et al., (1970).  Twenty millilitres Polyethelenglycol (PEG) (Sigma, St Louis, MO, 

USA) was added to 80.0ml of 10.0% PBS (Sigma, St Louis, MO, USA) at pH 7.3 to form a 

20.0% PEG solution.  In three separate test tubes, 1ml of eachantigen (0.6µg/ml cocaine-HCl, 

0.3µg/ml alpha-amanitin and 0.4µg/ml cyano (4-phenoxyphenyl) methyl 3-(2,2-

dibromovinyl)-2,2- dimethylcycloprpoane carboxylate) were mixed with to 1ml of PEG 

solution and 1ml of tanned sheep RBCs.  These mixtures were incubated for 15 minutes at 

37oC.  Mixtures were then centrifuged at 1,000rpm for 5 minutes.  Optimum concentrations of 
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antigens were determined by checkerboard titration in a 96-well microtitre plate.  This titration 

was based on serial dilutions of the three antigens.  A serial dilution of each antigen was added 

to serial dilutions of milk and serum samples.  Control sheep RBCs were prepared in a normal 

saline (Sigma-Aldrich, St Louis, MO, USA) at a dilution of 1/100.  The mixtures were then 

added to wells of a 96-microtitre plate (Bio-Rad, Hercules, CA, USA), which contained milk 

and serum samples (see Figure 5.5 for the order of the samples).  All were incubated for 6 

hours at 4oC.  Finally, the wells were examined for presence or the absence of RBCs 

agglutination. 
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5.2.5 Ouchterlony Immunodiffusion Assay 

An agar gel was prepared by dissolving 2.0g Noble agar (Sigma-Aldrich, St Louis, MO, 

USA) in 200.0ml borate saline buffer at pH 8.5 (Sigma, St Louis, MO, USA).  After 

cooling the mixture to 50oC, aliquots were pipetted into sterile Petri dishes (5.0ml per dish).  

The agar was allowed to solidify.  Agar plugs were removed with a straw to make six 

empty wells.  Undiluted samples of serum and milk from the three immunization 

experiments were added to the wells (20.0µl per well).  The control samples were collected 

on Day 0 and the anti-cocaine, anti-amatoxin and anti-deltamethrin samples were collected 

on Day 36.  Each antigen was separately added to the central well of each Petri dish (see 

Figures 5.6 and 5.7 for the order of the samples).  Dishes were then covered and placed in a 

moisture chamber for 48 hours at 4oC.  Finally, excess reagents were washed out and the 

plates were examined for the presence or absence of white precipitin lines between the 

wells. 

 

 

5.3 RESULTS 

5.3.1 Enzyme Linked Immunosorbent Immunoassay 

Milk and blood samples were collected from three ewes immunized against cocaine, 

amatoxin and deltamethrin (sheep No. 2 in Chapter 8), each in a separate experiment.  The 

immunization injections were administered intramuscularly in the rear quadriceps of each 

host animal on Days 0, 15 and 29.  Milk and blood samples were collected on Days 0, 8, 22 

and 36.  The samples were then centrifuged to reduce fat in the milk samples and to 

separate serum from the blood samples.  The titre of antibodies in the immune milk and 

immune serum samples from the three immunization protocols were determined by 

conducting three indirect ELISAs, one for each antigen.  The absorbance values of the 

samples at 450nm were compared to the absorbance values of their corresponding control 

samples collected on Day 0.  The absorbance values of the immune milk collected from the 

ewes immunized against cocaine (Figure 5.1), amatoxin (Figure 5.2) and deltamethrin 

(Figure 5.3) on Day 36 were 2.177, 2.133 and 0.411, respectively. While the absorbance 
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values of the control milk collected on Day 0 were 0.037, 0.039 and 0.131, respectively.  

Similarly, the absorbance values of the immune serum collected on Day 36 from the three 

immunization experiments was high, specifically: 2.195, 2.292 and 0.584, respectively.  In 

contrast, absorbance values for the control serum samples collected on Day 0 were low: 

0.050, 0.044 and 0.199, respectively.  The absorbance values of the serum and milk 

samples collected on Day 8 and Day 22 were higher than the respective non-immune 

samples (see Figures 5.1 to 5.3). 
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Figure 5.1 Absorbances values of anti-cocaine in milk and serum samples from an ewe immunized against cocaine on Days 0, 15 and 29.  

The milk and the serum samples were collected on Days 0, 8, 22 and 36.  The milk samples were diluted to 1/100 and the 

serum samples were diluted to 1/1,000.  The antibody levels in the samples were measured using an indirect ELISA at 450nm.  

Samples collected on Day 0 before the first immunization were used as a control. 
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Figure 5.2 Absorbance values at 450nm, using indirect ELISA,of milk and serum samples from an ewe immunized against amatoxin on 

Days 0, 15 and 29 show successful production of specific polyclonal antibodies.  The milk (1/100) and the serum samples 

(1/1,000) collected on Days 8, 22 and 36 are plotted and compared to control samples of Day 0.  
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Figure 5.3 Absorbance values of milk and serum samples from an ewe (sheep No. 2 in Chapter 8) that was immunized against 

deltamethrin using indirect ELISA at 450nm showing an increase in the antibody titre.  The immunization injections were 

applied on Days 0, 15 and 29, while collecting milk and serum samples were collected on Days 0, 8, 22 and 36.  The milk 

samples were diluted to 1/100 and the serum samples were diluted to 1/1,000. 
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5.3.2 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 

Control milk samples collected before immunization (Day 0) and immune milk collected 

after immunization (Day 36) were loaded into separate wells of a precast SDS-PAGE gel.  

The three samples of immune milk contained antibodies, presumably against cocaine, 

amatoxin and deltamethrin, as demonstrated previously by ELISA.  The control samples 

were undiluted while the immune samples were diluted 1/100.  Figure 5.4 shows the 

resultant protein bands after completion of the electrophoresis process.  The first lane on 

the left side of the gel shows the standard protein bands; 5 bands from top to bottom 

according to their molecular weight; 75kDa, 50kDa, 25kDa15kDa and 10kDa.  The profile 

of the anti-cocaine milk, the anti-amatoxin milk and the anti-deltamethrin milk contained 

protein bands of molecular weight 60kDa, 25kDa and 15kDa.  While, the controls from the 

ewes immunized against cocaine and amatoxin were characterized by protein bands of 

25kDa and 15kDa.  The control milk from the ewe immunized against deltamethrin 

contained protein bands of 60kDa, 25kDa and 15kDa. 

The immune milk samples contained protein bands of heavy chains IgG and IgA (60kDa), 

light chains of IgG and IgA (25kDa) and the junction chain of IgA (15kDa).  The 15kDa 

chain is the junction which binds the two monomers of IgA.  The dominant 

immunoglobulin types found in milk are IgG and IgA (Marnila et al, 2011).  All immune 

and non-immune milk samples from the three experiments contained light protein bands of 

10kDa.  These bands are the secretory components which IgA molecules receive from the 

secretory epithelial cells of the mammary gland (Telemo and Hanson, 1996).
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Figure 5.4 Results of a Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis assay (SDS-PAGE) performed on anti-cocaine, 

anti-amatoxin and anti-deltamethrin milk samples collected on Day 36 and diluted to1/100.  An undiluted aliquot of the 

control milk samples collected on Day 0 before immunization against the three substances were loaded in adjacent lances for 

comparison.  The protein bands of the standard are arranged from top to bottom according to their molecular weight as 

follows: 75kDa, 50kDa, 25kDa, 15kDa and 10kDa.  All immune milk samples from the three experiments contain bands that 

were consistent with the heavy chains of IgG and IgA (60kDa), the light chains of IgG and IgA (25kDa) and the junction 

chain of IgA (15kDa). 
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5.3.3 Passive Hemagglutination Assay 

Milk and serum samples were studied using a passive hemagglutination assays.  In separate 

assays, Sheep Red Blood Cells (RBCs) were adsorbed to each antigen of cocaine, amatoxin 

and deltamethrin.  Fifty microlitres of the adsorbed RBCs were added into each well of a 

96-microtitre plate.  Following this, fifty microlitres of milk or serum samples were added 

to each well.  Figure 5.5 shows the order of the samples in the plate. The RBCs reaction 

with immune milk and immune serum samples collected on Day 36 from the three 

immunization experiments against cocaine, amatoxin and deltamethrin were compared to 

the RBCs reaction with the control milk and control serum samples collected on Day 0. 

The plate was divided into two halves; the bottom half (E to H) was a replicate of the upper 

part of the plate (A to D).  The RBCs adsorbed to cocaine, amatoxin and deltamethrin were 

added to rows A, B and C, respectively.  Normal saline was then added to row D as a 

negative control.  Samples were added in the following order: anti-cocaine milk (column 

1), control milk (column 2), anti-cocaine serum (column 3) and control serum (column 4).  

Using the same order, Columns 5 to 8 contained samples from the ewe immunized against 

amatoxin and columns 9 to 12 contained samples from the ewe immunized against 

deltamethrin (Figure 5.5). 

Positive results in the upper half appeared as dispersed RBCs in wells A1, A3, B5, B7, C9 

and C11.  Negative results, as in row D, appeared as small buttons of coagulated RBCs at 

the bottom of wells.  The results in the replicate lower half of the plate were identical to the 

results in the upper half. 
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Figure 5.5 Hemagglutination assay conducted using anti-cocaine milk (column 1), anti-amatoxin milk (column 5) and anti-deltamethrin 

milk (column 9).  The control milk samples were loaded in columns 2, 6 and 10, respectively.  Anti-cocaine serum, anti-

amatoxin serum and anti-deltamethrin serum were loaded into wells of columns 3, 7 and 11, respectively.  The control serums 

are in columns 4, 8 and 12, respectively.  The RBCs were adsorbed to cocaine in row A, to amatoxin in row B and to 

deltamethrin in row C.  Normal saline was added to row D.  Positive results (dispersed RBCs) are in wells A1, A3, B5, B7, 

C9 and C11.  The remaining wells contained button like shapes are negative (agglutinated RBCs).  The lower half of the plate 

is a replication of the upper half. 
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5.3.4 Ouchterlony Immunodiffusion Assay 

Three immunodiffusion assays were performed using undiluted milk and undiluted serum 

samples from sheep immunized against cocaine, amatoxin and deltamethrin (Figure 5.6).  

The central well in Plate 1 was loaded with the antigen cocaine.  The surrounding wells 

(clockwise) contained control milk, anti-cocaine milk, control serum and anti-cocaine 

serum.  The formation of precipitin lines indicated positive results. In the plate, there was a 

precipitin line between the central well and the one contained anti-cocaine milk. Another 

line was between the central well and the well containing anti-cocaine serum. 

The central well in plate 2 contained the amatoxin antigen. The surrounding wells 

(clockwise) contained control milk, anti-amatoxin milk, control serum and anti-amatoxin 

serum.  A precipitin line appeared between the central well which contained the amatoxin 

antigen and the well containing anti-amatoxin milk. Another white line was observed 

between the central well and the well of anti-amatoxin serum (Figure 5.6). 

In plate 3 of Figure 5.6, deltamethrin antigen, control milk, anti-deltamethrin milk, control 

serum and anti-deltamethrin serum, were arranged clockwise as in previous assays.  A 

precipitation line was noticed between the central well and the well of anti-deltamethrin 

milk.  Another line was observed between the central well and the well containing anti-

deltamethrin serum. 

Figure 5.7 shows three immunodiffusion assays plates using milk and serum samples of the 

three immunization experiments.  The central well in plates 1, 2 and 3 were filled with 

antigens of cocaine, amatoxin and deltamethrin, respectively.  Plate 1 had two precipitin 

lines between the central well and well of anti-cocaine milk, another line was between the 

central well and the well of anti-cocaine serum.  Plate 2 had two precipitin lines between 

the central well and the well of anti-amatoxin milk and between the central well and the 

well of anti-amatoxin serum.  Plate 3 had two precipitin lines between the central well and 

the well of anti-deltamethrin milk and between the central well and the well of anti-

deltamethrin serum.  The data presented in both Figures 5.6 and 5.7 showed that the 

antibodies raised against antigens were specific. 
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Figure 5.6 Immunodiffusion assay performed using cocaine (plate 1), amatoxin (plate 2) and deltamethrin (plate 3) added to the central 

wells.  In plate 1, the samples were control milk, anti-cocaine milk, control serum and anti-cocaine serum.  In plate 2 

(amatoxin) and plate 3 (deltamethrin), samples were added the same order as in plate 1.  The white precipitin lines between 

the wells indicated the presence of antibodies specific to the antigens on the central wells.  The antibodies were specific for 

the antigens that they were raised against. 
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Figure 5.7 Immunodiffusion assay using antigens of cocaine (plate 1), amatoxin (plate 2) and deltamethrin (plate 3) added to the central 

wells.  In plate 1, the samples were anti-deltamethrin milk, anti-amatoxin milk, anti-cocaine milk, anti-deltamethrin serum, 

anti-amatoxin serum and anti-cocaine serum (clockwise).  Samples were added to plates 2 and 3as in plate 1.  There were no 

cross reactivity between each antigen and the antibodies specific for other antigens in the three plates. 
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5.4 DISCUSSION 

A series of assays were performed to evaluate the potential of antibodies produced in 

sheep’s milk for treating poisoning episodes.  Three common poisons; cocaine, amatoxin 

and deltamethrin were used in separate immunization protocols to raise milk antibodies.  

Elsewhere, poison neutralization experiments using Balb/c mice are described.  This 

specific chapter described the four methods used to ensure that specific antibodies were 

raised, a prelude to the mouse studies. 

5.4.1 Enzyme Linked Immunosorbent Immunoassay 

Three separate indirect ELISAs were used to quantify the level of antibodies in serum and 

milk samples collected from three different immunization experiments, each against 

cocaine, amatoxin and deltamethrin. The absorbance values of samples collected on Days 

0, 8, 22 and 36 were measured at 450nm.  The absorbance values of the immune serum and 

the immune milk samples were higher than the absorbance values of their respective 

control serum and control milk.  This indicated increase in the levels of polyclonal 

antibodies against cocaine, amatoxin and deltamethrin in serum and milk after 

administration of the vaccines.  The vaccines were given intramuscular which explains that 

the primary exposure to the antigens was in the blood.  Also, the primary site of antibody 

production occurred in the blood.  It is consistent with previous studies that the antibody 

level in serum affects the antibody level in milk.  The antibodies, mainly Immunoglobulin 

G (IgG) pass from blood to the milk through the mammary glands, any increase or decrease 

of the antibodies in the blood affects the antibodies level in the milk (Telemo and Hanson, 

1996).  To maintain a high antibody response in the three ewes, two boosts of each vaccine 

were injected intramuscular on Days 15 and 29.  The levels of antibodies in the anti-cocaine 

milk and the anti-cocaine serum were the highest of the three antigens with levels of 

antibodies in the anti-deltamethrin milk and the anti-deltamethrin serum being the lowest.  

