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Terminology 

Chemical bonding 
A chemical bond is an attraction between two atoms that causes them to combine, which can 
create molecules. The two types of bonding that the current version of the Potions and Poisons 
rules says to know are ionic and covalent bonding. 

Electronegativity 

 
An electronegativity table 
 
Electronegativity is a property of elements that is defined as the tendency of an atom to attract 
electrons. The difference between two atoms' electronegativities decides the type of bond they 
make. A chart known as an electronegativity chart can be used to find the electronegativities of 
different elements 

 



 

Ionic Bonding 
Ionic bonding is a type of bonding in which one atom takes an electron from another atom. This 
type of bonding occurs when the difference in electronegativity is high. A common example of 
this is the compound NaCl, or table salt. The metal Na (sodium) bonds with the halogen gas Cl 
(chlorine). 
To name a simple ionic compound, use the name of the regular metal, followed by the name of 
the nonmetal, with the latter using the ending "-ide". For example, NaCl would be written as 
sodium chloride. 

Covalent Bonding 
Covalent bonding is a type of bonding in which atoms 'share' electrons. This occurs when there 
is a low difference in electronegativity. Two very common examples are the molecules H 2 ; and 
O 2 ;. Because the bonds are formed between two atoms of the same element, the difference in 
their electronegativities must be zero. 
Covalent bonds can be nonpolar or polar. In polar covalent bonds, the atoms have different 
electronegativities, and therefore share electrons unequally. The more electronegative atom has 
a partial negative charge, while the less electronegative atom has a partial positive charge. 
These are denoted with the δ symbol (Greek lowercase delta), using δ- for partial negative 
charge and δ+ for partial positive charge. 

Chemical Equations 
Chemical reactions are written out as chemical equations. A chemical equation has two parts: 
reactants and products. The atoms in the reactants are rearranged to form the products. 
Chemical equations are written left-to-right with the products following the reactants, and an 
arrow sign (which is read as "yields") pointing from the reactants to the products. Each 
individual reactant/molecule is represented with a plus sign (+). The following equation is an 
example of a chemical equation, with the reactants on the left and the product on the right. 
 
2H 2 +O 2 →2H 2 O 
 
If there are multiple instances of a molecule, the number of molecules is written as a coefficient. 
For example, the product in the above equation is water, or H₂O. There are two water molecules 
present, which is written as 2H₂O. 

Balancing Chemical Equations 
In a chemical reaction, the quantity of each element cannot change (If there are n atoms of 
element A in the reactants, there must be n atoms in the product). A chemical equation must 
have equal quantities of each element on either side of the arrow. As mentioned above, adding 
coefficients to molecules can show that there are those many molecules present. However, if an 

 



 

equation is given without coefficients, chances are that there is an inequality on either side. 
Consider the example given above; however this time it is without coefficients: 
 
H 2 +O 2 →H 2 O 
 
If you count the number of each element on either side of the equation, you will get the 
following: 

● Hydrogen on left: 2 
● Oxygen on left: 2 
● Hydrogen on right: 2 
● Oxygen on right: 1 

 
This cannot be a balanced equation, because the number of atoms is unequal. To fix this issue, 
it is necessary to balance the chemical equation. 
To balance a chemical equation, add coefficients to make the number of atoms of each element 
equal. For example, take again the previous equation: 
 
H 2 +O 2 →H 2 O 
 
Notice that there is only one type of molecule as the product, meaning that it is the only 
molecule that a coefficient can be added to. A basic way to find the proper coefficient is to find a 
ratio between the two elements on one side and apply that to the other side. In this example, 
there are two times as many hydrogens as oxygens. In addition, all coefficients must be whole 
numbers. Therefore, the lowest coefficients would be a two in front of the hydrogen gas (on the 
left) and a two in front of the water. This gives us a balanced equation of: 
 
2H 2 +O 2 →2H 2 O 

Dilution 
Dilution is simply the addition of a solvent without adding any solute. This is shown in the 
equation: 
 
C 1 ×V 1 =C 2 ×V 2 
 
where 

● C 1  = the initial concentration of the solute 
● V 1  = the initial volume of the solution 
● C 2  = the final concentration of the solute 
● V 2  = the final volume of the solution 

 



 

For example, if a solution has a 10% concentration of salt in one liter of water, adding another 
liter of water would halve the concentration of the salt, to 5%. This example can be shown 
mathematically using the above equation, where: 

● C 1  = 10% 
● V 1  = 1 L 
● C 2  = 5% 
● V 2  = 2 L 

10%×1L=5%×2L 

0.1×1L=0.05×2L 

0.1L=0.1L 

Mean Lethal Dose (LD 50 ) 
In  toxicology , the median lethal dose, LD 50  (abbreviation for " lethal dose , 50%"), LC 50  (lethal 
concentration, 50%) or LCt 50  is a measure of the  lethal dose  of a  toxin ,  radiation , or  pathogen . 
The value of LD 50  for a substance is the  dose  required to kill half the members of a tested 
population after a specified test duration. LD 50  figures are frequently used as a general indicator 
of a substance's  acute toxicity . A lower LD 50  is indicative of increased toxicity. 
The test was created by J.W. Trevan in 1927. The term semilethal dose is occasionally used 
with the same meaning, in particular in translations from non-English-language texts, but can 
also refer to a sublethal dose; because of this ambiguity, it is usually avoided. LD 50  is usually 
determined by tests on animals such as  laboratory mice . In 2011, the U.S.  Food and Drug 
Administration  approved alternative methods to LD 50  for testing the cosmetic drug  Botox  without 
animal tests.  

NOAEL (NOEL) 
In non-clinical assessment NOAEL (no-observed-adverse-effect level) plays a pivotal role. It is 
determined or proposed by qualified personnel (pharmacologist, toxicologist) depending on the 
study, drug indications and its pharmacological therapeutics side/adverse effects. NOAEL could 
be defined as "the highest experimental point that is without adverse effect". It either does not 
provide the effects of drug with respect to duration and dose, or it does not address the 
interpretation of risk based on toxicologically relevant effects. The no-observed-adverse-effect 
level (NOAEL) denotes the level of exposure of an  organism , found by  experiment  or 
observation , at which there is no biologically or statistically  significant  (e.g. alteration of 
morphology , functional capacity,  growth , development or life span) increase in the frequency or 
severity of any adverse effects in the exposed population when compared to its appropriate 
control.  
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In  toxicology  it is specifically the highest tested dose or concentration of a substance (i.e. a drug 
or chemical) or agent (e.g. radiation), at which no such adverse effect is found in exposed test 
organisms where higher doses or concentrations resulted in an adverse effect.  

This level may be used in the process of establishing a  dose-response relationship ,   a 
fundamental step in most  risk assessment  methodologies.  

In drug development, NOAEL of a new drug is assessed in laboratory animals drugs prior to 
initiation of clinical trials to establish a safe clinical starting dose in human trials. 
The  United States Environmental Protection Agency  defines NOAEL as 'an exposure level at 
which there are no statistically or biologically significant increases in the frequency or severity of 
adverse effects between the exposed population and its appropriate control; some effects may 
be produced at this level, but they are not considered as adverse, or as precursors to adverse 
effects.   In an experiment with several NOAELs, the regulatory focus is primarily on the highest 
one, leading to the common usage of the term NOAEL as the highest exposure without adverse 
effects.'  
 
NOEL is NOAEL except without specifying the effects as adverse (no-observed-effect level). 

Ammonia 
Ammonia or azane is a compound 
of nitrogen and hydrogen with the 
formula NH 3 . The simplest 
pnictogen hydride, ammonia is a 
colourless gas with a characteristic 
pungent smell. 
 
Although common in nature and in wide use, ammonia is both caustic and hazardous in its 
concentrated form. It is classified as an extremely hazardous substance in the United States as 
defined in Section 302 of the U.S. Emergency Planning and Community Right-to-Know Act (42 
U.S.C. 11002), and is subject to strict reporting requirements by facilities which produce, store, 
or use it in significant quantities. 

Chemical Properties 
Ammonia is a colourless  gas  with a characteristic pungent smell. It is  lighter than air , its density 
being 0.589 times that of  air . It is easily liquefied due to the strong  hydrogen bonding  between 
molecules; the  liquid  boils at −33.3 °C (−27.94 °F), and freezes at −77.7 °C (−107.86 °F) to 
white crystals.  

Ammonia may be conveniently deodorized by reacting it with either sodium bicarbonate or 
acetic acid . Both of these reactions form an odourless ammonium salt. 
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Solid 
The crystal symmetry is cubic,  Pearson symbol  cP16,  space group  P2 1 3 No.198, lattice 
constant 0.5125  nm . 

Liquid 
Liquid  ammonia possesses strong  ionising  powers reflecting its high  ε  of 22. Liquid ammonia 
has a very high  standard enthalpy change of vaporization  (23.35  kJ /mol, cf.  water  40.65 kJ/mol, 
methane 8.19 kJ/mol,  phosphine  14.6 kJ/mol) and can therefore be used in laboratories in 
uninsulated vessels without additional refrigeration. 

Solvent properties 
Ammonia is  miscible  with water. In an aqueous solution, it can be expelled by boiling. The 
aqueous  solution of ammonia is  basic . The maximum concentration of ammonia in water (a 
saturated  solution) has a  density  of 0.880 g/cm 3 and is often known as '.880 ammonia'. Ammonia 
does not burn readily or sustain  combustion , except under narrow fuel-to-air mixtures of 
15–25% air. 

Combustion 
When mixed with  oxygen , it burns with a pale yellowish-green flame. At high temperature and in 
the presence of a suitable catalyst, ammonia is decomposed into its constituent elements. 
Ignition occurs when  chlorine  is passed into ammonia, forming nitrogen and  hydrogen chloride ; 
if chlorine is present in excess, then the highly explosive  nitrogen trichloride  (NCl 3 ) is also 
formed. 

Structure 
The ammonia molecule has a  trigonal pyramidal  shape as predicted by the  valence shell 
electron pair repulsion theory  (VSEPR theory) with an experimentally determined bond angle of 
106.7°.   The central nitrogen atom has five outer electrons with an additional electron from each 
hydrogen atom. This gives a total of eight electrons, or four electron pairs that are arranged 
tetrahedrally. Three of these electron pairs are used as bond pairs, which leaves one lone pair 
of electrons. The lone pair of electrons repel more strongly than bond pairs, therefore the bond 
angle is not 109.5°, as expected for a regular tetrahedral arrangement, but 106.7°.   The nitrogen 
atom in the molecule has a  lone electron pair , which makes ammonia a  base , a proton acceptor. 
This shape gives the molecule a  dipole  moment and makes it  polar . The molecule's polarity and, 
especially, its ability to form  hydrogen bonds , makes ammonia highly miscible with water. 
Ammonia is moderately basic, a 1.0 M aqueous solution has a pH of 11.6 and if a strong acid is 
added to such a solution until the solution is neutral (pH = 7), 99.4% of the ammonia molecules 
are  protonated . Temperature and  salinity  also affect the proportion of NH 4 

+ . The latter has the 
shape of a regular  tetrahedron  and is  isoelectronic  with  methane . 
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The ammonia molecule readily undergoes  nitrogen inversion  at room temperature; a useful 
analogy is an  umbrella  turning itself inside out in a strong wind. The energy barrier to this 
inversion is 24.7 kJ/mol, and the  resonance frequency  is 23.79  GHz , corresponding to 
microwave  radiation of a  wavelength  of 1.260 cm. The absorption at this frequency was the first 
microwave spectrum  to be observed. 

Amphotericity 
One of the most characteristic properties of ammonia is its  basicity . Ammonia is considered to 
be a weak base. It combines with  acids  to form  salts ; thus with  hydrochloric acid  it forms 
ammonium chloride  (sal ammoniac); with  nitric acid ,  ammonium nitrate , etc. Perfectly dry 
ammonia will not combine with perfectly dry  hydrogen chloride ; moisture is necessary to bring 
about the reaction.   As a demonstration experiment, opened bottles of concentrated ammonia 
and hydrochloric acid produce clouds of ammonium chloride, which seem to appear "out of 
nothing" as the salt forms where the two diffusing clouds of molecules meet, somewhere 
between the two bottles. 
NH 3  + HCl → NH 4 Cl 
The salts produced by the action of ammonia on acids are known as the  ammonium salts  and 
all contain the  ammonium ion  (NH 4 

+ ).  

Although ammonia is well known as a weak base, it can also act as an extremely weak acid. It 
is a protic substance and is capable of formation of amides (which contain the NH 2 

−  ion). For 
example,  lithium  dissolves in liquid ammonia to give a solution of  lithium amide : 
2Li + 2NH 3  → 2LiNH 2  + H 2 

Self-dissociation 
Like water, ammonia undergoes  molecular autoionisation  to form its  acid and base conjugates : 
2 NH 3  (aq) ⇌ NH + 

4  (aq) + NH − 
2  (aq) 

Ammonia often functions as a  weak base , so it has some  buffering  ability. Shifts in pH will cause 
more or fewer  ammonium  cations (NH + 

4 ) and amide anions (NH − 
2 ) to be present in  solution . At 

standard pressure and temperature, K = [NH + 
4 ][NH − 

2 ] = 10 −30  (K is the equilibrium constant) 

Combustion 
The combustion of ammonia to nitrogen and water is  exothermic : 
4 NH 3  + 3 O 2  → 2 N 2  + 6 H 2 O (g)  ΔH° r  = −1267.20 kJ/mol (or −316.8 kJ/mol if expressed per mol 
of NH 3 ) 
The  standard enthalpy change of combustion , ΔH° c , expressed per  mole  of ammonia and with 
condensation of the water formed, is −382.81 kJ/mol. Dinitrogen is the thermodynamic product 
of combustion: all  nitrogen oxides  are unstable with respect to N 2  and O 2 , which is the principle 
behind the  catalytic converter . Nitrogen oxides can be formed as kinetic products in the 
presence of appropriate catalysts, a reaction of great industrial importance in the production of 
nitric acid : 
4 NH 3  + 5 O 2  → 4 NO + 6 H 2 O 
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A subsequent reaction leads to NO 2 : 
2 NO + O 2  → 2 NO 2 

The combustion of ammonia in air is very difficult in the absence of a catalyst (such as  platinum 
gauze or warm  chromium(III) oxide ), because the temperature of the flame is usually lower than 
the ignition temperature of the ammonia–air mixture. The flammable range of ammonia in air is 
16–25%. 

Household Use 
Household ammonia is a solution of NH 3  in water (i.e., ammonium hydroxide) used as a general 
purpose cleaner for many surfaces. Because ammonia results in a relatively streak-free shine, 
one of its most common uses is to clean glass, porcelain and stainless steel. It is also frequently 
used for cleaning ovens and soaking items to loosen baked-on grime. Household ammonia 
ranges in concentration by weight from 5 to 10% ammonia. 

Toxicity 
The U. S. Occupational Safety and Health Administration (OSHA) has set a 15-minute exposure 
limit for gaseous ammonia of 35 ppm by volume in the environmental air and an 8-hour 
exposure limit of 25 ppm by volume. NIOSH recently reduced the IDLH from 500 to 300 based 
on recent more conservative interpretations of original research in 1943. IDLH (Immediately 
Dangerous to Life and Health) is the level to which a healthy worker can be exposed for 30 
minutes without suffering irreversible health effects. Other organizations have varying exposure 
levels. U.S. Navy Standards [U.S. Bureau of Ships 1962] maximum allowable concentrations 
(MACs): continuous exposure (60 days): 25 ppm / 1 hour: 400 ppm   Ammonia vapour has a 
sharp, irritating, pungent odour that acts as a warning of potentially dangerous exposure. The 
average odour threshold is 5 ppm, well below any danger or damage. Exposure to very high 
concentrations of gaseous ammonia can result in lung damage and death.   Although ammonia is 
regulated in the United States as a non-flammable gas, it still meets the definition of a material 
that is toxic by inhalation and requires a hazardous safety permit when transported in quantities 
greater than 13,248 L (3,500 gallons).   Household products containing ammonia (i.e.,  Windex ) 
should never be used in conjunction with products containing bleach, as the resulting chemical 
reaction produces highly toxic fumes. 
 
The toxicity of ammonia solutions does not usually cause problems for humans and other 
mammals, as a specific mechanism exists to prevent its build-up in the bloodstream. Ammonia 
is converted to carbamoyl phosphate by the enzyme carbamoyl phosphate synthetase, and then 
enters the urea cycle to be either incorporated into  amino acids  or excreted in the urine.  Fish 
and  amphibians  lack this mechanism, as they can usually eliminate ammonia from their bodies 
by direct excretion. Ammonia even at dilute concentrations is highly toxic to aquatic animals, 
and for this reason it is  classified  as dangerous for the environment. 
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Solutions of ammonia (5–10% by weight) are used as household cleaners, particularly for glass. 
These solutions are irritating to the eyes and  mucous membranes  (respiratory and digestive 
tracts), and to a lesser extent the skin. Caution should be used that the chemical is never mixed 
into any liquid containing bleach, as a poisonous gas may result. Mixing with  chlorine -containing 
products or strong oxidants, such as household  bleach , can lead to hazardous compounds such 
as  chloramines . 

Hydrogen Peroxide 
Hydrogen peroxide is a  chemical compound  with 
the formula H 2 O 2 . In its pure form, it is a 
colourless  liquid , slightly more  viscous  than  water . 
Hydrogen peroxide is the simplest  peroxide  (a 
compound with an oxygen–oxygen  single bond ). 
It is used as an  oxidizer ,  bleaching  agent and 
disinfectant . Concentrated hydrogen peroxide, or " high-test peroxide ", is a  reactive oxygen 
species  and has been used as a  propellant  in  rocketry . Its chemistry is dominated by the nature 
of its unstable  peroxide  bond. 
Hydrogen peroxide is unstable and slowly decomposes in the presence of base or a catalyst. 
Because of its instability, hydrogen peroxide is typically stored with a stabilizer in a weakly acidic 
solution. Hydrogen peroxide is found in biological systems including the human body. Enzymes 
that use or decompose hydrogen peroxide are classified as peroxidases. 
 

Properties 

Chemical 
formula 

H 2 O 2 Solubility soluble in  ether ,  alcohol 
insoluble in petroleum 
ether 

Molar mass 34.0147 g/mol Vapor pressure 5 mmHg (30 °C)  

Appearance Very light blue color; 
colorless in solution 

Acidity  (pK a ) 11.75 

Odor slightly sharp Magnetic susceptibility 
(χ) 

−17.7·10 −6  cm 3 /mol 

Density 1.11 g/cm 3  (20 °C, 30% 
(w/w) solution ) 

1.450 g/cm 3  (20 °C, 
pure) 

Refractive index (n D ) 1.4061 

Melting point −0.43 °C (31.23 °F; 
272.72 K) 

Viscosity 1.245 c P  (20 °C) 

 

https://en.wikipedia.org/wiki/Mucous_membrane
https://en.wikipedia.org/wiki/Chlorine
https://en.wikipedia.org/wiki/Bleach
https://en.wikipedia.org/wiki/Chloramine
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Properties_of_water
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Single_bond
https://en.wikipedia.org/wiki/Oxidizer
https://en.wikipedia.org/wiki/Bleach
https://en.wikipedia.org/wiki/Disinfectant
https://en.wikipedia.org/wiki/High-test_peroxide
https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Propellant
https://en.wikipedia.org/wiki/Rocket
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Solubility
https://en.wikipedia.org/wiki/Ether
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Molar_mass
https://en.wikipedia.org/wiki/Vapor_pressure
https://en.wikipedia.org/wiki/Hydrogen_peroxide#cite_note-PGCH-2
https://en.wikipedia.org/wiki/Acid_dissociation_constant
https://en.wikipedia.org/wiki/Odor
https://en.wikipedia.org/wiki/Magnetic_susceptibility
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Hydrogen_peroxide#cite_note-1
https://en.wikipedia.org/wiki/Refractive_index
https://en.wikipedia.org/wiki/Melting_point
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Poise


 

Boiling point 150.2 °C (302.4 °F; 
423.3 K) (decomposes) 

Dipole moment 2.26  D 

Solubility in 
water 

Miscible   

 

Properties 
 
The boiling point of H2O2 has been extrapolated as being 150.2 °C, approximately 50 °C higher 
than water. In practice hydrogen peroxide will undergo potentially explosive  thermal 
decomposition  if heated to this temperature. It may be safely distilled at lower temperatures 
under reduced pressure.  

Aqueous solutions 
In  aqueous solutions  hydrogen peroxide differs from the pure material due to the effects of 
hydrogen bonding  between water and hydrogen peroxide molecules. Hydrogen peroxide and 
water form a  eutectic  mixture, exhibiting  freezing-point depression ; pure water has a melting 
point of 0 °C and pure hydrogen peroxide of −0.43 °C. The boiling point of the same mixtures is 
also depressed in relation with the mean of both boiling points (125.1 °C). It occurs at 114 °C. 
This boiling point is 14 °C greater than that of pure water and 36.2 °C less than that of pure 
hydrogen peroxide.  

Structure 
Hydrogen peroxide (H2O2) is a nonplanar molecule with (twisted) C 2   symmetry . Although the 
O−O bond is a single bond, the molecule has a relatively high rotational barrier of 2460  cm −1 
(29.45  kJ / mol );   for comparison, the rotational barrier for  ethane  is 12.5 kJ/mol. The increased 
barrier is ascribed to repulsion between the  lone pairs  of the adjacent oxygen atoms and results 
in hydrogen peroxide displaying  atropisomerism . 
The molecular structures of gaseous and  crystalline  H2O2 are significantly different. This 
difference is attributed to the effects of hydrogen bonding, which is absent in the gaseous state. 

Crystals of H2O2 are  tetragonal  with the  space group  D44P4 1 2 1 .  

Comparison with analogues 
Hydrogen peroxide has several structural analogues with H m −X−X−H n  bonding arrangements 
( water  also shown for comparison). It has the highest (theoretical) boiling point of this series (X 
= O, N, S). Its melting point is also fairly high, being comparable to that of  hydrazine  and water, 
with only  hydroxylamine  crystallising significantly more readily, indicative of particularly strong 
hydrogen bonding.  Diphosphane  and  hydrogen disulfide  exhibit only weak hydrogen bonding 
and have little chemical similarity to hydrogen peroxide. All of these analogues are 
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thermodynamically unstable. Structurally, the analogues all adopt similar skewed structures, due 
to repulsion between adjacent  lone pairs . 

Uses 

Bleaching 
About 60% of the world's production of hydrogen peroxide is used for  pulp- and 
paper-bleaching .  

Detergents 
The second major industrial application is the manufacture of  sodium percarbonate  and  sodium 
perborate , which are used as mild bleaches in  laundry   detergents . Sodium percarbonate, which 
is an adduct of  sodium carbonate  and hydrogen peroxide, is the active ingredient in such 
products as  OxiClean  and  Tide laundry detergent . When dissolved in water, it releases 
hydrogen peroxide and sodium carbonate:  
 

2Na2CO3*3/2H2O2->2Na2CO3+3H2O2 

Production of organic compounds 
It is used in the production of various  organic peroxides  with  dibenzoyl peroxide  being a high 
volume example. It is used in  polymerisations , as a  flour bleaching agent and as a treatment for 
acne.  Peroxy acids , such as  peracetic acid  and  meta-chloroperoxybenzoic acid  are also 
produced using hydrogen peroxide. Hydrogen peroxide has been used for creating  organic 
peroxide -based explosives, such as  acetone peroxide . 

Disinfectant 

 
Skin shortly after exposure to 35% H2O2 

 

https://en.wikipedia.org/wiki/Lone_pair
https://en.wikipedia.org/wiki/Bleaching_of_wood_pulp
https://en.wikipedia.org/wiki/Bleaching_of_wood_pulp
https://en.wikipedia.org/wiki/Hydrogen_peroxide#cite_note-HageLienke-22
https://en.wikipedia.org/wiki/Sodium_percarbonate
https://en.wikipedia.org/wiki/Sodium_perborate
https://en.wikipedia.org/wiki/Sodium_perborate
https://en.wikipedia.org/wiki/Laundry
https://en.wikipedia.org/wiki/Detergent
https://en.wikipedia.org/wiki/Sodium_carbonate
https://en.wikipedia.org/wiki/OxiClean
https://en.wikipedia.org/wiki/Tide_(detergent)
https://en.wikipedia.org/wiki/Hydrogen_peroxide#cite_note-Jones-47
https://en.wikipedia.org/wiki/Hydrogen_peroxide#cite_note-Jones-47
https://en.wikipedia.org/wiki/Organic_peroxide
https://en.wikipedia.org/wiki/Dibenzoyl_peroxide
https://en.wikipedia.org/wiki/Radical_polymerization
https://en.wikipedia.org/wiki/Flour_bleaching_agent
https://en.wikipedia.org/wiki/Peroxy_acid
https://en.wikipedia.org/wiki/Peracetic_acid
https://en.wikipedia.org/wiki/Meta-chloroperoxybenzoic_acid
https://en.wikipedia.org/wiki/Organic_peroxide
https://en.wikipedia.org/wiki/Organic_peroxide
https://en.wikipedia.org/wiki/Acetone_peroxide


 

 
Hydrogen peroxide is used in certain waste-water treatment processes to remove organic 
impurities. In  advanced oxidation processing , the  Fenton reaction   gives highly reactive ·OH. 
These  hydroxyl radicals  degrade organic compounds, including those that are ordinarily robust, 
such as  aromatic  or  halogenated compounds .   It can also oxidize  sulfur  based compounds 
present in the waste; which is beneficial as it generally reduces their odour.  

Hydrogen peroxide can be used for the sterilization of various surfaces,   including surgical tools 

and may be deployed as a vapour ( VHP ) for room sterilization.   H 2 O 2  demonstrates 
broad-spectrum efficacy against viruses, bacteria, yeasts, and bacterial spores.   In general, 
greater activity is seen against  Gram-positive  than  Gram-negative  bacteria; however, the 
presence of  catalase  or other  peroxidases  in these organisms can increase tolerance in the 
presence of lower concentrations.   Higher concentrations of H 2 O 2  (10 to 30%) and longer contact 
times are required for sporicidal activity.  

Hydrogen peroxide is seen as an environmentally safe alternative to  chlorine -based bleaches, 
as it degrades to form oxygen and water and it is  generally recognized as safe  as an 
antimicrobial agent  by the U.S.  Food and Drug Administration  (FDA).  

Historically hydrogen peroxide was used for disinfecting wounds, partly because of its low cost 
and prompt availability compared to other  antiseptics . It is now thought to inhibit healing and to 
induce  scarring  because it destroys newly formed  skin cells .   Only a very low concentration of 
H 2 O 2  can induce healing, and only if not repeatedly applied.   Surgical use can lead to  gas 
embolism  formation.   Despite this it is still used for wound treatment in many developing 
countries.  

Dermal exposure to dilute solutions of hydrogen peroxide cause whitening or bleaching of the 
skin due to microembolism caused by oxygen bubbles in the capillaries.  

Cosmetic applications 
Diluted H2O2 (between 1.9% and 12%) mixed with  ammonium hydroxide  is used to bleach 
human  hair . The chemical's bleaching property lends its name to the phrase " peroxide blonde ". 

Hydrogen peroxide is also used for  tooth whitening . It can be found in most whitening 
toothpastes. Hydrogen peroxide has shown positive results involving teeth lightness and 
chroma shade parameters. It works by oxidizing colored pigments onto the  enamel  where the 
shade of the tooth can indeed become lighter. Hydrogen peroxide can be mixed with baking 
soda and salt to make a home-made toothpaste.  

Hydrogen peroxide may be used to treat  acne ,   although  benzoyl peroxide  is a more common 
treatment. 

Use in alternative medicine 
Practitioners of  alternative medicine  have advocated the use of hydrogen peroxide for various 
conditions, including  emphysema ,  influenza ,  AIDS  and  cancer ,   although there is no evidence of 
effectiveness and in some cases it may even be fatal. 

The practice calls for the daily consumption of hydrogen peroxide, either orally or by injection 
and is, in general, based around two precepts. First, that hydrogen peroxide is naturally 
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produced by the body to combat infection; and second, that human  pathogens  (including 
cancer: See  Warburg hypothesis ) are  anaerobic  and cannot survive in oxygen-rich 
environments. The ingestion or injection of hydrogen peroxide is therefore believed to kill 
disease by mimicking the immune response in addition to increasing levels of oxygen within the 
body. This makes it similar to other oxygen-based therapies, such as  ozone therapy  and 
hyperbaric oxygen therapy . 
Both the effectiveness and safety of hydrogen peroxide therapy is scientifically questionable. 
Hydrogen peroxide is produced by the immune system but in a carefully controlled manner. 
Cells called  phagocytes  engulf pathogens and then use hydrogen peroxide to destroy them. The 
peroxide is toxic to both the cell and the pathogen and so is kept within a special compartment, 
called a  phagosome . Free hydrogen peroxide will damage any tissue it encounters via  oxidative 
stress ; a process which also has been proposed as a cause of cancer.   Claims that hydrogen 
peroxide therapy increase cellular levels of oxygen have not been supported. The quantities 
administered would be expected to provide very little additional oxygen compared to that 
available from normal respiration. It should also be noted that it is difficult to raise the level of 
oxygen around cancer cells within a tumour, as the blood supply tends to be poor, a situation 
known as  tumor hypoxia . 
Large oral doses of hydrogen peroxide at a 3% concentration may cause irritation and blistering 
to the mouth, throat, and abdomen as well as abdominal pain, vomiting, and diarrhea. 

Intravenous injection  of hydrogen peroxide has been linked to several deaths.  

The  American Cancer Society  states that "there is no scientific evidence that hydrogen peroxide 
is a safe, effective or useful cancer treatment."   Furthermore, the therapy is not approved by the 
U.S. FDA. 

Propellant 
For more details on this topic, see  High-test peroxide . 