The factors that affect the immune response to a vaccine and affect the production level of 

antibodies in blood and milk include: the antigen type, the antigen molecular weight, the 

conjugate size, the antigen load in the vaccines, the antigen stability, the adjuvant type and 

individual variability (Katare et al, 2005).  In this study, the cocaine antigen was conjugated 

to Keyhole Limpet Hemocyanin (KLH), which has a large molecular weight of 2,000 to 

3,000kDa (Jameson and Wong, 2009).  The size of this conjugate was larger than the size 
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of the conjugates used for amatoxin and deltamethrin which was Bovine Serum Albumin 

(BSA).  The molecular weight of BSA is 68kDa (Chu, 2011).  In general, the larger the size 

of the antigen the greater the immune response.  Thus, it was not surprising that the 

response was higher in the ewe immunized against cocaine despite of the individual 

variability of the ewes.  Other factors (e.g. antigen load, stability and adjuvant type) that 

affect the antibody production in milk and blood were not varied between the three 

immunization protocols.  Nevertheless, minor variations can be expected and probably 

contributed to differences observed. 

5.4.2 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 

Since the ELISA results indicated a general increase in antibodies after immunization 

against cocaine, amatoxin and deltamethrin, an SDS-PAGE was performed to further 

validate the presence of antibodies in milk samples used for the neutralization experiments 

in mice.  The SDS-PAGE was conducted using the immune milk samples collected on Day 

36 which was diluted to 1/100 and compared to undiluted control samples collected from 

Day 0 for the three experiments.  Figure 5.4 shows the electrophoresis gel for the immune 

milk samples from the three immunization experiments.  The immune milk samples 

contained protein bands of heavy chains IgG and IgA (60kDa), light chains of IgG and IgA 

(25kDa) and the junction chain of IgA (15kDa).  The 15kDa chain is the junction which 

binds the two monomers of IgA.  The dominant immunoglobulin types found in milk are 

IgG and IgA.  Immunoglobulin G, which is secreted by plasma B-cells, filtrates from the 

blood to the lymphatic fluid, then transfers to the milk through the mammary epithelial 

cells.  The process of transfer involves binding of the antibodies to specific receptors 

located on the surface of the mammary epithelial membrane.  The binding action triggers 

the formation of inward sacs in the membranes which is known as endocytosis.  The 

antibodies enter the membranes and then transfer to the milk by a reversed process which is 

called exocytosis (Marnila et al, 2011).  All immune and non-immune milk samples from 

the three experiments contained light protein bands of 10kDa.  These bands are the 

secretory components which IgA molecules receive from the secretory epithelial cells of 

the mammary gland.  The secretory component helps IgA molecules to transport through 

the cell and they remain attached to IgA molecules within secretions on mucosal surfaces 

and in milk (Telemo and Hanson, 1996).  There are two subclasses of Immunoglobulin A, 
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IgA1 and IgA2.  In general, the subclass IgA2 is the dominant type in secretion fluids, 

colostrums, sweat, saliva and milk (Mantis et al, 2006). Based on this fact and the density 

and molecular weight of the resulted bands (Figure 5.4), it is presumed that IgA2 was the 

abundant subclass in all milk samples from the three protocols.  The control milk from the 

three experiments contained more dense bands of light chains of IgG and IgA, the junction 

chain of IgA and the secretory component of IgA.  This was due to the difference in the 

dilution of samples; the immune milk samples were diluted 1/100 compared to undiluted 

controls.  Through direct observation and comparison of the density and molecular weight 

of the resulted bands (Figure 5.4), there were two dense bands of 30kDa and 13kDa in the 

control milk lanes from the three experiments.  These bands were proposed to be proteose-

peptones 4 and proteose-peptones 5, respectively.  These proteins are normal components 

of milk and were observed more in undiluted milk (Mantis et al, 2006).  Antibody 

purification is required to characterize these bands and identify the available subclasses of 

immunoglobulins in the collected milk and serum samples. 

The immune milk samples collected on Day 36 had protein bands of 60kDa while the band 

was absent in the control milk from the cocaine and the amatoxin immunization 

experiments.  There was a band of 60kDa in the control milk from the deltamethrin 

immunization, but less dense than that in the anti-deltamethrin milk.  This could have arisen 

due to previous exposure of the ewe to deltamethrin.  The insecticide is administered by the 

technicians of the Large Animal Facility at the University of Western Australia to maintain 

in good health animal.  The results shown in the gel indicate that the levels of polyclonal 

antibodies increased after the immunization.  Although, the three controls were undiluted, 

they had low levels of the heavy chain of IgG compared to their immune milk diluted to 

1:100.  This also suggested that the level of these IgG molecules increased after 

immunization against the substances of interest. 

5.4.3 Passive Hemagglutination Assay 

Three passive hemagglutination assays were conducted to determine if the antibodies in 

milk and serum samples collected from the immunization experiments were specific to the 

antigens, cocaine, amatoxin and deltamethrin.  The passive hemagglutination assays were 

performed using a 96-microtitre plate.  The immune milk and immune serum samples 

collected on Day 36 were compared to their control samples collected on Day 0.  Each 
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antigen of cocaine, amatoxin and deltamethrin was adsorbed to sheep RBCs and added to a 

number of wells.  Positive results were observed in wells which contained immune milk 

and immune serum samples. Positive results were indicated by dispersed RBCs in wells. 

The RBCs clump due to the binding of the antibodies in the samples to the antigens which 

were adsorbed on the surface of the RBCs.  Negative results were observed when there 

were no specific antibodies to bind the adsorbed antigens; the RBCs aggregated and 

coagulated in a button like shape at the bottom of the wells.  This was clear in wells 

containing the control samples added to saline, rows D and E on Figure 5.5.  Although, the 

control milk and the control serum samples from the ewe immunized against deltamethrin 

had a high level of antibodies against deltamethrin due to previous exposure in rations. That 

level of antibodies was not enough to bind their specific antigens and was not enough to 

agglutinate the adsorbed RBCs.  The assay also indicated that the produced antibodies in 

the milk and serum samples after immunization against each antigen of interest were able to 

bind their specific antigen.  For example, the anti-cocaine milk (well A1) and the anti-

cocaine serum (well A3) formed diffuse RBCs reaction.  While the anti-cocaine milk (wells 

B1 and C1) and the anti-cocaine serum (wells B3 and C3) formed button like shapes of 

RBCs.  The RBCs in these wells were adsorbed to antigens of amatoxin and deltamethrin 

(see Figure 5.5).  Thus, the antibodies in the anti-cocaine milk and the anti-cocaine serum 

were only able to bind the antigen of cocaine and disperse the cocaine-adsorbed RBCs.  

The antibodies produced against amatoxin (columns 5 and 7) and deltamethrin (columns 9 

and 11) had a similar pattern of results indicating that they were specific to their respective 

antigen.  The lack of agglutination between the anti-cocaine and the deltamethrin and 

amatoxin highlights the specific nature of the antibodies produced.  Likewise, anti-

deltamethrin and anti-amatoxin showed only positive results with their respective antigens, 

though not with others tested. 

5.4.4 Ouchterlony Immunodiffusion Assay 

Three Ouchterlony immunodiffusion assays were conducted using three Noble agar 

prepared plates.  The central well of each plate contained an antigen of cocaine, amatoxin 

and deltamethrin.  The immune serum and immune milk samples were added to the 

surrounding wells (see Figures 5.6 and 5.7).  Two precipitin lines between the central well 

which contained the antigen and between the wells containing the immune serum and 
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immune milk samples appeared in each plate (Figure 5.6).  There was no precipitin line 

between wells of each antigen and wells of samples from other experiments (Figure 5.7).  

For example, there was no precipitin line between the well containing the cocaine antigen 

and the wells contained anti-amatoxin and anti-deltamethrin samples. 

The four assays suggest that the level of polyclonal antibodies in milk and serum collected 

from immunization experiments against cocaine, amatoxin and deltamethrin increased 

compared to their levels in respective control samples.  The passive hemagglutination assay 

and Ouchterlony assay show that the produced antibodies were antigen specific.  This 

provided a collection of antibodies for immunotherapy experiments to treat poisoning 

episodes. The antibodies were used to neutralize toxic effects due to exposure to harmful 

substances.  Subsequent neutralization experiments using Balb/c mice were performed to 

determine the effectiveness of using polyclonal antibodies produced in the milk of sheep to 

treat or at least prevent death due to overdosing by the three toxins of interest. 
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CHAPTER SIX 

 

THE USE OF MILK ANTIBODIES AS POTENTIAL 

IMMUNOTHERAPY FOR THE TREATMENT OF COCAINE 

OVERDOSE 

 

Since cocaine is a popular drug of abuse and the number of death incidents due 

to cocaine overdosing is increasing, this chapter describes an immunization 

procedure of a Merino ewe to produce anti-cocaine milk.  The milk then was used 

in a neutralization experiment using a Blab/c mouse model.  The mice were 

poisoned with an overdose of cocaine and treated with anti-cocaine milk.  Data 

analysis is also presented.  This chapter prepared as a manuscript for 

consideration by the editorial board of Pharmacology, Biochemistry and Behavior 
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ABSTRACT 

Accidental overdose arising from substance abuse accounts for the highest number of 

deaths among drug users.  Cocaine, opiates and alcohol are the three main causes, 

accounting for 97% of all deaths resulting from overdose.  The available treatment for drug 

overdose is generally supportive and there is usually no available antidote.  This study 

examined the potential use of polyclonal antibodies for the purpose of neutralizing illicit 

drugs.  Specific antibodies were produced by immunizing lactating sheep with KLH 

conjugated cocaine.  The presence of anti-cocaine in milk following immunization was 

confirmed using an ELISA assay.  The milk containing anti-cocaine was used in a mouse 

study to examine the neutralizing effects of the specific polyclonal antibodies.  A test group 

of 8 adult Balb/c mice were fed a LD50 cocaine (90mg cocaine-HCl per kg of body weight).  

Within 18.50 to 20.53 minutes (Mean = 19.38 + 0.62 minutes) of administering the drug, 

the animals started to arch their backs, showing distinct signs of distress and anti-social 

behavior.  Two of the 8 mice started to convulse.  All 8 animals received milk containing 

anti-cocaine as soon as distress was noted.  After an elapsed time of 20.21 minutes upon 

receiving antibody treatment, the demeanour of the animals returned to the original state.  

In contrast, a separate group of 8 overdosed animals that were treated with milk without 

specific cocaine antibodies.  Every animal in this control group continued to show signs of 

overdose 65.40 minutes after receiving their milk feed.  Convulsions in 3 of the 8 control 

animals continued throughout the entire experiment.  Although the animals would have 

eventually recovered; according to experimental guidelines the animals in this control 

group had to be euthanized to end their suffering.  Despite not achieving an end point for 

the control group, the difference between the recovery time of the test group and the time 

the control experiment was terminated was significant (p = 4.95 x 10-25 using an ANOVA 

single factor test).  When the dose of cocaine was increased (2x LD50), the observable 

effects of the drug appeared earlier (Mean = 9.55 + 0.81 minutes) and more mice (5 of 8) 

developed convulsions.  Animals in the 2x LD50 group were fed milk containing anti-

cocaine.  The recovery time was twice as long (43.00 + 1.77 minutes) compared to the 1x 

LD50 group (20.21 + 1.06 minutes). 

KEY WORDS:  Cocaine; Drug Toxicity; Poisoning; Passive Immunization; 

Immunotherapy; Overdose. 
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6.1 INTRODUCTION 

Cocaine is the most abused drug in the world (Somaini et al, 2011).  For example, there are 

approximately six million cocaine users in the United States (Cornish and Obrien, 1996, 

Briscoe et al, 2001).  Cocaine, opiates and alcohol account for 97% of accidental drug 

overdose deaths (Coffin et al, 2003, Bohnert et al, 2011). 

Cocaine is an alkaloid substance obtained from the leaves of the coca plant, Erythroxylon 

coca (Ling et al, 2001, Collins et al, 2007).  Exposure to cocaine occurs through routes 

either by ingestion, inhalation, insufflations, injection and through suppository 

administration (Ling et al, 2001).  It is a powerful stimulant of the Central Nervous System 

(CNS) (Ling et al, 2001, Sofuoglu and Kosten, 2005).  Cocaine inhibits the reuptake of 

epinephrine and norepinephrine in the peripheral ganglia (Briscoe et al, 2001, Treweek et 

al, 2011).  On the CNS, cocaine increases the release of norepinephrine and inhibits the 

reuptake of dopamine and serotonin and blocks sodium channels.  This leads to prolonged 

contraction of the connected muscles leading to tachycardia, hypertension, hyperthermia, 

anxiety, agitation and seizures (Briscoe et al, 2001, Sofuoglu and Kosten, 2005). 

To date, there is no available antidote for cocaine (Carrera et al, 2004, Karila et al, 2011).  

The available treatment for cocaine overdose is only supportive, which treats symptoms 

and does not prevent death in severe cases.  For example, dopamine and benzodiazepam are 

used to stop convulsions (Gasior et al, 1999).  These symptomatic therapies are inadequate 

and further investigations are necessary to develop effective treatment strategies. 

Immunotherapy has been approached as a promising tool to treat cocaine abuse and 

overdose.  There have been a number of studies that investigate the neutralization effects of 

antibodies against cocaine.  For example, Carrera et al., (2005) developed GNC92H2, a 

monoclonal antibody to prevent cocaine addiction in a study that used a rat model of 

relapse.  They found that 8% to 62% of vaccinated animals failed to reinstate compared 

with full relapsing in all control animals.  The results suggested that antibodies are a 

promising tool that could be used to protect against cocaine addiction relapse.  Dange et al., 

(2004) cloned and characterized the 4D8 and 5B3 antibodies.  Their study found that both 

antibodies specifically bound the toxic metabolite of cocaine, cocaethylene.  This finding 

suggested that both antibodies could be promising agents against cocaine overdose.  In 
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another study, Baird et al., (2000) found that the catalytic monoclonal antibodies 

mAb15A10 altered the pharmacokinetics of cocaine by increasing its metabolism towards 

production of non toxic-cocaine metabolites; ecgonine methylester and benzoic acid.  The 

data indicated that this antibody may be an effective cocaine antagonist.  Three days of pre-

treatment with the catalytic antibody lowered the rate of response to cocaine in trained 

cocaine self-administer rats.  In a different study, Briscoe et al., (2001) studied the effect of 

the mAb15A10 in vivo against the cardiovascular effect of cocaine overdose.  A time 

course analysis of 1 to 3 days of pre-treatment with the catalytic antibody showed 

significant reduction of mortality, reduction of plasma cocaine levels and elevation of 

plasma ecgonine methylester levels in Balb/c mice. 