 
Rocket-belt hydrogen-peroxide propulsion system used in a  jet pack 
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High-concentration H2O2 is referred to as "high-test peroxide" (HTP). It can be used either as a 
monopropellant  (not mixed with fuel) or as the oxidizer component of a  bipropellant rocket . Use 
as a monopropellant takes advantage of the decomposition of 70–98% concentration hydrogen 
peroxide into steam and oxygen. The propellant is pumped into a reaction chamber, where a 
catalyst, usually a silver or platinum screen, triggers decomposition, producing steam at over 
600 °C (1,112 °F), which is expelled through a  nozzle , generating  thrust . H2O2 monopropellant 
produces a maximal  specific impulse  (I sp ) of 161 s (1.6  kN·s /kg). Peroxide was the first major 
monopropellant adopted for use in rocket applications.  Hydrazine  eventually replaced 
hydrogen-peroxide monopropellant thruster applications primarily because of a 25% increase in 
the vacuum specific impulse.   Hydrazine (toxic) and hydrogen peroxide (less-toxic [ACGIH TLV 
0.01 and 1 ppm respectively]) are the only two monopropellants (other than cold gases) to have 
been widely adopted and utilized for propulsion and power applications. The  Bell Rocket Belt , 
reaction-control systems for X-1, X-15, Centaur, Mercury, Little Joe, as well as the turbo-pump 
gas generators for X-1, X-15, Jupiter, Redstone and Viking used hydrogen peroxide as a 
monopropellant.  

As a bipropellant, H2O2 is decomposed to burn a fuel as an oxidizer. Specific impulses as high 
as 350 s (3.5 kN·s/kg) can be achieved, depending on the fuel. Peroxide used as an oxidizer 
gives a somewhat lower I sp  than liquid oxygen, but is dense, storable, noncryogenic and can be 
more easily used to drive gas turbines to give high pressures using an efficient closed cycle. It 
can also be used for regenerative cooling of rocket engines. Peroxide was used very 
successfully as an oxidizer in World War II German rocket motors (e.g.  T-Stoff , containing 
oxyquinoline stabilizer, for both the  Walter HWK 109-500  Starthilfe  RATO  externally podded 
monopropellant booster system, and for the  Walter HWK 109-509  rocket motor series used for 
the  Me 163 B), most often used with  C-Stoff  in a self-igniting  hypergolic  combination, and for the 
low-cost British  Black Knight  and  Black Arrow launchers. 
In the 1940s and 1950s, the  Hellmuth Walter KG -conceived  turbine  used hydrogen peroxide for 
use in  submarines  while submerged; it was found to be too noisy and require too much 
maintenance compared to  diesel-electric  power systems. Some  torpedoes  used hydrogen 
peroxide as oxidizer or propellant. Operator error in the use of hydrogen-peroxide torpedoes 
was named as possible causes for the sinkings of  HMS Sidon  and the  Russian submarine 
Kursk .   SAAB Underwater Systems is manufacturing the Torpedo 2000. This torpedo, used by 
the  Swedish Navy , is powered by a piston engine propelled by HTP as an oxidizer and 
kerosene  as a fuel in a bipropellant system.  
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Other uses 

 
Chemiluminescence  of  cyalume , as found in a glow stick 
 
Hydrogen peroxide has various domestic uses, primarily as a cleaning and disinfecting agent. 
 
Glow sticks 
Hydrogen peroxide reacts with certain di- esters , such as  phenyl oxalate ester  (cyalume), to 
produce  chemiluminescence ; this application is most commonly encountered in the form of  glow 
sticks . 
 
Horticulture 
Some horticulturalists and users of  hydroponics  advocate the use of weak hydrogen peroxide 
solution in watering solutions. Its spontaneous decomposition releases oxygen that enhances a 
plant's root development and helps to treat  root rot  (cellular root death due to lack of oxygen) 
and a variety of other pests.  
 

Fish aeration 
Laboratory tests conducted by fish culturists in recent years have demonstrated that common 
household hydrogen peroxide can be used safely to provide oxygen for small fish. The 
hydrogen peroxide releases oxygen by decomposition when it is exposed to catalysts such as 
manganese dioxide . 
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Safety 
Regulations vary, but low concentrations, such as 6%, are widely available and legal to buy for 
medical use. Most over-the-counter peroxide solutions are not suitable for ingestion. Higher 
concentrations may be considered hazardous and are typically accompanied by a  Material 
Safety Data Sheet  (MSDS). In high concentrations, hydrogen peroxide is an aggressive oxidizer 
and will corrode many materials, including human skin. In the presence of a  reducing agent , 
high concentrations of H2O2 will react violently. 
High-concentration hydrogen peroxide streams, typically above 40%, should be considered 
hazardous due to concentrated hydrogen peroxide's meeting the definition of a  DOT  oxidizer 
according to U.S. regulations, if released into the environment. The  EPA  Reportable Quantity 
(RQ) for D001 hazardous wastes is 100 pounds (45 kg), or approximately 10 US gallons (38 L), 
of concentrated hydrogen peroxide. 
Hydrogen peroxide should be stored in a cool, dry, well-ventilated area and away from any 
flammable or combustible substances. It should be stored in a container composed of 
non-reactive materials such as stainless steel or glass (other materials including some plastics 
and aluminium alloys may also be suitable).   Because it breaks down quickly when exposed to 
light, it should be stored in an opaque container, and pharmaceutical formulations typically come 
in brown bottles that block light.  

Hydrogen peroxide, either in pure or diluted form, can pose several risks, the main one being 
that it forms explosive mixtures upon contact with organic compounds.   Highly concentrated 
hydrogen peroxide itself is unstable and can cause a  boiling liquid expanding vapour explosion 
(BLEVE) of the remaining liquid.  Distillation  of hydrogen peroxide at normal pressures is thus 
highly dangerous. It is also corrosive, especially when concentrated, but even domestic-strength 
solutions can cause irritation to the eyes,  mucous membranes  and skin.   Swallowing hydrogen 
peroxide solutions is particularly dangerous, as decomposition in the stomach releases large 
quantities of gas (10 times the volume of a 3% solution), leading to internal bloating. Inhaling 
over 10% can cause severe pulmonary irritation.  

With a significant vapour pressure (1.2 kPa at 50 °C   ), hydrogen-peroxide vapour is potentially 
hazardous. According to U.S. NIOSH, the immediately dangerous to life and health (IDLH) limit 
is only 75 ppm.   The U.S.  Occupational Safety and Health Administration  (OSHA) has 
established a permissible exposure limit of 1.0 ppm calculated as an 8-hour time-weighted 
average (29 CFR 1910.1000, Table Z-1).   Hydrogen peroxide has also been classified by the 
American Conference of Governmental Industrial Hygienists  (ACGIH) as a "known animal 
carcinogen, with unknown relevance on humans".   For workplaces where there is a risk of 
exposure to the hazardous concentrations of the vapours, continuous monitors for hydrogen 
peroxide should be used. Information on the hazards of hydrogen peroxide is available from 
OSHA   and from the ATSDR.  
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Historical incidents 
● On 16 July 1934, in  Kummersdorf , Germany, a propellant tank containing an 

experimental monopropellant mixture consisting of hydrogen peroxide and ethanol 
exploded during a test, killing three people. 

● During the  Second World War , doctors in  German concentration camps  experimented 
with the use of hydrogen peroxide injections in the killing of human subjects.  

● Several people received minor injuries after a hydrogen peroxide spill on board a flight 
between the U.S. cities of Orlando and Memphis on 28 October 1998.  

● The Russian submarine  K-141 Kursk  sailed to perform an exercise of firing dummy 
torpedoes at the  Pyotr Velikiy , a  Kirov-class battlecruiser . On 12 August 2000, at 11:28 
local time (07:28 UTC),  there was an explosion  while preparing to fire the torpedoes. 
The only credible report to date is that this was due to the failure and explosion of one of 
the Kursk's hydrogen peroxide-fueled torpedoes. It is believed that  HTP , a form of highly 
concentrated hydrogen peroxide used as propellant for the torpedo, seeped through its 
container, damaged either by rust or in the loading procedure back on land where an 
incident involving one of the torpedoes accidentally touching ground went unreported. 
The vessel was lost with all hands. A similar incident was responsible for the loss of 
HMS Sidon  in 1955. 

● On 15 August 2010, a spill of about 30 US gallons (110 L) of cleaning fluid occurred on 
the 54th floor of 1515 Broadway, in Times Square, New York City. The spill, which a 
spokesperson for the New York City fire department said was of hydrogen peroxide, shut 
down Broadway between West 42nd and West 48th streets as fire engines responded to 
the  hazmat  situation. There were no reported injuries.  

Rubbing Alcohol 
Rubbing alcohol refers to either  isopropyl alcohol  (propan-2-ol) or  ethanol  based liquids, or the 
comparable  British Pharmacopoeia  defined surgical spirit, with isopropyl alcohol products being 
the most widely available. Rubbing alcohol is undrinkable even if it is ethanol based, due to the 
bitterants added. 
They are liquids used primarily as a  topical   antiseptic .   They also have many industrial and 
household uses.   The term "rubbing alcohol" has become a general non-specific term for either 
isopropyl alcohol (isopropanol) or ethyl alcohol (ethanol) rubbing-alcohol products. 
The  United States Pharmacopeia  defines 'isopropyl rubbing alcohol  USP ' as containing 
approximately 70 percent by volume of pure isopropyl alcohol and defines 'rubbing alcohol USP' 
as containing approximately 70 percent by volume of  denatured alcohol . In Ireland and the UK, 
the comparable preparation is surgical spirit  B.P. , which the  British Pharmacopoeia  defines as 
95%  methylated spirit , 2.5%  castor oil , 2%  diethyl phthalate , and 0.5%  methyl salicylate .   Under 
its alternative name of "wintergreen oil", methyl salicylate is a common additive to North 
American rubbing alcohol products.   Individual manufacturers are permitted to use their own 
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formulation standards in which the ethanol content for retail bottles of rubbing alcohol is labeled 
as and ranges from 70-99% v/v.  

All rubbing alcohols are unsafe for human consumption: isopropyl rubbing alcohols do not 
contain the ethyl alcohol of alcoholic beverages; ethyl rubbing alcohols are based on denatured 
alcohol, which is a combination of ethyl alcohol and one or more 
bitter poisons that make the 
substance toxic. 

Isopropyl Alcohol 
Isopropyl alcohol ( IUPAC  name 
propan-2-ol; commonly called 
isopropanol) is a  compound  with the 
chemical formula  C 3 H 8 O. It is a 
colorless ,  flammable  chemical compound with a strong  odor . As an  isopropyl  group linked to a 
hydroxyl  group, it is the simplest example of a  secondary alcohol , where the  alcohol  carbon 
atom is attached to two other carbon atoms. It is a  structural isomer  of  1-propanol . It has a wide 
variety of industrial and hous ehold uses, and is a common ingredient in chemicals such as 
antiseptics , disinfectants and detergents. 

Properties 
Isopropyl alcohol is  miscible  in water,  ethanol ,  ether , and  chloroform . It will dissolve  ethyl 
cellulose ,  polyvinyl butyral , many oils, alkaloids, gums and natural resins.   Unlike  ethanol  or 
methanol , isopropyl alcohol is not miscible with salt solutions and can be separated from 
aqueous solutions  by adding a salt such as  sodium chloride . The process is colloquially called 
salting out , and causes concentrated isopropyl alcohol to separate into a distinct layer.  

Isopropyl alcohol forms an  azeotrope  with water, which gives a boiling point of 80.37 °C (176.67 
°F) and a composition of 87.7 wt% (91 vol%) isopropyl alcohol. Water-isopropyl alcohol mixtures 
have depressed melting points.   It has a slightly bitter taste, and is not safe to drink.  

Isopropyl alcohol becomes increasingly viscous with decreasing temperature and will freeze at 
−89 °C (−128 °F). 
Isopropyl alcohol has a maximum  absorbance  at 205 nm in an  ultraviolet-visible  spectrum.  

Reactions 
Isopropyl alcohol can be  oxidized  to  acetone , which is the corresponding  ketone . This can be 
achieved using oxidizing agents such as  chromic acid , or by  dehydrogenation  of isopropyl 
alcohol over a heated copper  catalyst : 
(CH 3 ) 2 CHOH → (CH 3 ) 2 CO +  H 2 

Isopropyl alcohol is often used as both solvent and  hydride  source in the 
Meerwein-Ponndorf-Verley reduction  and other  transfer hydrogenation  reactions. Isopropyl 
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alcohol may be converted to  2-bromopropane  using  phosphorus tribromide , or dehydrated to 
propene  by heating with  sulfuric acid . 
Like most alcohols, isopropyl alcohol reacts with active  metals  such as  potassium  to form 
alkoxides  that can be called isopropoxides. The reaction with  aluminium  (initiated by a trace of 
mercury ) is used to prepare the catalyst  aluminium isopropoxide .  

Safety 
Isopropyl alcohol vapor is denser than air and is  flammable , with a  flammability range  of 
between 2 and 12.7% in air. It should be kept away from heat and open flame.   Distillation of 
isopropyl alcohol over magnesium has been reported to form  peroxides , which may explode 
upon concentration.   Isopropyl alcohol is a skin irritant.  

Toxicology 
Isopropyl alcohol and its  metabolite ,  acetone , act as  central nervous system  (CNS) 
depressants ,   and around 15 g of isopropyl alcohol can have a toxic effect on a 70 kg human if 
left untreated.   Poisoning can occur from ingestion, inhalation, or skin absorption.  Symptoms  of 
isopropyl alcohol poisoning include  flushing ,  headache ,  dizziness ,  CNS depression ,  nausea , 
vomiting ,  anesthesia ,  hypothermia ,  hypotension ,  shock ,  respiratory depression , and  coma . 

Overdoses may cause a fruity odor on the breath as a result of its metabolism to  acetone . 

Isopropyl alcohol does not cause an  anion gap acidosis  but it produces an  osmolal gap  between 
the calculated and measured osmolalities of serum, as do the other alcohols.  

Isopropyl alcohol is oxidized to form acetone by  alcohol dehydrogenase  in the liver,   and has a 
biological half-life  in humans between 2.5 and 8.0 hours. Unlike  methanol  or  ethylene glycol 
poisoning, the metabolites of isopropyl alcohol are less toxic, and treatment is largely 
supportive. Furthermore, there is no indication for the use of  fomepizole , an alcohol 
dehydrogenase inhibitor, unless co-ingestion with methanol or ethylene glycol is suspected.  

Isopropyl alcohol is  denatured  for certain uses, in which case the NFPA 704 rating is changed to 
2,3,1. 

Ethanol 
Ethanol, also called alcohol, ethyl alcohol, and drinking alcohol, is a  compound  and simple 
alcohol  with the  chemical formula  C 2 H 5 OH. Its formula can be written also as CH 3 −CH 2 −OH or 
C 2 H 5 −OH (an  ethyl group  linked to a  hydroxyl  group), and is often abbreviated as EtOH. Ethanol 
is a  volatile ,  flammable , colorless liquid with a slight characteristic odor. It is a  psychoactive 
substance  and is the principal type of alcohol found in  alcoholic drinks . 
Ethanol is naturally produced by the  fermentation  of  sugars  by  yeasts  or via  petrochemical 
processes, and is most commonly considered as a popular  recreational drug . It also has 
medical applications as an  antiseptic  and  disinfectant . The compound is widely used as a 
chemical   solvent , either for scientific chemical testing or in  synthesis  of other  organic 
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compounds , and is a vital substance utilized across many different kinds of manufacturing 
industries. Ethanol is also used as a clean-burning  fuel  source. 
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Bleach 
The bleaching process has been known for millennia, but the chemicals currently used for 
bleaching resulted from the work of several 18th century scientists.  Chlorine  is the basis for the 
most common bleaches: for example, the solution of  sodium hypochlorite , which is so 
ubiquitous that most simply call it "bleach", and  calcium hypochlorite , the active compound in 
"bleaching powder". Oxidizing bleaching agents that do not contain chlorine are usually based 
on  peroxides  such as  hydrogen peroxide ,  sodium percarbonate  and  sodium perborate . While 
most bleaches are  oxidizing agents , some are  reducing agents  such as  sodium dithionite  and 
sodium borohydride. 
Bleaches are used as  household chemicals  to whiten clothes and remove  stains  and as 
disinfectants, primarily in the bathroom and kitchen. Many bleaches have strong  bactericidal 
properties, and are used for disinfecting and sterilizing and thus are used in  swimming pool 
sanitation  to control bacteria, viruses and algae and in any institution where sterile conditions 
are needed. They are also used in many industrial processes, notably in the  bleaching of wood 
pulp . Bleach is also used for removing  mildew , killing  weeds  and increasing the longevity of cut 
flowers .  