The study described here within was conceived to test the concept of producing antibodies 

in milk of sheep to neutralize ingested cocaine.  Traditionally, antibodies for therapy (e.g. 

anti-venom) are raised as blood products in large domestic animals (e.g. the horse).  In 

recent times, egg yolk has been used as a more humane alternative.  Milk offers similar 

advantages as collection is less invasive for the host animal than blood collection.  The 

work here used sheep as host.  Sheep can produce large quantities of milk, and antibodies 

can be continuously drained compared to blood quantities collected once or twice as 

terminal bleeds.  Milk containing anti-cocaine can be used to neutralize cocaine in the gut 

before the drug can be absorbed, especially, when given immediately after cocaine 

ingestion.  Other components of milk may aid in neutralizing toxins in the gut.  Fatty 

molecules are known to line the inner surface of the gut and this may reduce the absorption 

of the cocaine molecules.  In general, fatty molecules have been shown to bind lipophilic 

molecules and reduce their absorption into the blood (Marnila et al, 2011).  To demonstrate 

the neutralizing potential, milk with anti-cocaine was used to neutralize the overdose 

effects in mice.  A test group of mice were monitored visually for signs of overdose.  The 

time it took the animals to develop signs of overdose and recovery times after anti-cocaine 

milk treatment were statistically compared to animals in a control group that were fed milk 

with no anti-cocaine effect.  
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6.2 MATERIALS AND METHODS 

6.2.1 Cocaine hapten conjugation 

The conjugation method used was performed according to the technique described by 

Bagasra L et al. (1992).  Forty milligrams of cocaine hydrochloric acid (Sigma, St Louis, 

MO, USA) was dissolved in a solution of 0.1M sodium metaperiodate (Sigma-Aldrich, St 

Louis, MO, USA).  The cocaine mixture was stirred for 20 minutes at room temperature.  

Keyhole Limpet Hemocyanin (KLH) solution was prepared by dissolving 10.0mg/ml KLH 

(Sigma, St Louis, MO, USA) in 0.1M bicarbonate buffer (8.4g sodium bicarbonate in 1.0L 

distilled water at pH 9.5).  Subsequently, 2.0ml KLH solution was added drop wise to the 

cocaine mixture.  The pH of the solution was carefully adjusted to 9.5; knowing that an 

increase in pH beyond this point would have precipitated the cocaine molecules.  After 4 

hours of continuous stirring at room temperature, 100mg sodium borohydride (Sigma, St 

Louis, MO, USA) dissolved in 5.0ml distilled water, was added to the mixture.  The entire 

mixture was poured into a 12kDa dialysis bag (Sigma, St Louis, MO, USA) and hanged in 

0.001M phosphate buffered saline (PBS) at pH 7.4 (Sigma, St Louis, MO, USA).  The 

dialysis process was carried out over 3 days at 4oC with daily buffer changes.  Finally, the 

conjugated antigen was stored in labelled aliquots at -20oC, prior to use. 

6.2.2 Cocaine vaccine formulation 

The cocaine inoculation formula used for the first injection contained 0.5ml of the 

conjugated antigen (cocaine-KLH) emulsified in 0.5ml Complete Freund’s Adjuvant 

(Sigma, St Louis, MO, USA).  The formula for injection 2 and 3 was identical, and 

comprised of 0.5ml of the conjugated antigen emulsified in 0.5ml Incomplete Freund’s 

Adjuvant (Sigma, St Louis, MO, USA). 

6.2.3 Sheep immunization 

A two-year-old lactating Merino ewe (Animal Care Unit, Perth, WA, Australia) was housed 

with her 2-month-old lamb in the Large Animal Facility at the University of Western 

Australia for 7 weeks.  They were housed on a 12 hour light cycle and were given free 

access to water and feed.  During the first week, the animals were allowed to acclimatize to 

the test environment.  The inoculation injection was given intramuscular in the left hind 
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quadriceps soon after, on Day designated "0" and following with two boosts15 and 29 days 

after the first injection.  All care was afforded the animals involved, and the experiment 

was performed according to the Animal Ethics Guidelines approved by the Animal Ethics 

Committee at the University of Western Australia (Approval No. RA/3/100/811). 

6.2.4 Milk samples collection 

At each sampling point, 50ml of milk was collected from the ewe. This procedure was 

carried out by the investigator Shreen Nusair and the senior animal technician Astrid 

Armitage.  Milk was collected on Days 0, 8, 22 and 36.  Milk collected on Day 0, before 

the animals received the first injection, was used as a control (non-immune milk).  The 

level of anti-cocaine in Day 0 was compared to levels for the rest of the samples collected 

post inoculation.  Milk collected on Day 36 (anti-cocaine milk) was later used to neutralize 

cocaine overdose in mice. 

6.2.5 Processing of milk samples 

All milk samples were centrifuged at 10,000rpm for 10 minutes.  Centrifugation was 

performed directly after collection to reduce the fat content.  The samples were stored in 

labelled aliquots at -20oC for further testing. 

6.2.6 Quantification of milk antibodies 

The low fat milk samples were thawed at room temperature.  An Indirect Enzyme-linked 

Immunosorbent Assay (ELISA) was adapted  to measure antibody levels in the samples 

(Bagasra et al, 1992).  Each well of a 96-well microtitre plate (BioRad, Hercules, CA, 

USA) was coated with a 100.0µl solution that contained 20.0µg cocaine per 1.0ml of 0.1M 

coating buffer (0.03g Na2CO3 and 6.0g NaHCO3 in 1.0L distilled water at pH 9.6).  The 

plate was covered with parafilm and incubated overnight at 4oC.  Following this, the plate 

was washed twice using a washing buffer (0.05% Tween 20 in 10.0% phosphate buffered 

saline at pH 9.6).  Each well of the plate was coated with 100.0µl blocking buffer (5.3g 

Na2CO3, 4.2g NaHCO3 and 1.0% bovine serum albumin in 1.0L distilled water at pH 9.6).  

The plate was covered with parafilm and incubated overnight at 4oC.  Subsequently, the 

plate was washed twice using the washing buffer.  Milk samples were prepared at a 1/100 

dilution in blocking buffer.  Fifty microlitres of the diluted sample was added to each 
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microtitre well.  The plate was covered and incubated overnight at 4oC.  On the following 

day, the plate was washed twice with the washing buffer.  A working concentration anti-

sheep IgG-Peroxidase antibody produced in donkey (Sigma, St Louis, MO, USA) was 

prepared at a dilution of 1/5,000 for use as a secondary antibody.  Fifty microlitres of the 

secondary antibody was then added to each well.  After a two hour incubation period at 

room temperature, the plate was washed twice with the washing buffer.  Fifty microlitres of 

(99%) 3, 3’, 5, 5’-tetramethylbenzidine (Sigma-Aldrich, St Louis, MO, USA) was added to 

each well.  The plate was incubated for 30 minutes at room temperature in the dark.  The 

reaction was stopped by adding 50.0µl stop solution (2.0M HCl) per well.  Finally, ELISA 

readings of the samples were measured at 450nm using a Plate Reader 200/2.0 (BioRad, 

Hercules, CA, USA). 

6.2.7 Cocaine neutralization experiments in mice 

Thirty nine adult female Balb/c mice (Animal Resources Centre, Perth, WA, Australia) 

were housed in the Preclinical Animal Facility at the University of Western Australia.  The 

animals were allowed one week to acclimatize to the new environment.  The mice were 

kept at a 12 hour light cycle and had a free access to water and feed.  They were separated 

in to five groups, each in a separate cage; Groups 1 and 2 (study groups), Group 3 (control), 

Groups 4 and 5 (placebo groups).  Further details are in Table 6.1. 

Group 1 was gavaged orally 2x LD50 dose of cocaine-HCl (90mg cocaine-HCl/kg body 

weight in 0.9% sterile normal saline).  Any mouse displaying any sign of cocaine overdose 

including; hyper activity, hunched back, convulsions and aggressiveness (Brackett et al, 

2000) was immediately gavaged orally 0.2ml anti-cocaine milk (collected on Day 36 of 

immunization).  Group 2 was gavaged 1x LD50 dose of cocaine-HCl.  After mice displayed 

overdose symptoms, they were gavaged 0.2ml anti-cocaine milk.  Group 3 (control) was 

given 1x LD50 dose of cocaine-HCl.  They were then gavaged 0.2ml of the control milk 

(collected on Day 0 of immunization).  Group 4 was fed orally 0.1ml of 0.9% sterile normal 

saline (Sigma-Aldrich, St Louis, MO, USA).  They were then given 0.2ml anti-cocaine 

milk.  Group 5 was fed 0.1ml of 0.9% sterile saline followed with 0.2ml control milk.  

Groups 4 and 5 were designed to test if the control milk and the anti-cocaine milk had any 

adverse effect on the mice.  All mice were numbered and were monitored visually during 

all the experiments.  The visual monitoring was performed by the investigator Shreen 
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Nusair, the senior animal technician Simon Ross and the animal technician in charge Leah 

Attwood.  The normal behavior and signs of cocaine overdose were filmed and 

photographed for validation.  The experiments were designed and modified on the bases of 

previous works (Fox et al, 1996, Brackett et al, 2000, Carrera et al, 2000, Treweek et al, 

2011).  All experiments were conducted according to Animal ethics guidelines approved by 

the Animal Ethics Committee at the University of Western Australia (Approval no. 

RA/3/100/811). 

  



 

88 
 

Table 6.1 The groups of animals used for the cocaine neutralization experiments. Trials were performed on 39 adult female Balb/c mice 

divided into 5 groups.  Groups 1 and 2 were the study groups used to test the neutralization potential of anti-cocaine milk.  

Group 3 animals were fed non-immune milk as the control.  Groups 4 and 5 were the placebo groups.  Animals in this two 

groups received saline in place of cocaine.  The animals in Groups 4 and 5 received anti-cocaine milk and non-immune milk, 

respectively. 

 

 

 

 

 

 

 

 

 

Group 
number Group type Description 

1 Study Eight mice were gavaged orally a LD50 cocaine-HCl (90mg cocaine-HCl per kg body 
weight) followed by an oral neutralization with 0.2ml anti-cocaine milk. 

2 Study Eight mice were gavaged orally a LD50 cocaine-HCl followed by an oral neutralization 
with 0.2ml anti-cocaine milk. 

3 Control Eight mice were gavaged a LD50 cocaine-HCl followed with 0.2ml control milk. 

4 Placebo Seven mice were gavaged 0.1ml sterile normal saline followed with 0.2ml anti-cocaine 
milk 

5 Placebo Eight mice were given orally 0.1ml sterile normal saline followed with 0.2ml control 
milk. 
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6.2.8 Data analysis 

The analysis of Variance (ANOVA) single factor routine in the SPSS software package 

(Chicago, IL, USA) was used to analyze the results and calculate the sum, the average and 

the variance for the study and control groups.  The test also calculated sum of squares, 

degree of freedom, mean of squares, F-ratio, P-value and F-critical to compare between the 

groups and within the groups.  The confidence interval for the statistical analysis was 95%.  

For statistical comparisons, the value p < 0.05 was considered significant.   

 

 

6.3 RESULTS 

A lactating ewe was immunized with cocaine on Day 0 followed by two boosts on Days 15 

and 29.  Milk samples were collected on Days 0, 8, 22 and 36.  Samples collected on Day 0 

prior to injection were used as a control.  The samples were stored in aliquots at -20oC after 

centrifugation to reduce the fat contents.  An indirect ELISA was used to quantify anti-

cocaine in samples collected.  The absorbance was measured at 450nm.  The milk samples 

collected on Days 0, 8, 22 and 36 had absorbance values of 0.037, 1.692, 1.592 and 2.177, 

respectively.  Figure 6.1 shows that all samples collected after immunization had high 

readings, indicating the systematic induction of the immune response of the ewe resulting 

in the production of anti-cocaine. 
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Figure 6.1 The ELISA readings of the antibody levels in the milk samples collected before immunization of a lactating Merino ewe 

against cocaine (Day 0) and after immunization (Days 8, 22 and 36).  The first inoculation was administered on Day 0, 

immediately after sample collection.  Two subsequent boosts were given on Days 15 and 29.  Antibody levels were 

determined by Indirect ELISA and are expressed as the absorbance value at 450nm. 
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The anti-cocaine milk samples were pooled for a neutralization study involving Balb/c 

mice.  The milk was fed to mice immediately upon distress; except for the placebo groups 

(Groups 4 and 5).  These animals were given the milk after an oral dose of sterile saline to 

establish if the milk of sheep had any effect on mice.  The specific details of the design of 

the neutralization experiment in mice are in Table 6.1.  The mice behaved normally before 

cocaine administration.  Figure 6.2(A) shows a group of adult female Balb/c mice 

exhibiting normal behavior before the cocaine overdose experiment commenced.  The mice 

were grooming, inquisitive, had round abdominal walls, had balanced posture and gaits, 

had good appetite and their eyes were open and shiny.  All groups including the placebo 

groups displayed normal behavior before the start of the experiment.  The animals of Group 

4 unexpectedly displayed some signs of discomfort for a short period immediately after 

ingesting the anti-cocaine milk.  Figure 6.2(B) shows the range of behavior of overdosed 

mice after ingesting 90mg cocaine-HCl per kg body weight.  The signs observed and 

recorded included hyperactivity, eyes squinting, aggressiveness, wobbly movements, 

unbalanced gaits and stiff tails.  Some mice had convulsions (see Table 6.2).  Some mice 

such as the example in Figure 6.2(C) showed a hunched posture in response to cocaine 

overdose.  Figure 6.2(D) depicts a convulsing mouse.  Overdosed mice in Groups 1, 2 and 

3 displayed these typical signs of cocaine overdose at different times depending on the dose 

of the cocaine the mice had ingested. 
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Figure 6.2 Panel A shows a group of adult female Balb/c mice displaying normal behavior, posture and grooming.  Cocaine increases the 

release of norepinephrine and inhibited the reuptake of the dopamine and serotonin and blocked the sodium channels.  Panel 

B shows the same mice in hyperactive state after ingesting a dose of cocaine-HCl (90mg/kg body weight).  Typically, many 

animals display a hunched back posture (see mouse indicated by the arrow and animal in Panel C).  Prolonged involuntary 

contraction of the connected muscles leading to hunched back, eventually leads to twitching and convulsions (Panel D). 
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Table 6.2 lists the times recorded for every mouse in Groups 1, 2 and 3 during the cocaine 

neutralization experiment.  The elapsed times the mice developed signs of poisoning and 

the time to recovery after administering milk were recorded.  The recovery time records 

include the time elapsed for each mouse to return to normal behavior (if at all) after 

treatment with the anti-cocaine milk.  In addition, the total elapsed time for the whole 

experiment and the Mean + Standard deviation were recorded for every mouse. 

The time records were based on continuous visual observation by two independent 

observers for each mouse.  The control and the placebo groups were compared.  Animals in 

Group 1 (n=8) that received 2x LD50 cocaine (90mg cocaine-HCL per kg body weight) 

displayed signs of overdose within 09.55 + 0.81 minutes.  All the mice in this group 

displayed hyperactivity, eye squinting, aggressiveness, hunched backs and five mice 

showed convulsions (Table 6.2).  The animals received milk containing anti-cocaine upon 

showing signs of distress and returned to normal behavior within 43.00 + 1.77 minutes of 

receiving the anti-cocaine milk.  Nevertheless, two mice of this group failed to stop 

convulsions.  Mice of Group 2 (n=8) that had 1x LD50 cocaine showed signs of cocaine 

overdose within 19.38 + 0.62 minutes and returned to normal status within 20.21 + 1.06 

minutes after ingesting anti-cocaine milk.  Two of 8 mice had developed convulsions as the 

cocaine started to take effect and returned to normal behavior around 20 minutes after being 

treated with anti-cocaine milk.  The recovery time of mice in Group 1 compared to the 

animals of the control (Group 3) that were fed with milk without anti-cocaine was 

significant (p = 4.95 x 10-25).  Further statistical details and comparisons are in Table 6.3.  