Sodium Hypochlorite 
Sodium hypochlorite is a  chemical compound  with the 
formula  NaClO. It is composed of a  sodium   cation  (Na + ) 
and a  hypochlorite   anion  (ClO − ); it may also be viewed 
as the sodium  salt  of  hypochlorous acid . When dissolved 
in water it is commonly known as  bleach  or liquid bleach. 
Sodium hypochlorite is practically and chemically distinct from  chlorine .   Sodium hypochlorite is 
frequently used as a  disinfectant  or a  bleaching agent . The mixture of sodium peroxide (Na 2 O 2 ) 
and hydrochloric acid, which react to produce sodium hypochlorite is also termed as oxone.  

Safety 
Sodium hypochlorite is a strong  oxidizer . Oxidation reactions are  corrosive . Solutions burn the 
skin and cause eye damage, especially when used in concentrated forms. However, as 
recognized by the NFPA, only solutions containing more than 40% sodium hypochlorite by 
weight are considered hazardous oxidizers. Solutions less than 40% are classified as a 
moderate oxidizing hazard (NFPA 430, 2000). 
Mixing bleach with some household cleaners can be hazardous. For example, mixing an  acid 
cleaner with sodium hypochlorite bleach generates toxic  chlorine  gas. Mixing bleach with 
amines (for example, cleaning products containing  ammonia  or related compounds and 
biological materials such as  urine ) produces  nitrogen trichloride .   This gaseous product can 
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cause acute lung injury. Chronic exposure, for example, from the air at swimming pools where 
chlorine is used as the disinfectant, can lead to the development of atopic asthma.  

Bleach can react violently with  hydrogen peroxide  and produce oxygen gas: 
 
H 2 O 2 (aq) + NaOCl(aq) → NaCl(aq) + H 2 O(l) + O 2 (g) 
 
It is estimated that there are about 3300 accidents needing hospital treatment caused by 
sodium hypochlorite solutions each year in British homes (RoSPA, 2002). 
Household bleach and pool chlorinator solutions are typically stabilized by a significant 
concentration of  lye  (caustic soda, NaOH) as part of the manufacturing reaction. Skin contact 
will produce caustic irritation or burns due to  defatting  and  saponification  of skin oils and 
destruction of tissue. The slippery feel of bleach on skin is due to this process. 
A European study, published in 2008, indicated that sodium hypochlorite and organic chemicals 
(e.g., surfactants, fragrances) contained in several household cleaning products can react to 
generate chlorinated  volatile organic compounds  (VOCs).   These chlorinated compounds are 
emitted during cleaning applications, some of which are toxic and probable human carcinogens. 
The study showed that indoor air concentrations significantly increase (8–52 times for 
chloroform and 1–1170 times for carbon tetrachloride, respectively, above baseline quantities in 
the household) during the use of bleach containing products. The increase in chlorinated volatile 
organic compound concentrations was the lowest for plain bleach and the highest for the 
products in the form of "thick liquid and gel." The significant increases observed in indoor air 
concentrations of several chlorinated VOCs (especially carbon tetrachloride and chloroform) 
indicate that the bleach use may be a source that could be important in terms of inhalation 
exposure to these compounds. The authors suggested that using these cleaning products may 
significantly increase the cancer risk.  

One major concern arising from sodium hypochlorite use is that it tends to form  chlorinated 
organic compounds , some of which are  carcinogenic . This can occur during household storage 
and use as well during industrial use.   For example, when household bleach and wastewater 
were mixed, 1–2% of the available chlorine was observed to form organic compounds.   As of 
1994, not all the byproducts had been identified, but identified compounds include  chloroform 
and  carbon tetrachloride .   The estimated exposure to these chemicals from use is estimated to 
be within occupational exposure limits.  

Epsom Salt 
Magnesium sulfate is an  inorganic   salt  ( chemical compound ) containing  magnesium ,  sulfur  and 
oxygen , with the formula MgSO 4 . It is often encountered as the heptahydrate  sulfate mineral 
epsomite  (MgSO 4 ·7H 2 O), commonly called Epsom salt. The monohydrate, MgSO 4 ·H 2 O is found 
as the mineral  kieserite . The overall global annual usage in the mid-1970s of the monohydrate 
was 2.3 million tons, of which the majority was used in agriculture. 

Anhydrous  magnesium sulfate is used as a drying agent. The anhydrous form is  hygroscopic 
(readily absorbs water from the air) and is therefore difficult to weigh accurately; the hydrate is 
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often preferred when preparing solutions (for example, in medical preparations). Epsom salt has 
been traditionally used as a component of  bath salts . Epsom salt can also be used as a beauty 
product. Athletes use it to soothe sore muscles, while gardeners use it to improve crops. It has a 
variety of other uses: for example, Epsom salt is also effective in the removal of splinters.  

It is on the  WHO Model List of Essential Medicines , the most important medications needed in a 
basic  health system .  

Vinegar 
Vinegar is a liquid consisting of about 5–20%  acetic acid  (CH 3 COOH),  water , and other trace 
chemicals, which may include flavorings. The acetic acid is produced by the  fermentation  of 
ethanol  by  acetic acid bacteria . Vinegar is now mainly used as a cooking ingredient, or in 
pickling . As the most easily manufactured mild  acid , it has historically had a great variety of 
industrial,  medical , and domestic uses, some of which (such as its use as a general household 
cleaner) are still commonly practiced today. 
Commercial vinegar is produced either by a fast or a slow fermentation processes. In general, 
slow methods are used in traditional vinegars where fermentation proceeds slowly over the 
course of a few months or up to a year. The longer fermentation period allows for the 
accumulation of a non-toxic slime composed of acetic acid bacteria. Fast methods add  mother 
of vinegar  ( bacterial culture ) to the source liquid before adding air to oxygenate and promote the 
fastest fermentation. In fast production processes, vinegar may be produced between 20 hours 
to three days. 

Calcium Supplements 
Calcium supplements are  salts  of  calcium  used in a number of conditions. Supplementation is 
generally only required when there is not enough  calcium  in the diet.   By mouth they are used to 
treat and prevent  low blood calcium ,  osteoporosis , and  rickets . By  injection into a vein  they are 
used for low blood calcium that is resulting in  muscle spasms  and for  high blood potassium  or 
magnesium toxicity .  

Common side effects include  constipation  and nausea. When taken by mouth  high blood 
calcium  is uncommon. Calcium supplements unlike calcium from dietary sources appears to 
increase the risk of  kidney stones . Adults generally require about a gram of calcium a day. 
Calcium is particularly important for  bones ,  muscles , and  nerves . 

The medical use of calcium supplements began in the 19th century.   It is on the  World Health 
Organization's List of Essential Medicines , the most effective and safe medicines needed in a 
health system .   They are available as  generic medication .   The wholesale cost in the  developing 
world  is about 0.92 to 4.76 USD per month.   In the United States treatment generally costs less 
than 25 USD per month.   Versions are also sold together with  vitamin D .  
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Iron Supplements 
Iron supplements, also known as iron salts and iron pills, are a number of  iron  formulations used 
to treat and prevent  iron deficiency  including  iron deficiency anemia .   For prevention they are 
only recommended in those with  poor absorption ,  heavy menstrual periods ,  pregnancy , 
hemodialysis , or a diet low in iron.   Prevention may also be used in  low birth weight  babies.   They 
are taken by mouth,  injection into a vein , or  injection into a muscle .   While benefits may be seen 
in days up to two months may be required until iron levels return to normal.  

Common side effects include  constipation , abdominal pain, dark stools, and  diarrhea .   Other side 
effects, which may occur with excessive use, include  iron overload  and  iron toxicity .   Ferrous 
salts used as supplements by mouth include  ferrous fumarate ,  ferrous gluconate ,  ferrous 
succinate , and  ferrous sulfate .   Injectable forms include  iron dextran  and  iron sucrose .   They work 
by providing the iron needed for  making red blood cells .  

Iron has been used medically since at least 1681 with an easy to use formulation being created 
in 1832.   It is on the  World Health Organization's List of Essential Medicines , the most effective 
and safe medicines needed in a  health system .   Ferrous salts are available as a  generic 
medication  and  over the counter . The wholesale cost in the  developing world  is about 0.05 to 
0.63 USD per month.   In the United States a typical month of treatment costs less than 25 USD. 
Slow release  formulations, while available, are not recommended.  
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Poison Ivy ( Toxicodendron radicans ) 

 
Toxicodendron radicans , commonly known as eastern poison ivy or poison ivy, is a poisonous 
Asian  and  North American   flowering plant  that is well-known for causing  Urushiol-induced 
contact dermatitis , an itchy, irritating, and sometimes painful rash in most people who touch it. It 
is caused by  urushiol , a clear liquid compound in the plant's  sap .   The species is variable in its 
appearance and habit, and despite its common name it is not a true  ivy  ( Hedera ), but rather a 
member of the  cashew  and  pistachio  family ( Anacardiaceae ).  Toxicodendron radicans  is 
commonly eaten by many animals, and the seeds are consumed by birds,   but poison ivy is most 
often thought of as an unwelcome  weed . 

Identification 
There are numerous subspecies and/or varieties of  T. radicans ,   which can be found growing in 
any of the following forms; all of which have woody stems: 

● as a climbing  vine  that grows on  trees  or some other support 
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● as a  shrub  up to 1.2 metres (3 ft 11 in) tall 
● as a trailing  vine  that is 10–25 centimetres (3.9–9.8 in) tall 

 
The  deciduous   leaves  of T. radicans are  trifoliate  with three  almond -shaped  leaflets .   Leaf color 
ranges from light green (usually the younger leaves) to dark green (mature leaves), turning 
bright red in  fall ; though other sources say leaves are reddish when expanding, turn green 
through maturity, then back to red, orange, or yellow in the fall. The leaflets of mature leaves are 
somewhat shiny. The leaflets are 3–12 cm (1.2–4.7 in) long, rarely up to 30 cm (12 in). Each 
leaflet has a few or no teeth along its edge, and the leaf surface is smooth. Leaflet clusters are 
alternate  on the vine, and the plant has no thorns. Vines growing on the trunk of a tree become 
firmly attached through numerous aerial rootlets.   The vines develop  adventitious roots , or the 
plant can spread from  rhizomes  or  root crowns . The milky sap of poison ivy darkens after 
exposure to the air. 
The  urushiol  compound in poison ivy is not a defensive measure; rather, it helps the plant to 
retain water. It is frequently eaten by animals such as deer and bears.  

 
The following four characteristics are sufficient to identify poison ivy in most situations: (a) 
clusters of three leaflets, (b)  alternate  leaf arrangement, (c) lack of thorns, and (d) each group of 
three leaflets grows on its own stem, which connects to the main vine. 
The appearance of poison ivy can vary greatly between environments, and even within a large 
area. Identification by experienced people is often made difficult by leaf damage, the plant's 
leafless condition during winter, and unusual growth forms due to environmental or genetic 
factors. 
Various  mnemonic  rhymes describe the characteristic appearance of poison ivy:  

1. "Leaflets three; let it be" is the best known and most useful cautionary rhyme. It applies 
to  poison oak , as well as to poison ivy, but other, non-harmful plants have similar leaves.  

2. "Hairy vine, no friend of mine."  

3. "Berries white, run in fright" and "Berries white, danger in sight."  

Distribution and habitat 
Toxicodendron radicans  grows throughout much of 
North America , including the  Canadian   Maritime 
provinces ,  Quebec ,  Ontario ,  Manitoba , and all U.S. 
states east of the  Rocky Mountains ,   as well as in the 
mountainous areas of  Mexico  up to around 1,500 m 
(4,900 ft). Caquistle or caxuistle is the  Nahuatl  term for 
the species. It is normally found in wooded areas, 
especially along edge areas where the tree line breaks and allows sunshine to filter through. It 
also grows in exposed rocky areas, open fields and disturbed areas. 
It may grow as a  forest   understory  plant, although it is only somewhat shade-tolerant.   The plant 
is extremely common in suburban and exurban areas of  New England , the  Mid-Atlantic , and the 
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Southeastern United States . The similar species  T. diversilobum  (western poison oak) and  T. 
rydbergii  (western poison ivy) are found in western  North America . 
Toxicodendron radicans rarely grows at altitudes above 1,500 m (4,900 ft), although the altitude 
limit varies in different locations.   The plants can grow as a shrub up to about 1.2 metres (3.9 ft) 
tall, as a  groundcover  10–25 cm (3.9–9.8 in) high, or as a climbing vine on various supports. 
Older vines on substantial supports send out lateral branches that may be mistaken for tree 
limbs at first glance. 
It grows in a wide variety of  soil  types, and  soil pH  from 6.0 ( acidic ) to 7.9 (moderately  alkaline ). 
It is not particularly sensitive to  soil moisture , although it does not grow in  desert  or  arid 
conditions. It can grow in areas subject to seasonal  flooding  or  brackish  water.  

It is more common now than when  Europeans  first arrived in  North America . The development 
of real estate adjacent to wild, undeveloped land has engendered " edge effects ", enabling 
poison ivy to form vast, lush colonies in these areas. It is listed as a  noxious weed  in the  US 
states of  Minnesota  and  Michigan  and in the Canadian province of  Ontario . 
Outside  North America , T. radicans is also found in the temperate parts of  Asia , in  Japan , 
Taiwan , the Russian islands of  Sakhalin  and the  Kuriles , and in parts of  China .  

A 2006 study by researchers at the  University of Georgia  found that poison ivy is particularly 
sensitive to  carbon dioxide  levels, greatly benefiting from higher concentrations in the 
atmosphere. Higher carbon dioxide levels increase the rate of plant growth, as well as causing 
them to produce more unsaturated urushiol which causes stronger reactions in humans.   Poison 
ivy's growth and potency has already doubled since the 1960s, and it could double again once 
carbon dioxide levels reach 560 ppm.  

Toxicity 
Urushiol-induced contact dermatitis  is the  allergic reaction  caused by poison ivy. In extreme 
cases, a reaction can progress to  anaphylaxis . Around 15% to 25% of people have no allergic 
reaction to urushiol, but most people will have a greater reaction with repeated or more 
concentrated exposure.  

Over 350,000 people are affected by poison ivy annually in the  United States .  

The pentadecyl catechols  of the  oleoresin  within the sap of poison ivy and related plants causes 
the allergic reaction; the plants produce a mixture of pentadecylcatechols, which collectively is 
called urushiol. After injury, the sap leaks to the surface of the plant where the  urushiol  becomes 
a blackish  lacquer  after contact with oxygen.  

Urushiol binds to the skin on contact, where it causes severe itching that develops into reddish 
inflammation or non-coloured bumps, and then  blistering . These  lesions  may be treated with 
Calamine  lotion,  Burow's solution  compresses, dedicated commercial poison ivy itch creams, or 
baths to relieve discomfort,   though recent studies have shown some traditional medicines to be 
ineffective.   Over-the-counter  products to ease itching—or simply oatmeal baths and  baking 
soda —are now recommended by  dermatologists  for the treatment of poison ivy.   A plant-based 
remedy cited to counter urushiol-induced contact dermatitis is  jewelweed , and a jewelweed 
mash made from the living plant was effective in reducing poison ivy dermatitis, supporting 
ethnobotanical use, while jewelweed extracts had no positive effect in clinical studies.   Others 
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argue that prevention of lesions is easy if one practices effective washing, using plain soap, 
scrubbing with a washcloth, and rinsing three times within two to eight hours of exposure.  

The oozing fluids released by scratching blisters do not spread the poison. The fluid in the 
blisters is produced by the body and it is not  urushiol  itself.   The appearance of a spreading rash 
indicates that some areas received more of the poison and reacted sooner than other areas or 
that contamination is still occurring from contact with objects to which the original poison was 
spread. Those affected can unknowingly spread the urushiol inside the house, on phones, door 
knobs, couches, counters, desks, and so on, thus in fact repeatedly coming into contact with 
poison ivy and extending the length of time of the rash. If this has happened, wipe down the 
surfaces with bleach or a commercial urushiol removal agent. The blisters and oozing result 
from blood vessels that develop gaps and leak fluid through the skin; if the skin is cooled, the 
vessels constrict and leak less.   If poison ivy is burned and the smoke then inhaled, this rash will 
appear on the lining of the lungs, causing extreme pain and possibly fatal respiratory difficulty.   If 
poison ivy is eaten, the mucus lining of the mouth and digestive tract can be damaged.   A poison 
ivy rash usually develops within a week of exposure and can last anywhere from one to four 
weeks, depending on severity and treatment. In rare cases, poison ivy reactions may require 
hospitalization.  

Urushiol  oil can remain active for several years, so handling dead leaves or vines can cause a 
reaction. In addition, oil transferred from the plant to other objects (such as pet fur) can cause 
the rash if it comes into contact with the skin.   Clothing, tools, and other objects that have been 
exposed to the oil should be washed to prevent further transmission. 

People who are sensitive to poison ivy can also experience a similar rash from  mangoes . 
Mangoes are in the same family ( Anacarndiaceae ) as poison ivy; the sap of the mango tree and 
skin of mangoes has a chemical compound similar to urushiol.   A related allergenic compound is 
present in the raw shells of  cashews .   Similar reactions have been reported occasionally from 
contact with the related Fragrant Sumac ( Rhus   aromatica ) and  Japanese lacquer tree . These 
other plants are also in the  Anacardiaceae  f amily. 
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Western/Pacific Poison Oak ( Toxicodendron 
diversilobum ) 
Toxicodendron diversilobum  (syn.  Rhus 
diversiloba ), commonly named Pacific poison oak 
or western poison oak, is a woody vine or shrub in 
the  Anacardiaceae  (sumac) family. It is widely 
distributed in western North America, inhabiting 
conifer and mixed broadleaf forests, woodlands, 
grasslands, and  chaparral  biomes.   Peak flowering 
occurs in May.   Like other members of the 
Toxicodendron  genus,  T. diversilobum  causes 
itching and allergic rashes in many humans after 
contact by touch or smoke inhalation. 

Identification 
Toxicodendron diversilobum  is extremely variable in growth 
habit and leaf appearance. It grows as a dense 0.5–4 m 
(1.6–13.1 ft) tall  shrub  in open sunlight, a treelike  vine 
10–30 feet (3.0–9.1 m) and may be more than 100 feet (30 
m) long with an 8–20 cm (3.1–7.9 in) trunk, as dense 
thickets in shaded areas, or any form in between It 
reproduces by spreading  rhizomes  and by seeds.  

The plant is winter  deciduous , so that after cold weather 
sets in, the stems are leafless and bear only the occasional 
cluster of berries. Without leaves the stems may sometimes 
be identified by occasional black marks where its milky sap 
may have oozed and dried. 
The leaves are divided into three (rarely 5, 7, or 9)  leaflets , 
3.5 to 10 centimetres (1.4 to 3.9 in) long, with scalloped, 
toothed, or lobed edges.   They generally resemble the lobed 
leaves of a true oak, though tend to be more glossy. Leaves 
are typically bronze when first unfolding in February to March, bright green in the spring, 
yellow-green to reddish in the summer, and bright red or pink from late July to October.  

White flowers form in the spring, from March to June.   If they are fertilized, they develop into 
greenish-white or tan berries.  

Botanist John Howell observed that the toxicity of T. diversilobum obscures its merits: 
"In spring, the ivory flowers bloom on the sunny hill or in sheltered glade, in summer its fine 
green leaves contrast refreshingly with dried and tawny grassland, in autumn its colors flame 
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more brilliantly than in any other native, but one great fault, its poisonous juice, nullifies its every 
other virtue and renders this beautiful shrub the most disparaged of all within our region."  

Description 
Toxicodendron diversilobum  is found in  California  (also the original name of  Los Angeles ; 
Yangna or Iyaanga/poison oak place),   the  Baja California Peninsula ,  Nevada ,  Oregon , 
Washington , and  British Columbia .   The related  T. pubescens  (eastern poison oak) is native to 
the  Southeastern United States .  T. diversilobum  and  T. rydbergii  (western poison ivy) hybridize 
in the  Columbia River Gorge  area.  

Toxicodendron diversilobum  is common in various  habitats , from mesic  riparian zones  to xeric 
chaparral .   It thrives in shady and dappled light through full and direct sunlight conditions, at 
elevations below 5,000 feet (1,500 m).   The vining form can climb up large shrub and tree trunks 
into their canopies. Sometimes it kills the support plant by smothering or breaking it.   The plant 
often occurs in  chaparral and woodlands ,  coastal sage scrub ,  grasslands , and  oak woodlands ; 
and  Douglas-fir ( Pseudotsuga menziesii ) , hemlock–Sitka spruce,  Sequoia sempervirens  (coast 
redwood),  Pinus ponderosa  (Ponderosa pine), and  mixed evergreen forests .  

Toxicity 
Toxicodendron diversilobum  leaves and twigs have a surface oil,  urushiol , which causes an 
allergic reaction .   It causes contact dermatitis – an immune-mediated skin inflammation – in 
four-fifths of humans.   However, most, if not all, will become sensitized over time with repeated or 
more concentrated exposure to urushiol. 
The active components of urushiol have been determined to be unsaturated congeners of 
3-heptadecylcatechol with up to three double bonds in an unbranched C17 side chain.   In poison 
ivy, these components are unique in that they contain a -CH2CH2- group in an unbranched alkyl 
side chain.  

Reactions 
Toxicodendron diversilobum  skin contact first causes itching; then evolves into  dermatitis  with 
inflammation, colorless bumps, severe itching, and blistering.   In the dormant deciduous seasons 
the plant can be difficult to recognize, however contact with leafless branches and twigs also 
causes allergic reactions. 
Urushiol volatilizes when burned, and human exposure to  T. diversilobum  smoke is extremely 
hazardous, from  wildfires ,  controlled burns , or disposal fires.   The smoke can poison people who 
thought they were immune.   Branches used to toast food over campfires can cause reactions 
internally and externally. 
Urushiol is also found in the skin of mangoes, posing a danger to people already sensitized to  T . 
diversilobum  when eating the fruit while it is still in the rind.  
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Urushiol 
Urushiol  /ʊˈruːʃi.ɒl/  is an oily organic compound with  allergic  properties found in  plants  of the 
family   Anacardiaceae , especially  Toxicodendron  spp.  (e.g.,  poison oak ,  Lacquer Tree ,  poison 
ivy ,  poison sumac ) and also in parts of the  mango  tree.  

In most individuals, urushiol causes an allergic  skin  rash on contact,   known as  urushiol-induced 
contact dermatitis . 
The name urushiol is derived from the  Japanese  word for the lacquer tree,  Toxicodendron 
vernicifluum (漆  urushi ).   The  oxidation  and polymerization of urushiol in the tree's sap in the 
presence of moisture allows it to form a hard  lacquer , which is used to produce traditional 
Chinese ,  Korean  and  Japanese lacquerware . 

Characteristics 
Urushiol is a pale-yellow  liquid  with a  specific gravity  of 0.968 and a  boiling point  of 200 °C (392 
°F). It is soluble in  ethanol ,  diethyl ether , and  benzene .  

Urushiol is a mixture of several closely related  organic compounds . Each consists of a  catechol 
substituted with an  alkyl  chain that has 15 or 17 carbon atoms. The alkyl group may be 
saturated  or unsaturated. The exact composition of the mixture varies, depending on the plant 
source. Whereas  western poison oak  urushiol contains chiefly catechols with C 17  side-chains, 

poison ivy and poison sumac contain mostly catechols with C 15  sidechains. The likelihood and 
severity of allergic reaction to urushiol is dependent on the degree of  unsaturation  of the  alkyl 
chain. Less than half of the general population experience a reaction with the saturated urushiol 
alone, but over 90% do so with urushiol that contains at least two  degrees of unsaturation 
(double bonds). Longer side chains tend to produce a stronger reaction.  

Before the urushiol has been absorbed by the skin, it can be removed with soap and water. It is 
important to do this quickly, as 50% of the urushiol can be absorbed within 10 minutes.   Once 
urushiol has penetrated into the skin, attempting to remove it with water is ineffective.   After 
absorption into the skin it is recognized by the  immune system 's  dendritic cells , otherwise called 
Langerhans cells . These cells then migrate to the  lymph nodes , where they present the urushiol 
to  T-lymphocytes  and thus recruit them to the skin, and the T-lymphocytes cause pathology 
through the production of  cytokines  and  cytotoxic  damage to the skin.  

Urushiol is an  oleoresin  contained within the sap of  poison ivy  and related plants, and after 
injury to the plant, or late in the fall, the sap leaks to the surface of the plant, where under 
certain temperature and humidity conditions the urushiol becomes a blackish  lacquer  after being 
in contact with  oxygen .  

Death-cap mushroom (Amanita phalloides) 
Amanita phalloides   /æməˈnaɪtə 
fəˈlɔɪdiːz/ , commonly known as the 
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death cap, is a deadly poisonous  basidiomycete   fungus , one of many in the genus  Amanita . 
Widely distributed across  Europe ,  A. phalloides  forms  ectomycorrhizas  with various 
broadleaved trees. In some cases, the death cap has been introduced to new regions with the 
cultivation of non-native species of  oak ,  chestnut , and  pine . The large fruiting bodies 
( mushrooms ) appear in summer and autumn; the  caps  are generally greenish in colour with a 
white  stipe  and  gills . Cap colour is variable, including white forms (see Taxonomy below) and 
thus not a reliable identifier. 
These toxic mushrooms resemble several edible species (most notably  caesar's mushroom  and 
the  straw mushroom ) commonly consumed by humans, increasing the risk of accidental 
poisoning .  Amatoxins , the class of toxins found in these mushrooms, are  thermostable : they 
resist changes due to heat, so their toxic effects are not reduced by cooking. 
A. phalloides  is one of the most poisonous of all known  toadstools . It is estimated that as little as 
half a mushroom contains enough toxin to kill an adult human. It has been involved in the 
majority of human deaths from  mushroom poisoning , possibly including the deaths of  Roman 
Emperor   Claudius  in AD 54 and  Holy Roman Emperor   Charles VI  in 1740. It has been the 
subject of much research, and many of its biologically active agents have been isolated. The 
principal toxic constituent is  α-amanitin , which damages the  liver  and  kidneys , causing hepatic 
and renal failure that can be fatal. 

Description 
The death cap has a large and imposing  epigeous  (aboveground)  fruiting body  (basidiocarp), 
usually with a  pileus  (cap) from 5 to 15 cm (2 to 6 in) across, initially rounded and 
hemispherical, but flattening with age.   The color of the cap can be pale-, yellowish-, or 
olive-green, often paler toward the margins and often paler after rain. The cap surface is sticky 
when wet and easily peeled, a troublesome feature, as that is allegedly a feature of edible fungi. 

The remains of the  partial veil  are seen as a skirtlike, floppy  annulus  usually about 1.0 to 1.5 cm 
(0.39 to 0.59 in) below the cap. The crowded white  lamellae  (gills) are free. The  stipe  is white 
with a scattering of grayish-olive scales and is 8 to 15 cm (3 to 6 in) long and 1 to 2 centimetres 
( 3 ⁄ 8  to  3 ⁄ 4  in) thick, with a swollen, ragged, sac-like white  volva  (base).   As the volva, which may be 
hidden by leaf litter, is a distinctive and diagnostic feature, it is important to remove some debris 
to check for it.  

The smell has been described as initially faint and honey-sweet, but strengthening over time to 
become overpowering, sickly-sweet and objectionable.   Young specimens first emerge from the 
ground resembling a white egg covered by a  universal veil , which then breaks, leaving the volva 
as a remnant. The  spore print  is white, a common feature of  Amanita . The transparent spores 
are globular to egg-shaped, measure 8–10  μm  (0.3–0.4  mil ) long, and stain blue with  iodine .   The 
gills, in contrast, stain pallid lilac or pink with concentrated  sulfuric acid .  

Distribution and habitat 
The death cap is native to Europe, where it is widespread.   It is found from the southern coastal 
regions of Scandinavia in the north, to Ireland in the west, east to Poland and western Russia, 

 

https://en.wikipedia.org/wiki/Basidiomycete
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Amanita
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Mycorrhiza#Ectomycorrhiza
https://en.wikipedia.org/wiki/Oak
https://en.wikipedia.org/wiki/Chestnut
https://en.wikipedia.org/wiki/Pinus
https://en.wikipedia.org/wiki/Mushroom
https://en.wikipedia.org/wiki/Pileus_(mycology)
https://en.wikipedia.org/wiki/Stipe_(mycology)
https://en.wikipedia.org/wiki/Lamella_(mycology)
https://en.wikipedia.org/wiki/Caesar%27s_mushroom
https://en.wikipedia.org/wiki/Volvariella_volvacea
https://en.wikipedia.org/wiki/Poison
https://en.wikipedia.org/wiki/Amatoxin
https://en.wikipedia.org/wiki/Thermostability
https://en.wikipedia.org/wiki/Toadstool
https://en.wikipedia.org/wiki/Mushroom_poisoning
https://en.wikipedia.org/wiki/Roman_Emperor
https://en.wikipedia.org/wiki/Roman_Emperor
https://en.wikipedia.org/wiki/Claudius
https://en.wikipedia.org/wiki/Holy_Roman_Emperor
https://en.wikipedia.org/wiki/Charles_VI,_Holy_Roman_Emperor
https://en.wikipedia.org/wiki/Alpha-amanitin
https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Kidneys
https://en.wikipedia.org/wiki/Epigeous
https://en.wikipedia.org/wiki/Fruiting_body
https://en.wikipedia.org/wiki/Pileus_(mycology)
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-Bresinsky-18
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-Jord99-19
https://en.wikipedia.org/wiki/Partial_veil
https://en.wikipedia.org/wiki/Annulus_(mycology)
https://en.wikipedia.org/wiki/Lamella_(mycology)
https://en.wikipedia.org/wiki/Stipe_(mycology)
https://en.wikipedia.org/wiki/Volva_(mycology)
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-Bresinsky-18
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-Jord108-20
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-Zeitl61-21
https://en.wikipedia.org/wiki/Universal_veil
https://en.wikipedia.org/wiki/Spore_print
https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Thou_(unit_of_length)
https://en.wikipedia.org/wiki/Iodine
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-Zeitl61-21
https://en.wikipedia.org/wiki/Sulfuric_acid
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-22
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-24
https://en.wikipedia.org/wiki/Amanita_phalloides#cite_note-Nevpoum04-16


 

and south throughout the Balkans, in Italy, Spain and Portugal, and in Morocco and Algeria in 
north Africa.   In west Asia it has been reported from forests of northern Iran.   There are records 
from further east in Asia but these have yet to be confirmed as  A. phalloides .  