Animals of Group 3 (n=8) showed the signs of cocaine overdose within 19.58 + 0.97 

minutes after ingesting 1x LD50 dose of cocaine.  This group never returned to normal 

status.  In the control group, three mice had convulsions and one mouse failed to stop 

convulsions.  In fact, mouse number 5 from the control group started convulsions 63.08 

after ingesting control milk.  After over one hour there was no observable effect and the 

animals remain distressed.  All eight animals had to be euthanized to end their pain. 
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Table 6.2 Response times for each mouse in Groups 1, 2 and 3 after exposure to cocaine overdose and after milk administration are 

listed.  The total elapsed time of the trial, the Mean + Standard Deviation and the number of convulsing mice of the three 

groups are also shown. 

a Developed hunched back, hyperactivity and aggressiveness after ingesting cocaine, b Time elapsed after ingesting anti-cocaine milk, c Had 

convulsions.  

Group 
Study Control 

Group 1 Group 2 Group 3 

Mouse 
number 

Post 
overdose a 

(min) 

Post immuno 
therapy b 

(min) 

Total 
Elapsed 

Time (min) 

Post 
overdose a 

(min) 

Post immuno 
therapy  b  

(min) 

Total 
Elapsed 

Time (min) 

Post 
overdose a 

(min) 

Post milk 

therapy  
(min) 

Total 
Elapsed 

Time (min) 
1 10.15 45.01 55.16 19.20 20.28 39.48 18.13 c > 66.40 84.53 

2 10.05 c 42.23 52.28 18.50 c 21.48 40.38 18.11 c > 65.51 83.62 

3 09.24 c 44.16 c 53.40 c 19.41 20.32 40.13 19.50 c > 66.20 c 86.10 c 

4 08.08 c 40.20 48.28 19.24 19.44 38.68 20.42 > 65.15 85.56 
5 09.11 c 42.56 c 51.67 c 20.10 20.45 40.46 20.48 > 63.08 c 83.56 c 
6 10.10 45.09 55.19 19.05 18.09 37.14 19.59 > 66.05 86.04 
7 10.55 44.54 55.09 19.11 c 20.30 39.41 20.19 > 64.30 84.49 
8 09.13 c 45.02 54.15 20.53 21.28 42.21 20.22 > 66.49 87.11 
M 09.55 43.00 53.15 19.38 20.21 39.59 19.58 > 65.40 > 85.28 

+ SD + 0.81 + 1.77 + 2.38 + 0.62 + 1.06 + 1.35 + 0.97 + > 1.19 + > 1.11 
Convulsing 

mice 5 2 2 2 0 0 3 2 2 

Dose 2x LD50 cocaine-HCl (90mg cocaine-
HCl per kg body weight) 

1x LD50 cocaine-HCl (90mg cocaine-
HCl per kg body weight) 

1x LD50 cocaine-HCl (90mg cocaine-
HCl per kg body weight) 
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Figure 6.3 illustrates the mean elapsed time for Groups 1, 2 and 3 to recover after oral 

administration of milk upon distress due to overdose on cocaine.  The mean elapsed time to 

recover for each group was compared to the mean total time of the trial (pre and post 

treatment with milk).  Group 2 had the shortest time to recover (39.59 minutes).  Although 

two mice of Group 3 stopped convulsing, one mouse continued convulsing and the rest of 

mice never recovered.  The mice were euthanized approximately 85.28 minutes to end their 

pain. 
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Figure 6.3 The time animals of the study group responded to milk therapy.  Group 2 animals developed signs of poisoning at 19.4 

minutes and recovered 20.2 minutes after receiving milk containing anti-cocaine.  In contrast, animals who received milk 

with no antibodies (Group 3) had to be euthanized as signs of poisoning continued for over 1 hour.  There appears to be a 

dose effect, with animals receiving twice the dose showing signs after a shorter period of time (10 minutes post poisoning in 

Group 1) and twice the anti-cocaine response times (43 minutes). 
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Table 6.3 ANOVA single factor test conducted on Group 1 (had 2x LD50 cocaine then immune milk), Group 2 (had 1x LD50 cocaine 

then immune milk) and Group 3 (control) of Balb/c mice (n=8) to compare the recovery times (min) of animals feed anti-

cocaine milk and milk with no antibodies.   

(A) 

Groups Count of animals Sum Average Variance 

1 8 348.81 43.60 3.13 

2 8 161.64 20.21 1.13 

3 8 523.18 65.40 1.42 

(B) 

Source of 

Variation 

Sum of Squares 

(SS) 

Degree of 

freedom (df) 

Mean Squares 

(MS) 
F-ratio P-value F-critical 

Between Groups 8172.86 2 4086.43 2156.95 4.95 x 10-25 3.47 

Within Groups 39.79 21 1.89 NA٭ NA* NA* 

Total 8212.65 23 NA* NA* NA* NA* 

  NA: not applicable٭
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6.4 DISCUSSION 

Producing antibodies using sheep is convenient and practical.  Sheep have often been used as 

animal models for investigating the immune system.  In fact, the sheep model has proven 

extremely useful, especially for investigations that are related to the production of T-cells and 

B-cells.  Consequently,  sheep offer distinct advantages when exploring the interaction 

between a pathogen and the immune system (Pastoret et al, 1998).   

In this study, milk samples were collected on Days 0, 8, 22 and 36 from a lactating ewe which 

were immunized against cocaine on Days 0, 15 and 29.  The milk samples were centrifuged to 

reduce its fat content and make it easier for ingestion by the mice during neutralization trials.  

An indirect ELISA was used to quantify the levels of antibodies produced in the reduced fat 

milk.  The sample collected on Day 0 before immunization of the host animal was used as a 

control (i.e. milk with no antibodies).  Absorbance values at 450nm recorded for the milk 

samples collected on Days 8, 22 and 36 were higher than the readings of the control milk from 

Day 0 (Figure 6.1), confirming an increase in polyclonal antibodies in the milk after 

immunization.  The controlled environmental conditions at the Large Animal Facility at the 

University of Western Australia and the continuous regular monitoring of the animals 

minimized the possibility of exposing the ewe to any other antigens except cocaine.  Thus, the 

increase in the absorbance value of the milk samples was a result of the production of 

antibodies against cocaine.  Furthermore, results of the immunodiffusion assay and passive 

hemagglutination assay in chapter 5 confirmed these findings. 

The specificity of the cocaine antibodies were tested by an immunodiffusion assay and a 

passive hemagglutination assay (results in chapter 5).  The results indicated that antibodies 

produced in milk samples collected were specific for cocaine.  The vaccine induced the 

production of polyclonal antibodies against cocaine in the blood which are subsequently 

transferred to the milk.  The mechanism of an antibody transfer from blood to milk is not fully 

understood, however it is known to be mediated by receptors specific to antibodies.  The 

binding facilitates the antibody transfer through membranes to the lacteal ducts and finally 

into milk.  The whole process is known as transcytosis (Pastoret et al, 1998).  Following the 

first immunization injection, the level of antibodies in milk surged on Day 8.  This is a typical 

response of the immune system and is consistent with a first exposure to foreign antigens (Gill 

et al, 2000, Shu et al, 2000).  Since the half life of the antibodies in adult sheep is 12 to 17 
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days, a booster was required to maintain a consistent level of antibodies in milk.  

Immunoglobulin G (IgG) is presumably the predominant antibody class transferred through 

the epithelial cells of the blood vessels, to the mammary glands and to the milk.  These 

immunoglobulins are the smallest antibodies and are the easiest to be transferred from blood 

to milk (Watson, 1992, Telemo and Hanson, 1996).  To differentiate between the classes of 

antibodies (IgG, IgA, IgD, IgM and IgE) in samples, further tests such as, sodium dodecyl 

sulfate polyacrylamide gel electrophoresis, immunodiffusion and hemagglutination are 

required (Harlow and Lane, 1999). 

A trial using milk antibodies to neutralize cocaine overdose in16 adult female Balb/c mice was 

conducted.  Following ingestion of the drug, obvious signs of overdosing were observed: 

hyperactivity, aggressiveness, stiff tails, eyes squinting and hunched backs. Some mice reacted 

severely and developed convulsions.  These signs were very distinct and readily 

distinguishable to normal behavior of mice in the control and placebo groups that received 

saline.  When mice were delivered to the animal facility for testing, all were in good health 

and showed normal general grooming habits, good appetite, and typical inquisitive nature of 

rodents with balanced posture and gaits. Examples of the postures and general behavior of 

mice that were poisoned and those that were not are shown in Figure 6.2.  Cocaine increases 

the release of norepinephrine and inhibits the reuptake of dopamine and serotonin and blocks 

sodium channels of the nervous membranes.  The total effects of cocaine action on the Central 

Nervous System (CNS) of animals, prolong involuntary contraction of the connected muscles 

leading to hunched backs and convulsions (Briscoe et al, 2001, Sofuoglu and Kosten, 2005).  

Mice in Group 4 were normal throughout the trial.  However, mice of this group had signs of 

discomfort (inward suction of the abdominal walls and eye squinting) approximately five 

minutes post ingesting the anti-cocaine milk.  The signs could not be explained, and further 

studies to exclude confounding effects of the high level of antibodies are required. 

Table 6.2 shows the time elapsed for each mouse in Groups 1, 2 and 3 after the cocaine 

overdose.  The potential value of antibodies was subsequently assessed by comparing the 

mice fed with anti-cocaine milk to those that received the control milk.  The time records 

showed that mice that received 1x LD50 cocaine-HCl (90mg cocaine-HCl per kg body 

weight) develop signs of overdose in almost double the time required for Group 1 animals 

who received 2x LD50 cocaine-HCl.  The severity of the poisoning episodes also appears 
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greater, with five of the eight mice in Group 1 which had 2x LD50 cocaine-HCl developing 

convulsions.  In contrast, only two mice in Group 2 and three mice in Group 3 developed 

convulsions.  The difference in the number of convulsing mice of each group is consistent 

with dose effect shown by others (Treweek et al, 2011).  The dose effect also altered the 

effectiveness of the anti-cocaine milk in neutralizing the cocaine overdose in mice.  Mice of 

Group 2 recovered in approximately half the time required for Group 1 to recover, although 

the volume of the pooled anti-cocaine milk given to Groups 1 and 2 was the same (0.2ml).  

This was explained by the fact that mice of Group 2 ingested less quantity of the cocaine 

antigens.  Further studies using higher doses of cocaine and anti-cocaine milk are needed to 

test the dose effect relationship and its safety, especially for humans. 

All animals in Groups 1 and 2 that received the proposed immunotherapy in the form of 

anti-cocaine milk recovered.  In contrast, the animals of Group 3 failed to recover.  

Although two mice of three stopped convulsing, one failed and one started convulsing an 

hour post ingesting control milk.  All animals were humanely euthanized at the end point of 

the experiment.  The difference in mean recovery time between the group of animals that 

received anti-cocaine compared to animals receiving no antibodies was statistically 

significant (p = 4.95 x 10-25).  Since cocaine selectively blocks dopamine transporters in the 

Central Nervous System (CNS), the use of classical receptor-antagonist therapies to 

outcompete cocaine at the CNS sites has been studied by Treweek et al., (2011).  Passive 

immunization with the monoclonal antibody GNC92H2, specific for cocaine, circumvents 

this problem in overdosed mice as cocaine was sequestered in the periphery prior to entry 

into the brain.  Thus, the antibody binding of cocaine molecules prevents the toxic effects 

of cocaine on the CNS.  The results confirm the importance of highly specific and tight 

drug binding antibodies to prevent or even reverse drug toxic effects, convulsions and 

death.  In summary, Figure 6.3 shows the mean elapsed time for each group to recover 

compared to the mean total time of the trial (pre and post treatment with milk).  Group 2 

had the shortest time to recover (39.59 minutes), while, mice of Group 3 never recovered, 

and were euthanized approximately 85.28 minutes in accordance to the Ethical guidelines 

at the University of Western Australia. 

Based on literature, the antibodies in the anti-cocaine milk were able to bind cocaine 

molecules in the gut creating antigen-antibody complexes large enough to prevent passage 
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to the blood stream (Walker, 1978).  Antigen-antibody complex formation in the gut 

appears to prevent migration of antigen to the cellular membrane surface and interfere with 

enterocytes absorption as proposed by Walker (1978).  This explanation was also consistent 

with a previous study that showed the ability of antibodies to survive the harsh stomach 

acidity and to bind antigens in the gut preventing their absorption.  The study used doses of 

colostrum extract from cattle immunized with 14 Enterotoxigenic Escherichia coli (ETEC) 

strains.  Ninety healthy adult volunteers were treated with placebos following an oral 

challenge with an ETEC O78 strain.  Another ninety healthy adults were treated with 

tablets of hyperimmune bovine colostrum containing antibodies against ETEC strains with 

a sodium bicarbonate buffer to aid passage of the active product through the stomach.  The 

study concluded that the neutralization effect of the antibodies was independent of the 

concurrent use of the buffer and the antibodies were able to survive the acidity of the 

stomach (Otto et al, 2011). 

The concept of using antibodies to bind cocaine and inactivate its toxic effects had been 

previously studied by Carrera et al., (2005).  They examined the therapeutic potential of the 

anti-cocaine antibody; GNC92H2; using a mouse-model of cocaine overdose.  Swiss albino 

mice were injected with intravenous LD50 cocaine and treated with 30 to 190 mg/kg 

GNC92H2 infusions.  The GNC92H2 was injected 30 minutes before or 3 minutes after the 

cocaine overdose.  Significant blockage of cocaine toxicity was observed with higher doses 

of GNC92H2 (190 mg/kg).  After administration of the higher dose, seizures were reduced 

in up to 77% of the animals and death by 72%.  Importantly, GNC92H2 prevented death 

even post-cocaine injection.  The results support the important potential of antibodies as a 

therapeutic tool, as well as a prophylactic tool against cocaine overdose. 

The free cocaine molecules in the gut need to pass to the blood to reach their target 

receptors in the Central Nervous System (CNS).  The effect of the cocaine is manifested by 

hyperactivity, aggressiveness and convulsions.  When excessive quantities of an antigen 

traverse the intestinal epithelial wall or when secondary defenses are diminished (e.g. 

secretory IgA), antigens may diffuse into the interstitial space and enter the systemic 

circulation.  The penetration of foreign proteins into the circulation may in turn evoke 

allergic or toxic reactions (Walker, 1978).  The cocaine molecules which already had bound 

to their receptors on the CNS were metabolized and consequently, convulsions stopped.  
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The use of the treatment regimen at early stages may have contributed partially to the 

success of the anti-cocaine milk in stopping convulsions.  The anti-cocaine milk was given 

immediately after each mouse displayed hyperactivity or aggressiveness.  Further studies 

are needed to test immunotherapy of cocaine at advanced stages of toxicity (serious 

convulsions leading to respiratory failure and death).  This could be achieved by some 

amendments for the design of this experiment (i.e. administer higher doses of cocaine to 

mice, wait the mice to display serious toxicity symptoms and accept death as an end point 

for the experiment). 

The choice of sheep for the production of antibodies against cocaine was based on the fact 

that sheep and goats are important agricultural species with an estimated global population 

of 1.7 billion (Pastoret et al, 1998).  From the laboratory perspective, these small ruminants 

are more manageable.  Pragmatically, sheep and goat herds are more common in 

developing countries, providing the possibility of low cost prophylactic strategies. 

In this work, the proposed immunotherapy using milk to treat cocaine overdose delivered 

promising results.  Especially, as a preliminary therapy while the victim is being transported 

to a hospital.  In addition, milk is generally regarded as safe (GRAS) and holds great promise 

since it is one of the primary items in most household refrigerators.  It is feasible to store 

fresh batches for weeks for the purposes of emergencies.  On the other hand, further studies 

are required to investigate the safety and dose effectiveness of such a therapeutic tool.  This 

study was conducted to treat early cases of toxicity.  Thus, tests are required to investigate 

the effectiveness of anti-cocaine milk for treating advanced cases of overdosing. 
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CHAPTER SEVEN 

 

MILK ENRICHED WITH POLYCLONAL ANTIBODIES 

AGAINST TOXIN FROM THE POISONOUS MUSHROOM 

AMANITA PHALLOIDES (DEATHCAP) FOR TREATMENT 

OF POISONING EPISODES 

 

Amatoxin was chosen in this study as an example of a toxin that humans consume 

accidently.  Toxicity due to consuming poisoning mushrooms is 90% containing 

amatoxin.  This chapter describes a method of producing anti-amatoxin milk in sheep.  

The immune milk was then used to treat poisoned mice after being orally fed a toxic dose 

of amatoxin.  Recovery time for each poisoned mouse was recorded after being fed 

immune milk and compared to mice fed control milk.  The data was analyzed using 

ANOVA.  The chapter is under the consideration of the editorial board of Toxicon. 
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ABSTRACT 

Amatoxins from the poisonous mushroom Amanita phalloides are cyclic peptides that 

inhibit DNA-dependant RNA polymerase II in mammalian cells.  Poisoning results in the 

inhibition of protein transcription and biosynthesis, leading ultimately to apoptosis of 

affected cells.  According to the American Association of the Poison Control Centres, there 

were 7,351 reported cases of A. phalloides poisoning in 2007.  There is no effective 

treatment for amatoxin poisoning.  This study examined the use of specific polyclonal 

antibodies as a potential approach for treating amatoxin poisoning.  Specific antibodies in 

milk were raised by immunizing a lactating Merino ewe with alpha-amanitin as the antigen.  

Milk samples were collected prior to the primary injection on Day 0 and subsequently on 

Days 8, 22 and 36.  The presence of specific antibodies in milk samples was confirmed by 

an indirect enzyme-linked immunosorbent assay using the antigen alpha-amanitin to coat a 

96-well microtitre plate.  The milk containing amatoxin antibodies was used to treat 2 study 

groups of 8 adult female Balb/c mice that were intentionally poisoned with doses 

equivalent to 1x and 2x LD50 amatoxin.  Following the development of signs of poisoning, 

each animal was treated with milk containing the specific amatoxin antibodies.  The 

individual time elapsed for each mouse to recover from poisoning was recorded and 

compared to a group of 8 mice that were treated with control milk, containing no anti-

amatoxin.  The recovery time following administration of the antibody enriched milk was 

reduced in contrast to animals receiving control milk.  The response time it took for the 

specific milk antibodies to neutralize the poison was less when compared to the response 

time of the group fed with control milk (p = 6.12 x 10-16).  Passive immunotherapy using 

milk to deliver specific antibodies is potentially a feasible method to treat accidental 

ingestions of poisons. 

KEY WORDS: Amanitins, Antibodies, Immunotherapy, Poisonous Effect, Poisoning 

Mushroom, Toxicity. 

 



 

110 
 

7.1 INTRODUCTION 

Antivenom therapies commonly used to treat snake, spider and insect bites are classical 

examples of antibodies used to neutralize the effects of poisons (Descotes, 2004; Gutiérrez 

et al., 2011).  Antibodies are also used to neutralize the sting of jellyfish and stonefish.  

There are a number of commercial polyclonal therapy cocktails that are produced in a range 

of animals including horses, sheep, rabbits and chickens.  ViperaTAbTM is a commercially 

available antibody preparation used to treat Viper venom (Vipera berus) (Newcombe and 

Newcombe, 2007).  DigiFabTM is an antibody preparation used to treat Digoxin poisoning 

(Chen et al., 1993b; Descotes, 2004).  Polyclonal antibodies produced in rabbits against a 

alpha-amanitin conjugate have shown a partially protective effect against amatoxin 

poisoning (Chen et al., 1993a).  However, Faulstich et al.(1988) reported a study using 

monoclonal antibodies against Fab-amatoxin complex that enhanced the poisonous effect of 

alpha-amanitin in mice.  Several factors could have contributed to the contradictory reports.  

Diversification or the ability of polyclonal antibody to bind multiple targets on the 

amatoxin antigen may confer a distinct advantage over a monoclonal antibody.  The use of 

Naval Medical Research Institute (NMRI) mouse strain, although recommended for 

toxicological studies, may be hypersensitive to the mushroom, and replications with 

alternative strains may be necessary.  Regardless, work continues to investigate the 

influence of these variable factors on the effect of using antibodies for treatment of 

amatoxin poisoning. 

Amatoxin poisoning is relatively common.  The American Association of the Poison 

Control Centres reported 10,584 mushroom exposures in 1996 (Litovitz et al., 1997) and 

7,351 exposures in 2007 (Bronstein et al., 2008).  In addition, the medical literature from 

North America and Europe reported 2,108 hospitalized amatoxin exposures (Flanagan and 

Jones, 2004).  Poisoning events are sporadic and can affect all age groups.  For example, 

there have been cases involving multiple family members (Hofer et al., 1983), a husband 

and wife (Korman, 1997), a 2-year-old female child (Pertile et al., 1990) and a 56-year-old 

male (Unverir et al., 2007).   

Over 90% of lethal mushroom poisonings are attributed to one of the species of Amanita 

(Ojanperä and Bogusz, 2007; Poucheret et al., 2010).  Amatoxins from Amanita phalloides 

are cyclic polypeptides composed of 8-ammino-acid chain.  The major amatoxins are 
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alpha-, beta- and gamma- amanitins (Ennecker-Jans et al., 2007).  Amatoxin specifically 

inhibits the DNA-dependent RNA polymerase II of mammalian cells.  Consequently, the 

transcription of proteins and biosynthesis processes of the affected cells are compromised.  

Inhibition of transcription in a cell stops its growth and proliferation.  Dissociation of 

amanitin from enzyme is a very slow process and makes recovery of affected cells unlikely.  

Prolonged exposure to the poison results in programmed cell death (apoptosis) (Chen et al., 

1993a; Magdalan et al., 2011). 

Practically, Amatoxin poisoning is treated as a medical emergency upon presentation.  The 

process of poisoning consists of three definable phases: (1) the incubation phase in which 

the patient shows no symptoms for up to 6 hours; (2) the intestinal phase with symptoms of 

acute gastroenteritis with severe diarrhea, nausea, vomiting, abdominal pain and 

dehydration, and (3) the apparent improvement phase which includes signs of recovery and 

lasts up to 24 hours.  Coma and even death after Phase 3 are possible consequences, if the 

poisoning event is not managed promptly (Flanagan and Jones, 2004; Magdalan et al., 

2011; Piqueras, 1989; Thiel et al., 2011).  Currently, there is no known antidote available 

for the treatment of amatoxin poisoning (Poucheret et al., 2010).  Therapeutic management 

of amatoxin poisoning requires immediate decontamination (Flanagan and Jones, 2004; 

Pertile et al., 1990), early and vigorous fluid replacement (Piqueras, 1989), forced dieresis, 

intravenous chemotherapy with benzyl-penicillin, silibinin and thioacetic acid (Flanagan 

and Jones, 2004; Floersheim et al., 1990; Hruby et al., 1983; Vetter, 1998) and 

hemodialysis (Cowgill and Francey, 2011).   

As mentioned previously, the use of passive immunotherapy has resulted in conflicting 

outcomes.  Regardless, polyclonal antibodies from serum showed a positive neutralizing 

effect.  In this study, polyclonal antibodies from milk were trailled as a neutralizing agent 

against the poisonous effects of amatoxin.  The choice of milk over serum was based on 

several factors.  Firstly, antibodies in lacteal secretions have been shown to prevent 

microbes from attaching to the mammary epithelia, neutralize viruses and toxins, and 

augment phagocytosis by provoking specific leukocytes (Marnila et al., 2011).  Unlike 

serum, milk contains fat which adsorb to the lipophilic parts of a poison molecule.  In doing 

so, it prevents the poison being absorbed by the digestive system.  Milk is also a more 

convenient source of antibodies.  Although, antibody levels in serum are higher, this study 

will show that milk contains effective doses of antibodies for the purpose of neutralizing 
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poisons.  In contrast to blood as a source; antibodies from milk can be routinely harvested 

within the operations of a commercial dairy.  No specific infrastructure; such as restraints 

for blood collection, are required.  The practice of collecting milk, instead of blood, is also 

more humane.  Finally, milk administered orally is more palatable than blood. 

To assess the concept, a lactating ewe was immunized with amatoxin antigens.  The 

polyclonal antibody level in the milk collected was quantified.  The milk containing 

antibodies were used in a poison neutralization study involved Balb/c mice.  Statistical 

analysis was performed to test the significance of the results. 

 

 

7.2 MATERIALS AND METHODS 

7.2.1 Preparation of the amatoxin vaccine 

The conjugate alpha -amanitin-albumin was prepared.  Specifically, alpha-amanitin (Sigma, 

St Louis, MO, USA) was dissolved in 10.0% Phosphate Buffered Saline (PBS) (Sigma, St 

Louis, MO, USA) to a final concentration of 1.0mg alpha-amanitin per 1.0ml PBS.  The 

solution was mixed with 0.5ml dimethylformamide (Sigma, St Louis, MO, USA).  Then, 

0.5ml of 3.3µmol solid N-hydroxysuccinimide (Sigma, St Louis, MO, USA) was added to 

the solution.  The mixture was allowed to react for 12 hours at room temperature.  The 

resultant crystallized dicyclohexylurea was separated by centrifugation at 5,000rpm for 3 

minutes.  Subsequently, 5.0ml dry diethylether (Sigma-Aldrich, St Louis, MO, USA) was 

added to precipitate the alpha-amanitin-N-hydroxysuccinimide ester.  The mixture was 

centrifuged at 10,000rpm for 10 minutes and the pellet was collected.  The pellet was 

dissolved in 2.2ml of 1.0mg Bovine Serum Albumin (BSA) (Sigma, St Louis, MO, USA), 

and poured into a 12kDa dialysis sack (Sigma, St Louis, MO, USA) and suspended in 1.0ml 

of 10.0% PBS (Sigma, St Louis, MO, USA).  The mixture was gently shaken overnight on a 

rocker at 4oC.  The buffer was changed daily.  The dialysis process continued daily and for 3 

days using 10.0% PBS at 4oC.  The final concentration of the prepared conjugate was 

2.5mg/ml.  For later use, the conjugate was stored in aliquots at 4oC.   
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The vaccine cocktail used for the first inoculation was 0.5ml of the prepared conjugate that 

was thoroughly emulsified in 0.5ml Freund’s Complete Adjuvant (Sigma, St Louis, MO, 

USA).  The cocktail for the subsequent two boosters was 0.5ml of the prepared conjugate 

emulsified in 0.5ml Freund’s Incomplete Adjuvant (Sigma, St Louis, MO, USA). 

7.2.2 Immunization of sheep  

A two-year-old lactating Merino ewe was housed with her lamb at the Large Animal 

Facility at the University of Western Australia.  The sheep were given free access to water 

and feed.  The animals were kept on a 12 hour light cycle.  The animals were allowed to 

acclimatize to the new environment for one week prior to the immunization regime.  

Immunization against amatoxin was performed by injecting the vaccine preparation on Day 

0 followed by two boosts on Days 15 and 29.  The injections were administered 

intramuscularly (im) into the left hind quadriceps.  The animals were monitored twice a 

day. 

7.2.3 Collection of milk samples 

Fifty millilitres of milk sample were collected from the ewe on Day 0 prior to the animal 

receiving the first inoculation.  Samples were also collected on Days 8, 22 and 36.  The 

samples collected on Day 0 were used as a control for the experiment (control milk 

containing no anti-amatoxin).  Samples collected later were considered test milk which 

contained amatoxin antibodies.  After each collection, the samples were centrifuged at 

10,000rpm for 10 minutes.  The centrifugation step was required to remove the fat layer.  

Fat interferes with the antibody quantification process.  Reduced fat milk was also easily be 

fed to mice.  The processed milk was stored at -20oC in labelled aliquots prior to laboratory 

analysis and used in the amatoxin neutralization studies. 

7.2.4 Quantification of the antibody levels 

An Indirect Enzyme-linked Immunosorbent Assay (ELISA) was used to measure the levels 

of antibodies against amatoxin in the milk samples collected from sheep host.  Each well in 

a 96-well microtitre plate (Bio-Rad, Hercules, CA, USA) was coated with 100.0µl of a 

solution comprising of 20.0µg alpha-amanitin per 1.0ml dissolved in 0.1M coating buffer 

(3.03g Na2CO3 and 6.0g NaHCO3 in 1.0L distilled water at pH 9.6).  The plate was 

incubated overnight at 4oC.  On the following day, the plate was washed twice with 
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washing solution (0.05% Tween 20 in 10.0% PBS).  The plate was blocked with blocking 

solution (5.3g Na2CO3, 4.2g NaHCO3 and 1.0% bovine serum albumin in 1.0L distilled 

water at pH 9.6).  The plate was subsequently covered and allowed to incubate overnight at 

4oC.  The plate was then washed twice with washing solution.  Milk samples were diluted 

to 1/100 in the blocking solution.  The samples were added to the plate in duplicates 

(50.0µl/well).  The plate was covered and incubated overnight at 4oC.  At the end of the 

incubation period, the plate was washed twice with the washing solution. 

Conjugated secondary antibodies (anti-sheep IgG-Peroxidase antibody produced in donkey) 

(Sigma, St Louis, MO, USA) were added to the plate (50.0µl/well).  After incubation for 2 

hours at room temperature, the plate was washed twice.  Fifty microlitres of the substrate 3, 

3’, 5, 5’-tetramethylbenzidine (Sigma-Aldrich, St Louis, MO, USA) was added to each well 

of the plate.  The plate was incubated in a dark place for 30 minutes at room temperature.  

After incubation, 50.0µl of a stop solution (2.0M HCl) was added to each well.  The 

absorbance was read at 450nm using the Plate Reader 200/2.0 (Bio-Rad, Hercules, CA, 

USA).   