It is  ectomycorrhizally  associated with several tree species and is symbiotic with them. In 
Europe, these include  hardwood  and, less frequently,  conifer  species. It appears most 
commonly under oaks, but also under  beeches ,  chestnuts ,  horse-chestnuts ,  birches ,  filberts , 
hornbeams , pines, and  spruces .   In other areas, A. phalloides may also be associated with these 
trees or with only some species and not others. In coastal California, for example, A. phalloides 
is associated with  coast live oak , but not with the various coastal pine species, such as 
Monterey pine .   In countries where it has been introduced, it has been restricted to those exotic 
trees with which it would associate in its natural range. There is, however, evidence of A. 
phalloides associating with  hemlock  and with genera of the  Myrtaceae :  Eucalyptus  in Tanzania 

and Algeria,   and  Leptospermum  and  Kunzea  in New Zealand.   This suggests the species may 
have invasive potential.  

By the end of the 19th century,  Charles Horton Peck  had reported A. phalloides in North 
America.   In 1918, samples from the eastern United States were identified as being a distinct 
though similar species,  A. brunnescens , by  G. F. Atkinson  of  Cornell University .   By the 1970s, it 
had become clear that A. phalloides does occur in the United States, apparently having been 
introduced from Europe alongside chestnuts, with populations on the West and East Coasts. 

Although a 2006 historical review concluded the East Coast populations were introduced, the 
origins of the West Coast populations remained unclear, due to scant historical records.   A 2009 
genetic study provided strong evidence for the introduced status of the fungus on the west coast 
of North America.  

Amanita phalloides has been conveyed to new countries across the Southern Hemisphere with 
the importation of hardwoods and conifers. Introduced  oaks  appear to have been the vector to 
Australia and South America; populations under oaks have been recorded from  Melbourne  and 
Canberra   (where two people died in January 2012, of four who were poisoned   ) and  Adelaide ,   as 
well as  Uruguay .   It has been recorded under other introduced trees in  Argentina   and  Chile .   Pine 
plantations are associated with the fungus in Tanzania   and  South Africa , where it is also found 
under oaks and  poplars .  

Toxicity 
As the common name suggests, the fungus is highly toxic, and is responsible for the majority of 
fatal  mushroom poisonings  worldwide.   Its biochemistry has been researched intensively for 
decades,   and 30 grams (1.1 ounces), or half a cap, of this mushroom is estimated to be enough 
to kill a human.   In 2006, a family of three in  Poland  was poisoned, resulting in one death and the 
two survivors requiring liver transplants.   In 2017, 14 people in California were poisoned, 
including an 18 month old who required a liver transplant.   Some authorities strongly advise 
against putting suspected death caps in the same basket with fungi collected for the table and to 
avoid even touching them.   Furthermore, the toxicity is not  reduced by cooking , freezing, or 
drying.  
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Similarity to edible species 
In general, poisoning incidents are unintentional and result from errors in identification. Recent 
cases highlight the issue of the similarity of A. phalloides to the  edible  paddy straw mushroom, 
Volvariella volvacea , with East- and Southeast-Asian immigrants in Australia and the west coast 
of the United States falling victim. In an episode in  Oregon , four members of a Korean family 
required liver transplants.   Of the 9 people poisoned in the  Canberra  region between 1988 and 
2011, three were from  Laos  and two were from China.  

Novices may mistake juvenile death caps for edible  puffballs   or mature specimens for other 
edible Amanita species, such as  A. lanei , so some authorities recommend avoiding the 
collecting of Amanita species for the table altogether.   The white form of A. phalloides may be 
mistaken for edible species of  Agaricus , especially the young fruit bodies whose unexpanded 
caps conceal the telltale white gills; all mature species of Agaricushave dark-colored gills.  

In Europe, other similarly green-capped species collected by mushroom hunters include various 
green-hued brittlegills of the genus  Russula  and the formerly popular  Tricholoma equestre , now 
regarded as hazardous owing to a series of restaurant poisonings in France. Brittlegills, such as 
Russula heterophylla ,  R. aeruginea , and  R. virescens , can be distinguished by their brittle flesh 
and the lack of both volva and ring.   Other similar species include  A. subjunquillea  in eastern 
Asia and  A. arocheae , which ranges from  Andean  Colombia north at least as far as central 
Mexico, both of which are also poisonous. 
In January 2012, four people were accidentally poisoned when death caps (reportedly 
misidentified as  straw fungi , which are popular in Chinese and other Asian dishes) were served 
at a New Year's Eve dinner party in  Canberra, Australia . All the victims required hospital 
treatment and two of them died, with a third requiring a liver transplant.  

Biochemistry 
The species is now known to contain two main groups of toxins, both  multicyclic  (ring-shaped) 
peptides , spread throughout the mushroom  tissue : the  amatoxins  and the  phallotoxins . 
Another toxin is  phallolysin , which has shown some  hemolytic  (red blood cell–destroying) 
activity in vitro. An unrelated compound,  antamanide , has also been isolated. 
Amatoxins  consist of at least eight compounds with a similar structure, that of eight amino-acid 
rings; they were isolated in 1941 by  Heinrich O. Wieland  and Rudolf Hallermayer of the 
University of Munich .   Of the amatoxins,  α-amanitin  is the chief component and along with 
β-amanitin  is likely responsible for the toxic effects.   Their major toxic mechanism is the inhibition 
of  RNA polymerase II , a vital enzyme in the synthesis of  messenger RNA  (mRNA),  microRNA , 
and small nuclear RNA ( snRNA ). Without mRNA, essential  protein synthesis  and hence cell 
metabolism grind to a halt and the cell dies.   The  liver  is the principal organ affected, as it is the 
organ which is first encountered after absorption in the gastrointestinal tract, though other 
organs, especially the  kidneys , are susceptible.   The RNA polymerase of Amanita phalloides is 
insensitive to the effects of amatoxins, so the mushroom does not poison itself.  

The  phallotoxins  consist of at least seven compounds, all of which have seven similar peptide 
rings.  Phalloidin  was isolated in 1937 by  Feodor Lynen ,  Heinrich Wieland 's student and 
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son-in-law, and Ulrich Wieland of the University of Munich. Though phallotoxins are highly toxic 
to liver cells,   they have since been found to add little to the death cap's toxicity, as they are not 
absorbed through the gut.   Furthermore, phalloidin is also found in the edible (and sought-after) 
Blusher  (Amanita rubescens).   Another group of minor active peptides are the virotoxins, which 
consist of six similar monocyclic heptapeptides.   Like the phallotoxins, they do not induce any 
acute toxicity after ingestion in humans.  

The genome of the death cap has been sequenced.  

Signs and symptoms 
Death caps have been reported to taste pleasant.   This, coupled with the delay in the 
appearance of symptoms—during which time internal organs are being severely, sometimes 
irreparably, damaged—makes it particularly dangerous. Initially, symptoms are  gastrointestinal 
in nature and include  colicky  abdominal pain, with watery  diarrhea ,  nausea , and  vomiting , which 
may lead to  dehydration  if left untreated, and, in severe cases,  hypotension ,  tachycardia , 
hypoglycemia , and  acid–base disturbances .   These first symptoms resolve two to three days 
after the ingestion. A more serious deterioration signifying liver involvement may then 
occur— jaundice , diarrhea,  delirium ,  seizures , and  coma  due to  fulminant liver failure  and 
attendant  hepatic encephalopathy  caused by the accumulation of normally liver-removed 
substance in the blood.   Kidney failure  (either secondary to severe  hepatitis   or caused by direct 
toxic kidney damage   ) and  coagulopathy  may appear during this stage. Life-threatening 
complications include increased  intracranial pressure , intracranial  bleeding ,  pancreatic 
inflammation ,  acute kidney failure , and  cardiac arrest .   Death generally occurs six to sixteen days 
after the poisoning.  

Mushroom poisoning is more common in Europe than in America.   Up to the mid-20th century, 
the mortality rate was around 60–70%, but this has been greatly reduced with advances in 
medical care. A review of death cap poisoning throughout Europe from 1971 to 1980 found the 
overall mortality rate to be 22.4% (51.3% in children under ten and 16.5% in those older than 
ten).   This has fallen further in more recent surveys to around 10–15%.  

Treatment 
Consumption of the death cap is a  medical emergency  requiring hospitalization. The four main 
categories of therapy for poisoning are preliminary medical care, supportive measures, specific 
treatments, and  liver transplantation .  

Preliminary care consists of gastric decontamination with either  activated carbon  or  gastric 
lavage ; due to the delay between ingestion and the first symptoms of poisoning, it is common 
for patients to arrive for treatment many hours after ingestion, potentially reducing the efficacy of 
these interventions.   Supportive measures are directed towards treating the dehydration which 
results from fluid loss during the gastrointestinal phase of intoxication and correction of 
metabolic acidosis , hypoglycemia,  electrolyte imbalances, and impaired coagulation.  

No definitive antidote is available, but some specific treatments have been shown to improve 
survivability. High-dose continuous intravenous  penicillin G  has been reported to be of benefit, 
though the exact mechanism is unknown,   and trials with  cephalosporins  show promise.   Some 
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evidence indicates intravenous  silibinin , an extract from the  blessed milk thistle  (Silybum 
marianum), may be beneficial in reducing the effects of death cap poisoning. A long-term clinical 
trial of intravenous silibinin began in the US in 2010.   Silibinin prevents the uptake of amatoxins 
by  liver cells , thereby protecting undamaged liver tissue; it also stimulates DNA-dependent RNA 
polymerases, leading to an increase in RNA synthesis.   According to one report   based on a 
treatment of 60 patients with silibinin, patients who started the drug within 96 hours of ingesting 
the mushroom and who still had intact kidney function all survived. As of February 2014 
supporting research has not yet been published. 
SLCO1B3  has been identified as the human hepatic uptake transporter for amatoxins; 
moreover, substrates and inhibitors of that protein—among others  rifampicin , penicillin, silibinin, 
antamanide ,  paclitaxel ,  ciclosporin  and  prednisolone —may be useful for the treatment of human 
amatoxin poisoning.  

N-Acetylcysteine  has shown promise in combination with other therapies.   Animal studies 
indicate the amatoxins deplete hepatic  glutathione ;   N-acetylcysteine serves as a glutathione 
precursor and may therefore prevent reduced glutathione levels and subsequent liver damage. 

None of the antidotes used have undergone prospective,  randomized clinical trials , and only 
anecdotal support is available. Silibinin and N-acetylcysteine appear to be the therapies with the 
most potential benefit.   Repeated doses of activated carbon may be helpful by absorbing any 
toxins returned to the gastrointestinal tract following  enterohepatic circulation .   Other methods of 
enhancing the elimination of the toxins have been trialed; techniques such as  hemodialysis , 

hemoperfusion ,   plasmapheresis ,   and  peritoneal dialysis   have occasionally yielded success, but 
overall do not appear to improve outcome.  

In patients developing liver failure, a liver transplant is often the only option to prevent death. 
Liver transplants have become a well-established option in amatoxin poisoning.   This is a 
complicated issue, however, as transplants themselves may have significant  complications  and 
mortality; patients require long-term  immunosuppression  to maintain the transplant.   That being 
the case, the criteria have been reassessed, such as onset of symptoms,  prothrombin time 
(PTT), serum  bilirubin , and presence of  encephalopathy , for determining at what point a 
transplant becomes necessary for survival.   Evidence suggests, although survival rates have 
improved with modern medical treatment, in patients with moderate to severe poisoning, up to 
half of those who did recover suffered permanent liver damage.   A follow-up study has shown 
most survivors recover completely without any  sequelae  if treated within 36 hours of mushroom 
ingestion.  

α-amanitin 
alpha -Amanitin or α-amanitin is a  cyclic peptide 
of eight  amino acids . It is possibly the most 
deadly of all the  amatoxins ,  toxins  found in 
several species of the  Amanita  genus of 
mushrooms , one being the  death cap  (Amanita 
phalloides) as well as the  destroying angel , a 
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complex of similar species, principally A. virosa and A. bisporigera. It is also found in the 
mushrooms  Galerina marginata  and  Conocybe filaris . The oral  LD 50  of amanitin is approximately 
0.1 mg/kg for rats. 
The structure of the polypeptide is atypical of most polypeptides, due to the branching of the 
amino acid chain. A cross bridge between 6-hydroxy- tryptophan  and  cysteine  allows the 
formation of a second "inner loop". The "outer loop" is formed by the normal peptide bond of the 
carboxyl terminus to the amino terminus of the peptide chain. 
Unlike most  cyclic peptides , amatoxins (and  phallotoxins ) are synthesized on  ribosomes . The 
genes encoding the proprotein for α-amanitin belongs to the same family as those that encode  
for phallacidin (a  phallotoxin ). 

Scientific use 
α-Amanitin is an selective inhibitor of  RNA polymerase II  and  III .   This mechanism makes it a 
deadly toxin. 
α-Amanitin can also be used to determine which types of RNA polymerase are present. This is 
done by testing the sensitivity of the polymerase in the presence of α-amanitin. RNA 
polymerase I is insensitive, RNA polymerase II is highly sensitive (inhibited at 1μg/ml), RNA 
polymerase III is moderately sensitive (inhibited at 10μg/ml), and RNA polymerase IV is slightly 
sensitive (inhibited at 50μg/ml).  
  

 

https://en.wikipedia.org/wiki/Galerina_marginata
https://en.wikipedia.org/wiki/Conocybe_filaris
https://en.wikipedia.org/wiki/Median_lethal_dose
https://en.wikipedia.org/wiki/Median_lethal_dose
https://en.wikipedia.org/wiki/Tryptophan
https://en.wikipedia.org/wiki/Cysteine
https://en.wikipedia.org/wiki/Cyclic_peptides
https://en.wikipedia.org/wiki/Phallotoxin
https://en.wikipedia.org/wiki/Ribosomes
https://en.wikipedia.org/wiki/Phallotoxin
https://en.wikipedia.org/wiki/RNA_polymerase_II
https://en.wikipedia.org/wiki/RNA_polymerase_III
https://en.wikipedia.org/wiki/Alpha-Amanitin#cite_note-2


 

Jimson weed ( Datura sp ) 

Description 
Datura stramonium  is a 
foul-smelling, erect, 
annual , freely branching 
herb that forms a bush up 
to 60 to 150 cm (2 to 5 ft) 
tall.  