7.2.5 Amatoxin neutralization experiments using Balb/c mice 

Thirty nine adult female Balb/c mice (Animal Resources Centre, Perth, WA, Australia) 

were allowed a week to acclimatize to the laboratory environment in which the work was 

carried out.  They were given free access to water and feed.  The animals were kept on a 12 

hour light cycle.  The mice were divided into 5 groups: Groups 1 and 2 (study groups), 

Group 3 (control group) and Groups 4 and 5 (placebo groups).  Specific details of each 

group are summarized in Table 7.1.  The animals in Group 1 were fed an oral gavage of 

amatoxin amounting to 2x LD50 (0.8mg alpha-amanitin/kg body weight).  Upon developing 

signs of poisoning, the animals received an oral gavage of 0.2ml milk containing amatoxin 

antibodies.  The animals in Group 2 received half the quantity of amatoxin; 1x LD50, and 

received the same amount of milk containing amatoxin antibodies following the 

development of symptoms of poisoning.  The animals in Group 3 were fed 1x LD50 of the 

amatoxin dose and subsequently treated with control milk.  The animals in Group 4 were 

given 0.1ml sterile saline followed by 0.2ml milk containing amatoxin antibodies. Animals 

of this group showed discomfort signs (inward suction of the abdominal walls, eye 

squinting and reduced social activity) for less than five minutes, but then returned to normal 
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behavior.  Normal behavior exhibited by the mice are typical of a social animal and 

included inquesitive nature, wide open shiny eyes, round abdominal walls, balanced gaits 

and singular.  The animals in Group 5 were gavaged 0.1ml sterile normal saline followed 

by control milk.  These animals displayed normal behavior throughout the entire 

experiment.  Each systematically numbered mouse was monitored throughout the 

experiment by Dr Shreen Nusair, a qualified veterinarian and the Senior Animal Technician 

at the University of Western Australia's preclinical animal facility; Ms Kylie Goldstone.  

The time it took each mouse to show symptoms (depression and anorexia followed by 

hyperactivity with tail bitting, short rapid breath and tremors at late stage) of poisoning 

were recorded.  The animals received milk with (Groups 1 and 2) or without (Group 3) 

amatoxin antibodies.  The time it took the animals to return to their normal behavior was 

also recorded.   
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Table 7.1 The amatoxin neutralization experiments involved five groups of adult female Balb/c mice.  Animals in the study groups were 

poisoned then fed milk containing amatoxin antibodies.  Control animals received control milk following the poisoning dose.  

The placebo groups were used to assess any confounding factor caused by milk. 

 

Group number Group type Description 

1 Study 
Eight mice were orally poisoned with 2x LD50 (0.8mg alpha-amanitin per kg body weight) followed 

by an oral administration of 0.2ml milk containing amatoxin antibodies. 

2 Study 
Eight mice were orally poisoned with 1x LD50 amatoxin followed by an oral administration of 

0.2ml milk containing amatoxin antibodies. 

3 Control 
Eight mice were orally poisoned with 1x LD50 amatoxin followed by 0.2ml control milk (ie. no 

anti-amatoxin). 

4 Placebo 
Seven mice were orally given 0.1ml sterile normal saline followed by 0.2ml milk containing 

amatoxin antibodies. 

5 Placebo Eight mice were orally given 0.1ml sterile normal saline followed by 0.2ml control milk. 
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7.2.6 Data analysis 

The statistical package Analysis of Variance (ANOVA) single factor (SPSS Inc, Chicago, 

IL, USA) was used to analyze the results and calculate the sum, the average and the 

variance for the study and the control groups.  The test also calculated Sum of Squares, 

Degree of freedom, Mean of Squares, F-ratio, P-value and F-critical to compare between 

the groups and within the groups.  For statistical comparisons, the value p < 0.05 was 

considered significant.  All statistical analysis was conducted by the Statistical Consulting 

Group at the University of Western Australia. 

 

 

7.3 RESULTS 

Milk collected from the lactating ewe that was immunized was processed to reduce its fat 

content.  Figure 7.1 shows the ELISA reading of the milk samples showing the progressive 

increase in anti-amatoxin levels.  The readings were measured at 450nm using an indirect 

ELISA.  Samples were collected on Days 0, 8, 22 and 36.  The reading on Day 0 was 0.039 

following immunization there was a sharp rise which reached a plateau around 2.  The 

absorbance values of 2.005, 1.526 and 2.133, respectively indicated that the antibody levels 

in the milk surged after the first vaccine administration and was maintained after the second 

booster injection. 
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Figure 7.1 The ELISA readings of milk samples from a lactating ewe which was immunized against amatoxin.  The animals received 

three doses of the vaccine on Days 0, 15 and 29.  The milk samples collected on Days 0, 8, 22 and 36 were diluted 1/100 and 

analyzed by indirect ELISA at 450nm.  The samples used as a control were collected on Day 0 (Abs = 0.039) before 

immunization.  The absorbance values of 2.005, 1.526 and 2.133, respectively show an active pool of plasma cells producing 

antibodies.   
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The milk containing anti-amatoxin was used in an amatoxin neutralization trial using mice.  

After poisoning the mice with an oral gavage of amatoxin dose equivalent to LD50 (0.8mg 

alpha-amanitin/kg body weight), the animals displayed typical signs of early amatoxin 

poisoning.  The animals were depressed, appeared anorexic, and then became hyperactive 

showing tail biting.  Many had tail injuries from bites afflicted by their pen mates and some 

exhibited tremors at later stage of toxicity.  Figure 7.2(A) shows a couple of mice that were 

depressed and anorexic after ingesting amatoxin.  Figure 7.2(B) shows a group of poisoned 

mice with a violent tendency and tail biting behavior, which appeared after the period of 

depression.  Some poisoned animals started self mutilation with tail injuries evident and 

blood stains on the inner walls of the cage Figure 7.2(C).  One hour after amatoxin 

ingestion, tail biting was evident in six mice in Group 1; two mice in Group 2 and three 

mice in Group 3.  Moreover, five mice in Group 3 ended with tremors approximately > 2 

hours after amatoxin ingestion (Table 7.2).  A summary of the neutralization study in mice 

including the designs of the groups, the administered doses of the amatoxins, the milk 

therapy regimes, and the end results of each group with detailed descriptions of the specific 

signs displayed by the mice within the five groups are illustrated in Figure 7.4. 
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Figure 7.2 Effect of amatoxin poisoning.  (A) A couple of mice; depressed and anorexic after oral administration of 0.8mg alpha-

amanitin per kilogram body weight.  (B) A group of poisoned mice showing signs of hyperactivity expressed by tail biting.  

(C) A poisoned mouse displayed tail injury with some blood on its tail and the inner wall of the cage. 

  

A C B 
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Once a sufficient amount of antibody enriched milk was collected; a mouse model was used 

in a neutralizing assay.  Table 7.2 lists the elapsed times each mouse in Groups 1, 2 and 3 

started to show signs of poisoning after oral gavaging of amatoxin and the elapsed times the 

symptoms subsided upon receiving milk treatment.  The mice in Group 1 displayed signs of 

poisoning earlier (mean of 88.57 minutes) than the mice of Groups 2 and 3 (means of 

170.30 and 168.31 minutes, respectively).  The animals in Group 1 recovered and returned 

to normal behavior on an average of 120.16 minutes after receiving anti-amatoxin milk.  In 

contrast, there was a significant difference in recovery time following treatment with 

individuals of Group 2 taking an average of 71.15 minutes to return to normal status (p = 

6.12 x 10-16) (Table 7.3B).  Although, three mice stopped tail biting, animals of Group 3 

that received milk without anti-amatoxin never returned to normal status.  After 5 hours (> 

312.38 minutes); the animals continued to exhibit all the classical signs of poisoning.  Their 

conditions worsened as many in the test groups developed tremors 2 hours after ingesting 

amatoxin.  According to standing protocols outlined by UWA's ethics committee, the 

animals were humanely euthanized and the experiment was concluded.  Figure 7.3 provides 

a graphical illustration of the periods of abnormality that were indicative of poisoning and 

recovery times when animals returned to normal behavior. 
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Table 7.2 The time elapsed post amatoxin poisoning for Groups 1, 2 and 3, followed by the time elapsed post milk administration.  The 

Mean + Standard deviation are presented for each group.  The outcomes of each group are listed for comparisons. 

a Depressed and anorexic, b Displayed tail biting, c Developed tremors. 

  

Group Study Control 
Group 1 Group 2 Group 3 

Mouse 
number 

Post  
poisoning a 

(min) 

Post  
immuno 
therapy 
(min) 

Total 
Elapsed 

Time 
(min) 

Post   
poisoning  

(min) 

Post 
immuno 
therapy 
(min) 

Total 
Elapsed 

Time 
(min) 

Post  
poisoning 

(min) 

Post   
control 
milk   
(min) 

Total 
Elapsed 

Time 
(min) 

1 85.25 b 125.12 210.37 165.13 b 61.34 226.47 163.08 > 123.59 c > 163.08 
2 90.30 b 121.16 211.46 175.19 71.30 236.40 164.14 > 149.24 c > 164.14 
3 82.31 115.27 197.58 165.10 b 73.52 249.11 163.30 > 140.15 c > 303.45 
4 91.11 b 115.55 207.06 166.22 71.22 237.44 170.12 b > 150.54 > 170.12 
5 85.23 124.29 209.52 171.56 72.13 244.09 176.11 b > 150.09 c > 176.11 
6 101.05 b 121.58 223.03 171.33 74.07 245.40 168.07 b > 150.03 c > 168.07 
7 90.18 b 118.07 208.25 168.17 72.16 240.33 176.15 > 150.21 > 176.15 
8 83.20 b 117.09 200.29 176.54 73.50 250.04 165.53 > 147.19 > 313.12 
M 88.57 120.16 208.34 170.30 71.15 241.06 168.31 > 144.07 > 312.38 

+ SD + 6.07 + 4.22 + 10.29 + 4.45 + 4.10 + 8.56 + 5.38 +> 5.37 +> 10.36 
Toxic dose 
received 

2x LD50 (0.8mg alpha-amanitin/kg body 
weight) 

1x LD50 (0.8mg  alpha-amanitin /kg body 
weight) 

1x LD50 (0.8mg  alpha-amanitin /kg body 
weight) 

Outcome 6 mice with tail biting recovered 2 mice with tail biting recovered 3 mice stopped tail biting  
and 5 mice developed tremors 
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Time 
(min) 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 

Group 1  

Group 2 

Group 3 

Group 4 

Group 5 

              Normal behavior: inquesitive nature, shiny eyes, round abdominal walls, balanced gaits and postures, regular grooming and good appetite. 

               Poisoning symptoms: depression, anorexia followed by hyperactivety with tail bitting, short rapid breath and tremors at a late stage. 

               Discomfort signs: inward suction of the abdominal walls, eye squinting and reduced activity. 

Figure 7.3 The time in minutes elapsed post administration of amatoxin LD50 and post milk therapy of the five groups of adult female 

Balb/c mice. Group 1 (had 2x LD50 amatoxin then immune milk), Group 2 (had 1x LD50 amatoxin then immune milk), Group 

3 (had 1x LD50 amatoxin then non immune milk), Group 4 (Placebo) and Group 5 (control).  In the neutralization experiment, 

there were three periods of symptoms: normal period, poisoning period and discomfort period.  Animals in all groups 

recovered except animals of Group 3.  Mice of Group 4 had some minor discomfort period after ingesting anti-amatoxin milk.  

All mice were euthanized at the end of the experiment. 
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Figure 7.4 A summary of the amatoxin neutralization experiments in 39 adult female Balb/c mice including the outcome from the five 

groups.  

Immunization with amatoxin antigen 

Pre-immunization milk from Day 0 

Animals fed milk 
upon distress 

Post immunization milk from Day 36 

Group 1 (n=8) orally 
gavaged 2x LD50 

amatoxin (0.8mg alpha-
amanitin per kg body 

weight). 

All distressed mice 
recovered, including 

6 with tail biting 
behavior. 

Group 2 (n=8) 
gavaged 1x LD50 

amatoxin. 

All distressed mice 
recovered, including 

2 with tail biting 
behavior. 

All mice recovered 
post 5 minutes of 

discomfort. 

Group 5 (n=8) 
gavaged 0.1ml sterile 

saline. 

All mice were 
normal throughout 

the experiment. 

Three mice stopped 
tail biting and 5 mice 
developed tremors. 

Group 4 (n=7) 
gavaged 0.1ml sterile 

saline. 

Group 3 (n=8) 
gavaged 1x LD50 

amatoxin. 

Control 
milk 

Anti-amatoxin 
milk Animals fed milk 

upon distress 
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Table 7.3 (A) The ANOVA single factor conducted on Balb/c mice (n=8) of Groups 1, 2 and 3 of from the amatoxin neutralization 

experiments show the sum, the average and the variance for each group.  (B) The test on animals of Groups 1, 2 and 3 

compared between the groups and within the groups variables by calculating the sum of squares, the degree of freedom, the 

mean of squares, the F-ratio, the P-value and the F-critical. 

(A) 

Groups Count of animals Sum Average Variance 

Group 1 8 958.13 119.77 14.63 

Group 2 8 569.24 71.16 16.84 

Group 3 8 1161.04 145.13 87.66 

(B) 

Source of 
Variation 

Sum of Squares 
(SS) 

Degree of 
freedom (df) 

Mean of 
Squares (MS) F-ratio P-value F-critical 

Between Groups 22609.80 2 11304.90 284.69 6.12 x 10-16 3.47 

Within Groups 833.90 21 39.71 NA٭ NA NA 

Total 23443.69 23 NA NA NA NA 

 NA: not applicable٭
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7.4 DISCUSSION 

The aim of this study was to assess the use of hyperimmune milk as an antidote for the 

treatment of poisoning episodes produced by A. phalloides.  Of specific interest, is 

amatoxin, a cyclic peptide that inhibits the mammalian RNA polymerase; which leads to 

neuronal apoptosis.  The end result of the poison effect is manifested by nervous 

disturbances such as depression followed by hyperactivity, tail biting and tremors that 

started at advanced stages of poisoning.  Milk enriched with anti-amatoxin was produced in 

a lactating Merino sheep.  Seven days after the host received its first amatoxin vaccine , the 

level of antibodies in the milk collected on Days 8, 22 and 36 were higher when compared 

to control milk collected on Day 0 (Figure 7.1).  The surge in Day 8 was consistent with the 

primary response of the immune system of the sheep to the injected vaccine.  The immune 

system reacted in response to the antigen encountered at the first vaccination by producing 

plasma B-cells, which produced immunoglobulin G (IgG).  These immunoglobulins 

accounts for some 80% of ovine’s serum immunoglobulins (Watson, 1992).  Any change in 

the level of antibodies in blood corresponds with changes in the level of antibodies in milk.  

The antibodies produced in the blood pass through the membranes of the mammary glands 

to the milk  (Telemo and Hanson, 1996).  To maintain a high level of antibodies, two 

secondary vaccinations were administered to the ewe on Days 15 and 29.  Booster 

injections are essential for maintaining high level of antibodies in a host animal 

(Newcombe and Newcombe, 2007).  The antibodies level in the milk decreased slightly 

after the second vaccine injection, probably because memory T-cells instead of plasma B-

cells were the primary source of antibody production (Akita and Li-Chan, 1998; Kende et 

al., 2001; Oho et al., 1999).  The half life of antibodies in adult sheep is about 12 to 17 

days, consequently the third vaccination was given to maintain a high level of antibodies in 

the milk (Watson, 1992).  In general, after any boost injection, memory T-cells are the 

sources of antibody production.  These cells are responsible for maintaining prolonged 

production of antibodies (Casarett et al., 2001; Watson, 1992).  As shown in Figure 7.1, the 

antibody levels had stabilized and samples were collected to assess the potential of using 

antibody enriched milk for treatment of amatoxin poisoning. 

The milk enriched with antibodies against amatoxin collected on Day 36 was used in an 

amatoxin neutralization study using adult female Balb/c mice.  Twenty four mice divided 

equally into three groups.  Group 2 and 3 were given a 1x LD50 amatoxin (0.8mg alpha-



 

127 
 

amanitin per kg body weight) and 8 mice of Group 1 were given 2x LD50 amatoxin.  

Specific details of the study and design of the groups are provided in Table 7.1.  These 

mice showed all the classical signs of amatoxin poisoning.  The poisoned animals were 

depressed, and then became hyperactive and exhibited tail biting (Figure 7.2). Mice at a late 

stage of poisoning developed tremors and suffered short rapid breath.  The responses and 

signs displayed by each mouse from the poisoned groups are listed in Table 7.2.  In the 

neutralization study, the early effect of the poison was manifested by tail biting (Figure 

7.2C).  Six mice in Group 1 practiced tail biting and even targeted their pen mates.  Two 

mice in Group 2 were tail biting; and 3 showed the same cannibalistic behavior in Group 3.  

Group 1 animals developed the symptoms faster than their count parts in Groups 2 and 3; 

roughly, in half the time.  This can be explained by the dose effect of amatoxin, Group 1 

received double the dose given to Groups 2 and 3 (Table 7.2).   

In addition, the dose effect of the poison affected the recovery of mice with tail biting 

behavior in the three groups.  Tail biting in Groups 2 and 3 stopped around half the time 

required for Group 1 to stop that behavior.  The recovery of the mice with tail biting 

behavior was independent of the type of milk used for treatment.  Although Group 3 

received control milk, they stopped tail biting at almost the same time required by animals 

of Group 2 (fed anti-amatoxin milk) to stop biting.  This was explained by the 

metabolization of the amatoxin’s molecules 70 minutes after exposure to the poison.  

In contrast to Group 3, no mice developed tremors in Groups 1 and 2.  Although animals in 

these groups received two different doses of amatoxin, the mice never developed tremors.  

This was explained by the possible binding of the antibodies in milk to the molecules of the 

poison in the gut.  This binding formed toxin-antibody complexes.  These complexes are 

larger than the unbound molecules of the poison.  The formation of the complexes 

prevented further absorption of the poison to the blood.  Consequently, it prevented further 

action on the nervous system and prevented tremors.  

The amatoxin dose also affected the recovery time post administration of milk containing 

amatoxin antibodies to mice.  Group 1 animals recovered in twice the time of Group 2, 

presumably a result of receiving twice the dose.  Both groups of animals that received milk 

containing anti-amatoxin recovered.  Signs of distress subsided and the animals of both 

groups returned to their normal social behavior.  There was a dose effect (see Table 7.2), 
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with a greater time elapsed to recovery in Group 1 than that receiving the double dose of 

amatoxin.  Somewhat unexpectedly, the mice in Group 3 which were treated with the 

control milk containing no specific anti-amatoxin did not recover at all.  In fact, the 

conditions worsened with five mice developing tremors approximately 2 hours after 

ingesting the poison.  To alleviate the suffering of the animals, the individuals in Group 3 

were euthanized.  The milk they ingested had no antibodies against amatoxin to prevent 

tremors.  It was expected that milk could afford some neutralization, through the adsorption 

properties of lipids.  However, the results indicated that the specific agglutination property 

of IgG is also required to bind antigens and presumable prevent absorption by the gut 

epithelia.  The specific effects of anti-amatoxin were clear in groups who received milk 

containing amatoxin antibodies.  The anti-amatoxin milk was successfully used to prevent 

further development of the poisoning course in the mice of Groups 1 and 2 (see Table 7.2). 

Some discomfort was observed in mice of Group 4 (inward suction of the abdominal walls, 

eye squinting and reduced activity).  This may be due to the unpleasant taste of the milk 

containing the amatoxin antibodies.  Further, sheep’s milk is not a common element in a 

rodent’s diet.  The signs dissipated within 5 minutes which indicated that the milk had no 

serious effect on mice (Figure 7.3).  Animals from Group 5 (placebo) had control milk and 

were normal throughout the period of the trial.  Apparently, the control milk had no 

negative effect on the mice.  The periods of discomfort, poisoning and recovery of each 

group are graphically illustrated in Figure 7.3 for easier comparison between the groups.  

Figure 7.4 shows a graphical illustration of the amatoxin neutralization study and the end 

results for the five groups of mice.  

The positive results obtained with specific heterologous milk antibodies raised specifically 

against the toxin has provided a proof-of-concept that polyclonal antibodies are useful tools 

for treatment of accidental poisoning episodes.  Nevertheless, further investigation is 

required, including human trials, to demonstrate the safety of anti-amatoxin enriched milk.  

Purification and characterization of antibodies against amatoxin are needed before 

conducting future human trials.  It is difficult to assess the effectiveness of polyclonal 

antibodies for neutralizing higher doses of the toxin and more in vitro trials are required.  

Also, testing the effectiveness of anti-amatoxin milk for treating late stages of mushroom 

poisoning such as after the onset of tremors is recommended. 
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CHAPTER EIGHT 

 

PRODUCTION OF POLYCLONAL ANTIBODIES IN MILK 

FOR PROTECTION AGAINST DELTAMETHRIN 

POISONING 

 

In this chapter deltamethrin is the toxin of interests.  It is the main compound in 

one of the widely used organic insecticide, pyrethroid.  It is probably ingested with 

daily diet.  The chapter describes the work conducted to produce ant-deltamethrin 

milk in sheep.  The immune milk then was used to treat poisoned mice.  Recovery 

time of study groups was compared to control groups.  The chapter is a 

publication: Nusair S and Tay G (2011), Production of Polyclonal Antibodies in 

Milk for Protection against Deltamethrin Poisoning. The Internet Journal of 

Laboratory Medicine, 4(2) ISSN: 1937-8181. 
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SECTION THREE 

 

Conclusions and Future Directions 

 

This section summarizes the findings and outcomes of this study 
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CHAPTER NINE 

 

CONCLUSIONS AND FUTURE DIRECTIONS 

 

This chapter highlights a number of conclusions of the previous presented studies in 

section two.  Some future recommendations are also suggested for future related 

research 
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9.1 CONCLUSIONS 

The incidence of accidental poisoning is on the increase as a result of the myriad of 

compounds encountered in our daily lives.  There are a few, if any, effective antidotes 

against that counteract most common toxins.  Antidotes include natural compounds (e.g. 

insulin) and synthetic compounds (e.g. activated charcoal).  The available therapeutic 

procedures are generally supportive and symptomatic.  The supportive procedures are only 

support the body with nutrients and fluids (e.g. intravenous drip).  Some medications can 

stop specific symptoms (e.g. diazepam for convulsions).  Nevertheless, the available 

therapies cannot prevent death, especially in serious poisoning cases (e.g. acute exposure to 

cyanide). 

The development of strategies like immunotherapy to neutralize toxicity needs to be 

explored.  Antibody preparations have been used for over the past century for the treatment 

of a variety of medical emergencies.  For example, Digoxin Immune Fab has been used for 

treating digoxin poisoning and Antivenin for treating snake envenomations.  Antibodies are 

natural proteins that specifically bind to foreign materials in the body.  The sizes of foreign 

materials range from relatively small molecules, such as drugs, to larger ones, such as 

bacteria and other multi-cellular bodies.  In nature, the ability of antibodies to bind different 

foreign materials is important to defend the body against hazardous materials, and 

infectious agents such as bacteria and viruses.  Antibodies are produced in response to 

natural exposure.  These proteins are also the principal of prophylactic protection by active 

vaccination.  Inactivated or attenuated organisms are intentionally administered to induce 

the body's natural process to produce antibodies.  Antibodies are not only artificially 

induced to provide protection; vaccination is commonly used to generate reagents for a 

series of immunoassays for applications in biomedical and forensic science.  

The use of antibodies in forensics is discussed in Chapter 1.  The chapter summarizes the 

range of serological assays that are applicable to various aspects of forensic science.  The 

chapter also discusses the ever increasing threat of bioterrorism.  Serology plays an 

important role in the detection and characterization of pathogens used in weapons.  The US 

military is working towards antibodies for the neutralizing the agents of these weapons, 

highlighting the possibility of passive immunotherapy for neutralizing infections. 
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As mentioned above, the neutralizing properties of antibodies have been used against a 

whole host of compounds.  Chapter 1 is part of a section that included a review highlighting 

the serious consequences of exposure to common toxins followed by a review highlighted 

the lack of available effective therapies for poisoning.  As many of the poisonous 

compounds discussed in Section 1 were relatively common, this study described in this 

thesis was conceived to explore possible applications of antibody-based therapies. 

There are examples in nature of the passive recuperative potential of antibodies.  Ruminants 

produce antibodies in colostrum to protect their newborn immediately after birth.  One of 

the various species of hoofed animals was selected for the work described in this thesis.  

Host animals were immunized to produce antibodies in blood.  The host was capable of 

transferring their antibodies in both forms of lateral secretions, colostrum and milk.  Milk 

was chosen in the work presented herewith for a number of factors.  Collecting milk is less 

invasive to the lactating host animals than collecting blood.  The host animals are able to 

produce large quantities of milk over a period of time compared to one or two discrete 

blood collections.  In contrast to blood products, antibodies in milk are immediately ready 

to neutralize their specific antigens with no further processing or purification.  When milk 

containing antibodies is given immediately to patients after ingesting a toxin, the antibodies 

bind the target antigens of ingested toxins.  The binding causes the formation of antibody-

antigen complexes.  These relatively large complexes prevent their transfer from the gut to 

the bloodstream and subsequently to the target organs.  Fatty molecules in milk act as 

demulcents that line the inner surface of the gut.  Consequently, the lining reduces the 

absorption of toxic molecules.  The fatty molecules can also bind molecules of lipophilic 

toxins and further reduce their absorption to blood.  Using sheep as a host animal is suitable 

for future applications of this immunotherapy in poor and developing countries.  Sheep and 

goats are the predominant animal populations in these countries.  Also, small ruminants are 

easy to handle which makes milk collection easy.   

Using different species for the production of milk antibodies would be based on the 

contribution of each species in the Dairy production in different countries.  According to 

Food and Agriculture Organization of the United Nations, 2013, cows produce 83 percent 

of world milk production, followed by buffaloes with 13 percent, goats with 2 percent and 

sheep with 1 percent; camels provide 0.3 percent.  The remaining share is produced by 
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other dairy species such as equines and yaks.  About one-third of milk production in 

developing countries comes from buffaloes, goats, camels and sheep.  In developed 

countries, almost all milk is produced by cattle.  Cattle produce about three-quarters of milk 

production in sub-Saharan Africa, about half in Asia, with most of the other half coming 

from buffaloes, and nearly all the milk produced in Latin America.  Milk from dairy species 

other than cattle represents 39 percent of milk production in Asia, 24 percent in Africa, 

3 percent in Europe and 0.4 percent in the Americas; it is almost non-existent in Oceania. 

Colostrum offers a practical alternative source of therapeutic antibodies.  According to 

Stelwagen et al., 2009, the concentration of immunoglobulins in colostrum is particularly 

high, with IgG being the major immunoglobulin class present in ruminant milk.  On the 

other hand, milk is more convenient for longer periods of antibody production.  Ruminants 

produce colostrum for the first 48 hours after calving and produce milk two months 

afterwards.  Production declines steadily afterwards, until, at about 305 days after calving.  

Antibody production in milk can be maintained by regular vaccination every 2-3 weeks 

interval during the lactation period post calving.  In the long run, safety studies are required 

to investigate whether inoculated animals can be kept exclusively for antibody production 

or utilized for breeding and meat production. 

Milk can be stored effectively by a number of preservation methods that have prolonged the 

shelf-life of milk up to years.  These methods are pasteurization, sterilization and 

dehydration.  The pasteurization process is done by heating milk at 63°C for 30 minutes or 

at 72°C for 16 seconds.  The treatment kills any microorganisms that are in the fluid but 

does not alter the taste, appearance, or nutritive value of the fluid.   To keep milk for longer 

than few days at ambient temperature, it needs to be sterilized. The traditional process 

involves heating milk in a sealed container in the temperature range 114-120 °C for 20-30 

minutes.  More recently Ultra-High-Temperature (UHT) processes have been introduced. 

These are continuous sterilization processes and involve temperatures in excess of 135 °C 

for times of greater than 1second, followed by aseptic packaging.  One of the main 

purposes of heat treatment is to reduce the microbial population in raw milk.  Also, when 

milk is heated enzymes are inactivated, chemical reactions take place and there are changes 

in physical properties.  Some important ones are a decrease in pH, precipitation of calcium 

phosphate, denaturation of whey proteins.  Dehydration process for milk preservation is 

removal of water from milk to a <5% level.  This can be done either through the use of 
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elevated temperature, the circulation of hot air current through the milk, subjecting the milk 

to high vacuum distillation, or various combinations of these processes.  In this process, 

milk takes on a solid form, microorganisms are unable to reproduce at such low water 

content and shelf-life of the milk is extended.  The net weight and volume of the milk is 

reduced.  Moreover, the cost of milk transportation and milk storing is reduced.  However 

fat in the milk powder oxidizes during storage, with consequent deterioration in flavor.  

Refrigeration and freezing of milk for storage purposes neither decreases the content of live 

bacteria nor denatures milk protein.  Thus the decision whether to refrigerate or freeze milk 

for storage or transportation seems to be mainly a practical question.  

In general, the effects of pasteurization, lyophilization, and freezing on immunoglobulin in 

milk were studied.  In a study conducted by Liebhaber et al., 1977, pasteurization and 

lyophilization caused a significant decrease in immunoglobulin concentration and in 

specific antibody titer to Escherichia coli.  Freezing specimens up to four weeks resulted in 

no significant alteration of IgA content or in E. coli antibody titer.  Since a major advantage 

of immune milk is the transference of passive immunity, these quantitative changes may 

have clinical importance and require further investigation.  On the other hand, 

Immunoglobulin preparations designed for farm animals are commercially available, and 

some colostrum-based products are marketed also for humans as dietary supplements.  The 

concentration of specific antibodies against a certain antigens can be raised in colostrum 

and milk by immunizing milk producing animals with pathogens or antigens.  Advances in 

antibody purification, bioseparation and chromatographic techniques have made it possible 

to fractionate and enrich these antibodies and formulate so-called hyperimmune colostral or 

milk preparations. 

The immunization protocols in Section 2 of this thesis were used to induce the production 

of antibodies in sheep’s milk against cocaine, amatoxin and deltamethrin.  The injections 

provoked the immune system of the host ewes to produce polyclonal antibodies against the 

toxins of interest.  The production of polyclonal antibodies is less expensive and less time 

consuming than producing monoclonal antibodies.  The production of monoclonal 

antibodies is a multistep process which requires immortalization of cell lines, clone 

selection, and sophisticated bioreactors for large scale production.  On the other hand, 

polyclonal antibodies production simply involves an immunization process.  Although, 
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polyclonal antibodies are less specific in their antigen binding properties, they offer a 

specific advantage.  Since polyclonal antibodies can cross react with different epitopes on 

the surfaces of specific antigens, the antibodies have provided multiple targets, hence 

improving the avidity of a polyclonal cocktail.  For example, polyclonal antibodies against 

specific venom have been used to neutralize different members of a specific venom group. 