The  root  is long, thick, 
fibrous, and white. The 
stem  is stout, erect, leafy, smooth, and pale 
yellow-green. The stem forks off repeatedly into 
branches, and each fork forms a leaf and a single, erect 
flower.  

The leaves are about 8 to 20 cm (3–8 in) long, smooth, 
toothed,   soft, and irregularly undulated.   The upper 
surface of the leaves is a darker green, and the bottom 
is a light green.   The leaves have a bitter and nauseating 
taste, which is imparted to extracts of the herb, and 
remains even after the leaves have been dried.  

Datura stramonium  generally flowers throughout the summer. The fragrant flowers are 
trumpet-shaped, white to creamy or violet, and 6 to 9 cm (2  1 ⁄ 2 –3  1 ⁄ 2  in) long, and grow on short 
stems from either the  axils  of the leaves or the places where the branches fork. The  calyx  is 
long and tubular, swollen at the bottom, and sharply angled, surmounted by five sharp teeth. 
The  corolla , which is folded and only partially open, is white, funnel-shaped, and has prominent 
ribs. The flowers open at night, emitting a pleasant fragrance, and are fed upon by nocturnal 
moths .  

The egg-shaped seed  capsule  is 3 to 8 cm (1–3 in) in diameter and either covered with spines 
or bald. At maturity, it splits into four chambers, each with dozens of small, black seeds.  

Range and habitat 
Datura stramonium  is native to  North America , but was spread to the Old World early. It was 
scientifically described and named by Swedish botanist  Carl Linnaeus  in 1753, although it had 
been described a century earlier by  botanists  such as  Nicholas Culpeper .   Today, it grows wild in 
all the world's warm and moderate regions, where it is found along roadsides and at dung-rich 
livestock enclosures.   In Europe, it is found as a weed on wastelands and in garbage dumps.  
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The seed is thought [ by whom? ]  to be carried by birds and spread in their droppings. Its seeds can lie 
dormant underground for years and germinate when the soil is disturbed. The  Royal 
Horticultural Society  has advised worried gardeners to dig it up or have it otherwise removed, 

while wearing gloves to handle it.  

Toxicity 
All parts of  Datura  plants contain dangerous levels of the  tropane alkaloids   atropine , 
hyoscyamine , and  scopolamine , which are classified as  deliriants , or  anticholinergics . The risk 
of fatal  overdose  is high among uninformed users, and many hospitalizations occur amongst 
recreational users who ingest the plant for its  psychoactive  effects.  

The amount of toxins varies widely from plant to plant. As much as a 5:1 variation can be found 
between plants, and a given plant's toxicity depends on its age, where it is growing, and the 
local weather conditions.   Additionally, within a given datura plant, toxin concentration varies by 
part and even from leaf to leaf. When the plant is younger, the ratio of  scopolamine  to  atropine 
is about 3:1; after flowering, this ratio is reversed, with the amount of  scopolamine  continuing to 
decrease as the plant gets older.   In traditional cultures, a great deal of experience with and 
detailed knowledge of Datura was critical to minimize harm.   An individual datura seed contains 
about 0.1 mg of atropine, and the approximate fatal dose for adult humans is >10 mg atropine 
or >2–4 mg scopolamine.  

Datura intoxication typically produces  delirium  (as contrasted to  hallucination ),  hyperthermia , 
tachycardia , bizarre behavior, and severe  mydriasis  with resultant painful  photophobia  that can 
last several days. Pronounced  amnesia  is another commonly reported effect.   The onset of 
symptoms generally occurs around 30 to 60 minutes after ingesting the herb. These symptoms 
generally last from 24 to 48 hours, but have been reported in some cases to last as long as two 
weeks.  

As with other cases of  anticholinergic  poisoning,  intravenous   physostigmine  can be 
administered in severe cases as an  antidote .  

Atropine 
Atropine is a medication to treat certain types of  nerve agent  and  pesticide poisonings  as well 
as some types of  slow heart rate  and to decrease  saliva  production during surgery.   It is typically 
given  intravenously  or by injection into a muscle.   Eye drops are also available which are used to 
treat  uveitis  and early  amblyopia .   The intravenous solution usually begins working within a 
minute and lasts half an hour to an hour.   Large doses may be required to treat some poisonings.  

Common  side effects  include a dry mouth,  large pupils ,  urinary retention , constipation, and a 
fast heart rate .   It should generally not be used in people with  angle closure glaucoma .   While 
there is no evidence that its use during pregnancy causes  birth defects , it has not been well 
studied.   It is likely safe during breastfeeding.   It is an  antimuscarinic  (a type of anticholinergic) 
that works by inhibiting the  parasympathetic nervous system .  
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Atropine occurs naturally in a number of plants of the  nightshade family  including  deadly 
nightshade ,  Jimson weed , and  mandrake .   It was first isolated in 1833.   It is on the  World Health 
Organization's List of Essential Medicines , the most effective and safe medicines needed in a 
health system .   It is available as a  generic medication  and is not very expensive.   A one-milligram 
vial costs between US$0.06 and US$0.44, wholesale, in the  developing world .  

Chemistry and pharmacology 
Atropine is an  enantiomeric  mixture of  d - hyoscyamine  and l-hyoscyamine, with most of its 
physiological effects due to l-hyoscyamine. Its pharmacological effects are due to binding to 
muscarinic  acetylcholine receptors . It is an antimuscarinic agent. Significant levels are achieved 
in the CNS within 30 minutes to 1 hour and disappears rapidly from the blood with a half-life of 2 
hours. About 60% is excreted unchanged in the urine, most of the rest appears in urine as 
hydrolysis and conjugation products. Effects on the iris and ciliary muscle may persist for longer 
than 72 hours. 
The most common atropine compound used in medicine is atropine  sulfate  (monohydrate) 
( C 17 H 23 N O 3 ) 2 · H 2 SO 4 · H 2 O , the full chemical name is 1α H, 5α H-Tropan-3-α ol (±)-tropate(ester), 
sulfate monohydrate. 
The vagus (parasympathetic) nerves that innervate the heart release acetylcholine (ACh) as 
their primary neurotransmitter. ACh binds to muscarinic receptors (M2) that are found principally 
on cells comprising the sinoatrial (SA) and atrioventricular (AV) nodes. Muscarinic receptors are 
coupled to the Gi-protein; therefore, vagal activation decreases cAMP. Gi-protein activation also 
leads to the activation of KACh channels that increase potassium efflux and hyperpolarizes the 
cells. 
Increases in vagal activities to the SA node decreases the firing rate of the pacemaker cells by 
decreasing the slope of the pacemaker potential (phase 4 of the action potential); this 
decreases heart rate (negative chronotropy). The change in phase 4 slope results from 
alterations in potassium and calcium currents, as well as the slow-inward sodium current that is 
thought to be responsible for the pacemaker current (If). By hyperpolarizing the cells, vagal 
activation increases the cell's threshold for firing, which contributes to the reduction in the firing 
rate. Similar electrophysiological effects also occur at the AV node; however, in this tissue, these 
changes are manifested as a reduction in impulse conduction velocity through the AV node 
(negative dromotropy). In the resting state, there is a large degree of vagal tone on the heart, 
which is responsible for low resting heart rates. 
There is also some vagal innervation of the atrial muscle, and to a much lesser extent, the 
ventricular muscle. Vagus activation, therefore, results in modest reductions in atrial contractility 
(inotropy) and even smaller decreases in ventricular contractility. 
Muscarinic receptor antagonists bind to muscarinic receptors thereby preventing ACh from 
binding to and activating the receptor. By blocking the actions of ACh, muscarinic receptor 
antagonists very effectively block the effects of vagal nerve activity on the heart. By doing so, 
they increase heart rate and conduction velocity. 
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Hyoscyamine 
Hyoscyamine (also known as daturine) is a  tropane alkaloid . It 
is a  secondary metabolite  found in certain plants of the family 
Solanaceae , including henbane ( Hyoscyamus   niger ), mandrake 
( Mandragora   officinarum ), jimsonweed ( Datura   stramonium ), 
tomato ( Solanum   lycopersicum ) and deadly nightshade ( Atropa   belladonna ). It is the  levorotary 
isomer  (same chemical formula but counterclockwise rotated structure) of  atropine  (third of the 
three major nightshade alkaloids) and thus sometimes known as levo-atropine. 
Brand names for hyoscyamine include Symax, HyoMax, Anaspaz, Egazil, Buwecon, Cystospaz, 
Levsin, Levbid, Levsinex, Donnamar, NuLev, Spacol T/S and Neoquess. 

Pharmacology 
Hyoscyamine is an antagonist of  muscarinic acetylcholine receptors  ( antimuscarinic ). It blocks 
the action of  acetylcholine  at  parasympathetic  sites in sweat glands, salivary glands, stomach 
secretions, heart muscle,  sinoatrial node , smooth muscle in the  gastrointestinal tract , and the 
central nervous system . It increases cardiac output and heart rate, lowers blood pressure and 
dries secretions. It may antagonize  serotonin .   At comparable doses, hyoscyamine has 98 per 
cent of the  anticholinergic  power of  atropine . The other major  belladonna -derived drug 
scopolamine  has 92 per cent of the antimuscarinic potency of atropine.  

Uses 
Hyoscyamine is used to provide symptomatic relief to various gastrointestinal disorders 
including spasms,  peptic ulcers ,  irritable bowel syndrome ,  diverticulitis ,  pancreatitis ,  colic  and 
cystitis . It has also been used to relieve some heart problems, control some of the symptoms of 
Parkinson's disease , as well as for control of respiratory symptoms (mucus secretions in 
patients with lung disease) "hyper-mucus secretions" and has also been used in palliative care 
for this purpose. 
It may also be useful in pain control for neuropathic pain treated with opioids as it increases the 
level of analgesia obtained. Several mechanisms are thought to contribute to this effect. The 
closely related drugs  atropine  and  scopolamine  and other members of the anticholinergic drug 
group like  cyclobenzaprine ,  trihexyphenidyl , and  orphenadrine  are also used for this purpose. 
When hyoscyamine is used along with opioids or other anti-peristaltic agents, measures to 
prevent constipation are especially important given the risk of paralytic  ileus . 

Side effects 
Side effects include dry mouth and throat, eye pain, blurred vision, restlessness, dizziness, 
arrhythmia , flushing, and faintness. An overdose will cause headache, nausea, vomiting, and 
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central nervous system symptoms including disorientation, hallucinations, euphoria, sexual 
arousal, short-term memory loss, and possible coma in extreme cases. The euphoric and 
sexual effects are stronger than those of  atropine  but weaker than those of  scopolamine , as well 
as  dicycloverine ,  orphenadrine ,  cyclobenzaprine ,  trihexyphenidyl , and ethanolamine 
antihistamines like  phenyltoloxamine . It can also act as a  diuretic .  

Scopolamine 
Hyoscine, also known as scopolamine,   is a 
medication used to treat  motion sickness  and 
postoperative nausea and vomiting .   It is also 
sometimes used before surgery to decrease  saliva . 

When used by injection, effects begin after about 20 
minutes and last for up to 8 hours.   It may also be 
used by mouth and as a  dermal patch .  

Common side effects include sleepiness,  blurred 
vision ,  dilated pupils , and dry mouth.   It is not recommended in people with  glaucoma  or  bowel 
obstruction .   It is unclear if use during pregnancy is safe; however, it appears to be safe during 
breastfeeding .   Hyoscine is in the  antimuscarinic  family of medications and works by blocking 
some of the effects of  acetylcholine  within the  nervous system .  

Hyoscine was first written about in 1881 and came into medical use in 1947.   It is on the  WHO 
Model List of Essential Medicines , the most effective and safe medicines needed in a  health 
system .   Hyoscine is produced from plants of the  nightshade family .   The name "scopolamine" is 
derived from one type of nightshade known as  Scopolia  while "hyoscine" is from another type 
known as  Hyoscyamus niger .  

Medical use 
Hyoscine has a number of uses in  medicine , where it is used to treat the following:  

● Postoperative nausea and vomiting  and  sea sickness , leading to its use by  scuba  divers  

● Motion sickness  (where it is often applied as a  transdermal patch  behind the  ear ) 
● Gastrointestinal  spasms 
● Renal  or  biliary  spasms 
● Aid in gastrointestinal  radiology  and  endoscopy 
● Irritable bowel syndrome 
● Clozapine -induced  hypersalivation  (drooling) 
● Bowel   colic 
● Eye   inflammation  

It is sometimes used as a  premedication  (especially to reduce  respiratory tract   secretions ) to 
surgery , mostly commonly by  injection .  
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Adverse effects 
Adverse effect incidence:  

Uncommon (0.1–1% incidence) adverse effects include: 
● Dry mouth 
● Dyshidrosis  (reduced ability to sweat in order to cool off) 
● Tachycardia  (usually occurs at higher doses and is succeeded by  bradycardia ) 
● Bradycardia 
● Urticaria  (hives) 
● Pruritus  (itching) 

Rare (<0.1% incidence) adverse effects include: 
● Constipation 
● Urinary retention 
● Hallucinations 
● Agitation 
● Confusion 
● Restlessness 
● Seizures 

Unknown frequency adverse effects include: 
● Anaphylactic shock 
● Anaphylactic reactions 
● Dyspnea  (shortness of breath) 
● Rash 
● Erythema 
● Other hypersensitivity reactions 
● Blurred vision 
● Mydriasis  (dilated pupils) 
● Drowsiness 
● Dizziness 
● Somnolence 

Overdose 
Physostigmine  is an  acetylcholinesterase inhibitor  that readily crosses the  blood-brain barrier , 
and has been used as an antidote to treat the  central nervous system depression  symptoms of 
a scopolamine overdose.   Other than this  supportive treatment ,  gastric lavage  and induced 
emesis (vomiting) are usually recommended as treatments for oral overdoses.   The symptoms of 
overdose include:  

● Tachycardia 
● Arrhythmia 
● Blurred vision 
● Photophobia 
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● Urinary retention 
● Drowsiness  or  paradoxical reaction  which can present with  hallucinations 
● Cheyne-Stokes  respiration 
● Dry mouth 
● Skin reddening 
● Inhibition  of  gastrointestinal motility 

Hospitalizations 
About one in five emergency room admissions for poisoning in  Bogotá ,  Colombia , have been 
attributed to scopolamine.   Most commonly, the victim has been poisoned by a robber that gave 
the victim a scoplamine-laced beverage, in the hope that the victim would become unconscious 
or unable to effectively resist the robbery.   In June 2008, more than 20 people were hospitalized 
with  psychosis  in  Norway  after ingesting counterfeit  Rohypnol  tablets containing scopolamine.  

Interactions 
Due to interactions with metabolism of other drugs, scopolamine can cause significant 
unwanted side effects when taken with other medications. Specific attention should be paid to 
other medications in the same  pharmacologic  class as scopolamine, also known as 
anticholinergics . The following medications could potentially interact with the metabolism of 
scopolamine:  analgesics /pain medications,  ethanol ,  zolpidem ,  thiazide diuretics ,  buprenorphine , 
anticholinergic drugs such as  tiotropium , etc. 