The antibodies produced against the three target toxins were characterized using four 

different immunoassays.  Chapter 5 describes the assays that were used to characterize the 

antibodies produced in milk: (1) indirect Enzyme Linked Immunosorbent Assay (ELISA), 

(2) Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE), (3) a 

passive hemagglutination and (4) an Ouchterlony assay.  The ELISA absorbance values at 

450nm of anti-cocaine milk, anti-amatoxin milk and anti-deltamethrin milk on Day 36 were 

2.177, 2.133 and 0.411, respectively.  In contrast, the values of the control milk on Day 0 

were 0.037, 0.039 and 0.131, respectively.  The increase in the absorbance values suggested 

successful induction of the immune response against the three substances and corresponded 

with the rise of antibodies titers.  The SDS-PAGE protein profile of the immune milk 

samples differed from the three immunization protocols showed protein bands of heavy and 

light chains of Immunoglobulin G (IgG) and Immunoglobulin A (IgA).  The bands of a 

molecular size of 60kDa indicated the presence of the heavy chains.  The bands of 25kDa 

indicated the presence of light chains.  Although traces of these bands were present in the 

non-immune milk, their relative amounts was lower and just discernible on the gel.  The 

hemagglutination assay showed agglutination of Red Blood Cells (RBCs) at the bottom of 

the wells which contained immune serum and immune milk samples from the three 

protocols. The agglutination indicated the presence of specific antibodies against the three 

toxins in the respective milk samples.  In contrast, negative results appeared as dispersed 

RBCs in wells containing respective control samples.  Negative results also appeared in the 

wells that contained samples with antibodies raised against antigens other than the antigens 

adsorbed to RBCs such as anti-cocaine milk added to RBCs adsorbed to amatoxin antigen.  

The immunodiffusion gels revealed precipitin lines that formed between the wells of the 

antigens and the wells which contained immune milk and immune serum samples from the 

respective immunization experiment.  No precipitin lines appeared between the wells 

containing antigens and the wells containing control milk or control serum.  The four 
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assays indicated a general increase in the level of specific antibodies in milk and serum 

after immunization against the antigens of interest. 

Once the specificity of antibodies was demonstrated, toxin neutralization experiments were 

conducted.  In Chapter 6, the milk containing anti-cocaine was used in a mouse study to 

examine the neutralizing effects of the specific polyclonal antibodies that was specifically 

produced against cocaine.  A test group of 8 adult Balb/c mice were fed 1x LD50 cocaine 

(90mg cocaine-HCl per kg of body weight).  Within an average of 19.38 minutes of 

administering the drug, the animals started to arch their backs, showing signs of distress 

and isolation behavior.  Two of the 8 mice started to convulse.  All 8 animals received milk 

containing anti-cocaine soon as distress was noted.  After an elapsed time of 20.21 minutes 

upon receiving antibody treatment, the demeanor of the animals returned to the original 

state.  In contrast, a separate group of 8 overdosed animals was treated with milk without 

specific cocaine antibodies.  Every animal in this control group continued to show signs of 

overdose 65.40 minutes after receiving their milk feed.  The experiment protocol required 

that the animals be relieved of suffering before they started showing signs of recovery.  

Despite not achieving an end point for the control group, the difference between the 

recovery time of the test group and the time the control experiment was terminated was 

significant (p = 4.95 x 10-25 using an ANOVA single factor test).  A third group of mice 

received a dose of cocaine that was 2x LD50.  Signs of distress appeared earlier (9.55 

minutes) and more mice (5 of 8) developed convulsions.  Animals in this group were fed 

milk containing anti-cocaine.  Despite receiving twice the dose, the animals returned to 

their normal state, with recovery times that were approximately twice as long (43.00 

minutes) compared to the 1x LD50 group (20.21 minutes). 

In Chapter 7, specific antibodies in milk were raised by immunizing a lactating Merino ewe 

with alpha-amanitin as the antigen of amatoxin.  Milk samples were collected prior to the 

primary injection on Day 0 and subsequently on Days 8, 22 and 36.  As mentioned, the 

presence of specific antibodies in the milk samples was confirmed by an indirect ELISA 

using the antigen alpha-amanitin to coat a 96-well microtitre plate.  As with the cocaine 

experiment, the milk containing amatoxin antibodies was used to treat 2 study groups of 8 

adult female Balb/c mice that were intentionally poisoned with doses equivalent to 1x and 

2x LD50 amatoxin (0.8mg alpha-amanitin per kg body weight).  Following the development 
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of signs of poisoning, each animal was treated with milk containing the specific amatoxin 

antibodies.  The individual time elapsed for each mouse to recover from poisoning was 

recorded and compared to a group of 8 mice that were treated with control milk, containing 

no anti-amatoxin.  The mean recovery time following administration of the antibody 

enriched milk (71.15 minutes for 1x LD50) was reduced in contrast to animals receiving 

control milk (144.07 minutes).  The response time it took for the specific milk antibodies to 

neutralize the poison was less when compared to the response time of the group fed control 

milk (p = 6.12 x 10-16).  Passive immunotherapy using milk to deliver specific antibodies is 

potentially a feasible method to treat accidental ingestions of poisonous mushrooms.   

Following primary immunization in Chapter 8, there was a 2.3-fold increase in anti-

deltamethrin antibodies in the milk of sheep No. 2 (0.43 µg/ml relative to 0.19 µg/ml) at 

1/1,000 dilution and a 4.3-fold increase in the milk of sheep No. 1 (0.39 µg/ml relative to 

0.09 µg/ml) at the same dilution.  As for the previous two toxins, three groups of mice were 

studied.  The average time for Group 1 mice (n=8) to respond to 2x LD50 delatmethrin 

(20mg of deltamethrin per kg body weight) and to display toxicity symptoms was 6.06 

minutes, while that for Group 2 (n=8) that had 1x LD50 deltamethrin was 14.68 minutes.  

Group 2 and the control group (n=8) took almost double the average time needed by Group 

1 to respond to the oral 1x LD50 deltamethrin and to show somnolence.  The average time 

for Group 1 to respond to immunotherapy was 61.14 minutes, while for Group 2 was 19.55 

minutes; almost one third of Group 1.  The control (Group 3) had the longest average time 

to respond to milk therapy (if at all); it was more than 93.57 minutes.  The control mice 

displayed advanced symptoms of toxicity, twitching and tremors.  Continuous visual 

observations revealed obvious overdose symptoms which were somnolence (general 

depressed activity), eye squinting, flat posture, twitching and tremors.  Twitching and 

tremors were absent in Group 1and 2 during all the experiments (Table 3).  They only 

displayed in the control group even after oral administration of control milk.  This indicated 

that milk alone failed to overcome the deltamethrin overdose.  The control group had the 

longest average time to show response after the control milk administration.  This was due 

to absence of anti-deltamethrin.  As a result, these mice failed to return to normal behavior.  

Milk enriched with antibodies had a slight effect on placebo mice of Group 4.  Mice of this 

group displayed flat abdominal walls and ceased inquisitive behavior for less than 5 

minutes upon receiving immune milk.  The signs were due to the unpleasant taste of the 
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immune milk.  Similar signs were exhibited by placebo mice of experiments described in 

Chapters 6 and 7.  Immune milk from ewes immunized against cocaine, amatoxin and 

deltamethrin caused mice of Group 4 of all experiments to experience around five minutes 

of discomfort (inward suction of the abdominal walls and eye squinting).  This may be due 

to the unpleasant taste of the milk.  There is a possibility that the discomfort was also due to 

the presence of anti-idotypic antibodies.  These antibodies are directed against the variable 

region of antibodies in or close to the binding site (idiotope).  Anti-idotypic antibodies can 

mimic the structure of the original antigen and are considered to be part of a network 

controlling antibody production.  They have been studied as alternatives to cocaine for 

generating therapeutic antibodies (e.g. the study performed by Schabacker et al, 2000). 

According to World Health Organization, 2013, Unintentional poisonings kill an estimated 

355, 000 people globally each year.  In developing countries, where two thirds of these 

deaths occur, such poisonings are associated mainly with excessive exposure to, and 

inappropriate use of, toxic chemicals.  In many such settings, toxic chemicals may be 

emitted directly into soil, air, and water, from industrial processes, pulp and paper plants, 

tanning operations, mining, and unsustainable forms of agriculture, at levels or rates in 

excess of those tolerable to human health.   

The immune milk that was produced for neutralizing cocaine, amatoxin and deltamethrin 

enhanced the animals’ ability to return to their original healthy state, after ingesting doses 

of the poison.  The immune milk had no adverse effect on mice of the placebo groups.  The 

results are encouraging especially for using the immune milk as an early intervention in 

cases of poisoning by the substances of interest.  However, further investigation is required 

to investigate the efficacy of milk for treatment of poisoning episodes of other substances.  

Milk is a GRAS (generally regarded as safe) food and is safe for human consumption.  

Nevertheless, intolerance to milk components will continue to cause problems and should 

be observed when using this form of therapy.  Studies are required to assess the dose effect 

of the suggested immunotherapy.  The studies presented used immune milk for treating 

early stages of poisoning and the animals were fed the milk upon showing distress.  Thus, 

future studies are recommended to test the effectiveness of antibodies in treating advanced 

cases of toxicity and in neutralizing higher doses of toxins.   
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9.2 FUTURE DIRECTIONS 

The sheep as a host to produce antibodies in milk is practical in developing countries due to 

the fact that small ruminants (i.e. sheep and goats) comprise the largest population of 

domesticated ruminants in many of these countries.  Presumably goats can be used as an 

alternative to sheep to produce immune milk.  Large ruminants such as cows and camels 

can also be used to produce antibodies in milk.  Although numbers of these larger 

ruminants are fewer in developing countries compared to the smaller ruminants, a single 

large ruminant can produce larger quantities of milk than a small ruminant.  Further, in 

some of these countries, there are significant numbers of these larger animals.  India, 

Pakistan and China have significant populations of cattle.  The work described in this thesis 

demonstrated the concept that milk enriched with antibodies can be used for neutralizing 

toxins.  However, the process was not optimized.  Factors such as the manipulation of 

vaccine injections and schedules could have been manipulated to improve antibody 

production in the milk of the host animals.  Immunizing animals before, during and after 

pregnancy may enhance the production of antibodies in lateral secretions.  The unique 

physiology of animals in the postpartum period could provoke higher levels of antibodies in 

colostrum and milk.  Extending the period of animals acclimatization 2-3 weeks before 

starting the experiment are recommended for future studies.  As the half life of antibodies is 

12-18 days, the acclimatization period may allow metabolism of antibodies that might have 

been excreted in milk due to previous exposure to various agents (e.g. drugs and 

insecticides).Considering the neutralization studies that were conducted towards this thesis, 

additional tests could have provided better indications and more solid findings.  For 

example, by measuring the levels of poisons or their metabolites in the blood of mice 

before and after immune milk administration; the dose of antibody required may be 

optimized.  The level of the liver enzymes in circulation is a good indicator in the particular 

case of amatoxin poisoning.  These tests provide an indication of advanced stages of 

toxicity.  Over prolonged exposure, the poison causes damage to hepatic cells causing the 

release of its enzymes.  Tissue samples for identification of pathological changes due to 

chronic or advanced cases of poisoning are recommended, in case of future studies.  Future 

neutralization experiments can focus on advanced poisoning episodes and use death as an 

end point.  Large numbers of animals and by comparing death percentages in study groups 
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compared with control groups could provide a better indication of the effectiveness of 

delivering immunotherapy in milk.   

Within the time provided, antibodies in milk were characterized and milk was used as the 

medium for delivery.  The antibodies from milk could be purified and characterized further.  

Antibodies can be readily separated from other milk proteins by affinity chromatography.  

This method separates antibodies on the basis of their specificity to immobilized antigens 

within the chromatography column.  The antigens are immobilized in a column through 

which the solution containing antibodies elute.  The antibodies bind specifically to the 

immobilized antigens.  An elution buffer washes the antibodies out the column to be 

collected and stored in aliquots.  Although crude antibody preparation provides useful 

information, purified antibodies provide better material to determine the affinity, avidity 

and specificity of an antibody for an antigen.  According to Hurley and Theil, 2011, the 

primary immunoglobulin in ruminant’s milk is IgG and in human milk is IgA, this work 

utilized IgG as a control for antibody titer measurements.  On the other hand, there was a 

possibility that some of the antibodies in the collected samples may have been IgA and thus 

missed.  Future studies are recommended to perform a standard titration of sheep IgA as a 

control.   

Western blot technique can be used to detect the antibodies of interest in the collected milk 

and serum samples. The proteins composing the antibodies are separated according to their 

length and then transferred to a membrane composed of Polyvinylidene Difluoride (PVDF) 

or Nitrocellulose.  Each protein may then be detected with antibodies that are specific to the 

protein. The membrane is exposed to an antibody that can detect the protein of interest. 

This antibody must be specific to the protein of interest, and it must have some detectable 

label that can produce some observable change in the protein sample. The antibodies are 

incubated, causing them to bind to the protein of interest, and the unbound antibodies are 

then washed away.  The proteins may then be detected through a variety of means such as 

radioactivity, colorimetric changes or chemical luminescence. Since the antibodies do not 

always bind to the proteins completely, the amount of antibodies bound to the proteins still 

must be carefully analyzed in order to identify the proteins of interest. 

Further studies are required to determine the dose effect of immunotherapy.  For example, 

the assessment of the effectiveness of immune milk for treating advanced episodes of 
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poisoning such as the treatment of patients who are undergoing respiratory failure in the 

advanced stages of cocaine overdose.  In order to assess the safety of using immune milk 

for humans, trials involving humans are required.  Human trials could be preceded by the 

use of specific cell cultures to simulate and test the effects of such therapeutic tool at the 

cellular level on specific tissue.  The results achieved in the work that has been presented 

suggest the possibility of using immune milk as an early intervention after accidental 

ingestion of poisons.  Immune milk can be administered to an affected individual while 

being transported to a hospital.  The studies presented also open a door for future 

applications of such therapeutic tool for neutralizing other poisoning substances such as 

chemical weapons (e.g. phosgene and chlorine).  The strategy could save lives daily as well 

as in specific scenarios such for neutralizing poisons in war zones.  Immunotherapy is also 

cost effective and with milk has real opportunities for under developed communities. 

Future studies are recommended to investigate the optimum dose of immune milk against 

different types of toxicity.  Studies are required to determine the dose of immune milk for 

early and advanced stages of toxicity of different toxins.  Testing the effectiveness of 

immune milk therapy against different routes of toxicity is also recommended.  Other 

chemical-related structures can be used as a potential source of toxicity.  These substances 

are members in the groups of the toxins of interest.  For example, morphine can replace 

cocaine in the experiment; pyrethrin can be used instead of deltamethrin and β-amanitin 

instead of α-amanitin.  Substances of the same group have similar biological and chemical 

action.  Further experiments are recommended to study such substances.  

 