Route of administration 
Scopolamine can be taken by mouth,  subcutaneously ,  ophthalmically  and  intravenously , as well 
as via a  transdermal patch .   The transdermal patch (e.g., Transderm Scōp) for prevention of 
nausea and motion sickness employs scopolamine base, and is effective for up to three days. 

The oral, ophthalmic, and intravenous forms have shorter  half-lives  and are usually found in the 
form scopolamine  hydrobromide  (for example in Scopace, soluble 0.4 mg tablets or  Donnatal ). 
NASA  is currently developing a nasal administration method. With a precise dosage, the NASA 
spray formulation has been shown to work faster and more reliably than the oral form.  
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Mayapple ( Podophyllum peltatum ) 
Podophyllum  is an  herbaceous   perennial plant  in the family 
Berberidaceae , described as a genus by Linnaeus in 1753.   In the 
past, several species were included in the genus, but all but one 
have been transferred to other genera ( Dysosma ,  Pilea , and 
Sinopodophyllum ).   The one remaining species is  Podophyllum 
peltatum , with  common names  mayapple, American mandrake, 
wild mandrake,   and ground lemon.   It is widespread across most of 
the eastern United States and southeastern Canada.  

Mayapples are woodland plants, typically growing in  colonies 
derived from a single root. The stems grow to 30–40 cm tall, with 
palmately lobed umbrella-like  leaves  up to 20–40 cm diameter with 
3–9 shallowly to deeply cut lobes. The plants produce several stems 
from a creeping underground  rhizome ; some stems bear a single 
leaf and do not produce any  flower  or  fruit , while flowering stems 
produce a pair or more leaves with 1–8 flowers in the axil between 
the apical leaves. The flowers are white, yellow or red, 2–6 cm 
diameter with 6–9 petals, and mature into a green, yellow or red 
fleshy fruit 2–5 cm long.  

Toxicity 
All the parts of the plant are poisonous, including the green fruit, but 
once the fruit has turned yellow, it can be safely eaten with the 
seeds removed.  

The substance they contain ( podophyllotoxin  or  podophyllin ) is 
used as a  purgative  and as a  cytostatic .  Posalfilin  is a drug 
containing podophyllin and  salicylic acid  that is used to treat the  plantar wart . 
The unripe green fruit is toxic. The ripened yellow fruit is edible in small amounts, though when 
consumed in large amounts the fruit is poisonous. The rhizome, foliage 
and roots are also poisonous.   Mayapple contains  podophyllotoxin ,   which 
is highly toxic if consumed, but can be used as a topical medicine. 

Podophyllotoxin 
Podophyllotoxin (PPT), also known as podofilox, is a medical cream that 
is used to treat  genital warts  and  molluscum contagiosum . It is not 
recommended in  HPV infections  without external warts. It can be applied 
either by a healthcare provider or the person themselves. 
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It is a non- alkaloid   toxin   lignan  extracted from the roots and  rhizomes  of  Podophyllum   species.   A 
less refined form known as  podophyllum resin  is also available, but has greater side effects.  

Podophyllotoxin was isolated in 1880.   In the United Kingdom the price for the  NHS  of 3.5 ml of 
medication is about 14.49 pounds.   In the United States the price of a course of treatment is 
more than 200 USD.  

Medical uses 
Podophyllotoxin possesses a large number of medical applications and can be used as a 
cathartic ,  purgative ,  antiviral  agent,  vesicant , and  antihelminthic . Additionally, podophyllotoxin 
and its derivatives are precursors for anti-tumor agents such as  etoposide  and  teniposide .  

Adverse effects 
The most common side effects near the application site are skin reactions, including burning, 
redness, pain, itching, swelling.   Application can be immediately followed by burning or itching. 
Small sores, itching and peeling skin can also follow.  

Neither podophyllin resin nor podophyllotoxin lotions or gels are used during pregnancy 
because these medications can be harmful to the fetus.  

Overdose and toxicity 
While podophyllin, the herbal extract from which podophyllotoxin is derived, can cause  enteritis 
and potentially fatal  CNS depression , podophyllotoxin has been shown to be safe, with minimal 
toxicity even in large doses.  

Mechanism of action 
Podophyllotoxin destabilizes microtubules.   In contrast, some of its derivatives display binding 
activity to the enzyme  topoisomerase II  during the late S and early G2 stage. For instance, 
etoposide binds and stabilizes the temporary DNA break caused by the enzyme, disrupts the 
reparation of the break through which the double-stranded  DNA  passes, and consequently 
stops DNA unwinding and replication.   Mutants resistant to either podophyllotoxin, or to its 
topoisomerase II inhibitory derivatives such as etoposide (VP-16), have been described in 
Chinese hamster cells.   The mutually exclusive cross-resistance patterns of these mutants 
provide a highly specific mean to distinguish the two kinds of podophyllotoxin derivatives.   Mutant 
Chinese hamster cells resistant to podophyllotoxin are affected in a protein P1 that was later 
identified as the mammalian  HSP60  or  chaperonin protein.  
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Ongaonga ( Urtica ferox ) 
 
Urtica ferox , commonly known as tree nettle, or ongaonga 
in Māori, is a nettle that is endemic to New Zealand. It is 
sometimes known as "Taraonga", "Taraongaonga" or 
"Okaoka". Unlike other herbaceous species in the  Urtica 
genus, ongaonga is a large woody shrub. It has woody 
stems and unusually large stinging spines that can result 
in a painful sting that lasts several days. The shrub can 
grow to a height of 3 m (9.8 ft) with the base of the stem 
reaching 12 cm (4.7 in) in thickness. The pale green 
leaves are very thin like a membrane, the surface of the leaf, stems and stalks are covered in 
stiff stinging hairs can grow up to 6 mm (0.24 in) long. These spines are prominent along the 
salient mid-vein and leaf margin. The leaves range from 3–5 cm (1.2–2.0 in) in width and 8–12 
cm (3.1–4.7 in) in length, these are oppositely arranged and there are two stipules per node. 
The leaf shape is ovulate-triangulate with a serrated leaf margin each bearing a spine of up to 1 
m (3 ft 3 in). The spines covering the leaf surface, stem and stalk are generally no larger than 6 
mm (0.24 in) in length, the spines on the older darker bark are smaller and softer, these don't 
cause a sting. This nettle is winter deciduous in cold climates, evergreen in mild climates and 
can lose its leaves in drought conditions if it is growing in shallow soils. 
The toxin present in the spines is  triffydin  (or  tryfydin ). This toxin contains histamine, serotonin 
and acetylcholine, the last of which causes powerful stimulation of the parasympathetic nerve 
system. Multiple stingings can have a very painful reaction which causes inflammation, a rash, 
itching, and in high concentrations loss of motor movement, paralysis, drop in blood pressure, 
convulsions, blurred vision and confusion. The toxin from 5 spines is enough to kill a guinea pig. 
There has been one recorded human death from contact—a lightly clad hunter who died five 
hours after walking through a dense patch. Acute polyneuropathy can occur due to  U. ferox 
stings. 

Distribution 
The tree nettle is an endemic species to New Zealand which inhabits sub-tropical and 
temperate regions, the plant is very common in the North Island but limited in the South. In the 
South it's commonly found on the West Coast and on Banks Peninsula, the plant is not 
commonly found east of Otago where the climate is much drier. The tree nettle can also be 
found on Stewart Island. The shrub commonly inhabits coastal and lowland areas at altitudes 
between sea level and 600m above sea level. It can be found on its own or in dense thickets 
and is often found growing along forest margins. It prefers well lit environments so suits stock 
damaged bush, in tree fall gaps and on steep and unstable slopes. 

 



 

Life cycle/phenology 
Among the periods of November to March, the tree nettle flowers. Because the tree nettle is a 
dioecious shrub, it will cross pollinate. The pollen of male flowers can transfer to the female 
flowers through wind. These pollen grains can be collected by female dense stigmas. When 
pollen arrives in the female flowers, the pollination of female flowers will begin. Then in January, 
the fruit of tree nettle mature. The seed of tree nettle is one and half millimeters long and brown 
color, ovoid shape like. When the seed is planted in the environment which has more light and 
water, it will take one month to germinate. One study found that the seeds germinate after one 
month in soil, the seeds germinate throughout winter and spring of the year they are dropped. In 
this study cited out of the 5 different Woody seeding species Urtica ferox had the lowest 
germination rate of 59% compared to >85% of the other similar species, the author surmise that 
Tree Nettle is capable of building up a large seed bank in the soil which will survive for 5 – 15 
years. Seed dispersal is carried out by rolling, wind and in the gut of birds, the seeds are 
achenes and are surrounded by a persistent perianth which contribute to the long lived seed 
bank it produces. This is important for the ecological niche that it inhabits, we can surmise that it 
doesn’t do well competitively with the other species in its environment due to its growth on 
boundary zones, an adaption for long lived seed banks are therefore advantageous as it must 
wait for clearing and collapse of the larger dominating species before it can take hold. 

Histamine 
 
Histamine is an organic  nitrogenous  compound 
involved in local  immune responses  as well as 
regulating physiological function in the gut and acting 
as a  neurotransmitter  for the brain, spinal cord and 
uterus.   Histamine is involved in the  inflammatory 
response  and has a central role as a mediator of  itching .   As part of an immune response to 
foreign  pathogens , histamine is produced by  basophils  and by  mast cells  found in nearby 
connective tissues. Histamine increases the permeability of the capillaries to white blood cells 
and some proteins, to allow them to engage pathogens in the infected tissues.  
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Storage and release 

 
Mast cells. 
 
Most histamine in the body is generated in granules in  mast cells  and in white blood cells 
(leukocytes) called  basophils . Mast cells are especially numerous at sites of potential injury — 
the nose, mouth, and feet, internal body surfaces, and blood vessels. Non-mast cell histamine is 
found in several tissues, including the  brain , where it functions as a neurotransmitter. Another 
important site of histamine storage and release is the  enterochromaffin-like (ECL) cell  of the 
stomach . 
The most important pathophysiologic mechanism of mast cell and basophil histamine release is 
immunologic . These cells, if sensitized by  IgE   antibodies  attached to their  membranes , 
degranulate  when exposed to the appropriate  antigen . Certain  amines  and  alkaloids , including 
such drugs as  morphine , and  curare  alkaloids, can displace histamine in granules and cause its 
release.  Antibiotics  like  polymyxin  are also found to stimulate histamine release. 
Histamine release occurs when allergens bind to mast-cell-bound IgE antibodies. Reduction of 
IgE overproduction may lower the likelihood of allergens finding sufficient free IgE to trigger a 
mast-cell-release of histamine. 

Roles in the body 
Although histamine is small compared to other biological molecules (containing only 17 atoms), 
it plays an important role in the body. It is known to be involved in 23 different physiological 
functions. Histamine is known to be involved in many physiological functions because of its 
chemical properties that allow it to be versatile in binding. It is Coulombic (able to carry a 
charge), conformational, and flexible. This allows it to interact and bind more easily.  
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Vasodilation and a fall in blood pressure 
When injected intravenously, histamine causes most blood vessels to dilate, and hence causes 
a fall in the blood pressure.   This is a key mechanism in  anaphylaxis , and is thought to be 
caused when histamine releases  nitric oxide ,  endothelium-derived hyperpolarizing factors  and 
other compounds from the endothelial cells. 

Effects on nasal mucous membrane 
Increased vascular permeability causes fluid to escape from capillaries into the tissues, which 
leads to the classic symptoms of an allergic reaction: a runny nose and watery eyes. Allergens 
can bind to  IgE -loaded  mast cells  in the  nasal cavity 's  mucous membranes . This can lead to 
three clinical responses:  

1. sneezing due to histamine-associated sensory neural stimulation 
2. hyper- secretion  from glandular tissue 
3. nasal congestion due to vascular engorgement associated with  vasodilation  and 

increased  capillary   permeability 

Sleep-wake regulation 
Histamine is released as a neurotransmitter. The cell bodies of histamine neurons are found in 
the posterior  hypothalamus , in the  tuberomammillary nuclei . From here, these neurons project 
throughout the brain, including to the  cortex , through the  medial forebrain bundle . Histamine 
neurons increase wakefulness and prevent  sleep .   Classically,  antihistamines  (H 1  histamine 
receptor antagonists) which cross the blood-brain barrier produce drowsiness. Newer 
antihistamines are designed to not cross into the brain and thus are less likely to cause 
sedation, although individual reactions, concomitant medications and dosage may increase the 
sedative effect. Similar to the effect of older antihistamines, destruction of histamine releasing 
neurons, or inhibition of histamine synthesis leads to an inability to maintain  vigilance . Finally,  H 3 
receptor antagonists  increase wakefulness. 
Histaminergic neurons have a wakefulness-related firing pattern. They fire rapidly during 
waking, fire more slowly during periods of relaxation/tiredness and completely stop firing during 
REM  and  NREM  (non-REM) sleep. 

Gastric acid release 
Enterochromaffin-like cells , located within the gastric glands of the stomach, release histamine 
that stimulates nearby  parietal cells  by binding to the apical H 2  receptor. Stimulation of the 
parietal cell induces the uptake of carbon dioxide and water from the blood, which is then 
converted to carbonic acid by the enzyme carbonic anhydrase. Inside the cytoplasm of the 
parietal cell, the carbonic acid readily dissociates into hydrogen and bicarbonate ions. The 
bicarbonate ions diffuse back through the basilar membrane and into the bloodstream, while the 
hydrogen ions are pumped into the lumen of the stomach via a  K + /H +  ATPase pump . Histamine 
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release is halted when the pH of the stomach starts to decrease.  Antagonist  molecules, like 
ranitidine , block the H 2  receptor and prevent histamine from binding, causing decreased 
hydrogen ion secretion. 

Protective effects 
While histamine has stimulatory effects upon neurons, it also has suppressive ones that protect 
against the susceptibility to  convulsion , drug sensitization,  denervation supersensitivity , 
ischemic lesions and stress.   It has also been suggested that histamine controls the mechanisms 
by which memories and learning are forgotten.  

Erection and sexual function 
Libido loss and erectile failure can occur during treatment with histamine H 2  receptor 
antagonists such as  cimetidine ,  ranitidine , and  risperidone .   The injection of histamine into the 
corpus cavernosum  in men with psychogenic impotence produces full or partial erections in 
74% of them.   It has been suggested that H 2  antagonists may cause sexual difficulties by 
reducing the uptake [ clarification needed ]  of testosterone.  

Schizophrenia 
Metabolites of histamine are increased in the cerebrospinal fluid of people with  schizophrenia , 
while the efficiency of H 1  receptor binding sites is decreased. Many atypical  antipsychotic 
medications have the effect of increasing histamine production, because histamine levels seem 
to be imbalanced in people with that disorder.  

Multiple sclerosis 
Histamine therapy for treatment of  multiple sclerosis  is currently being studied. The different H 
receptors have been known to have different effects on the treatment of this disease. The H 1 
and H 4  receptors, in one study, have been shown to be counterproductive in the treatment of 
MS. The H 1 and H 4  receptors are thought to increase permeability in the blood-brain barrier, thus 
increasing infiltration of unwanted cells in the central nervous system. This can cause 
inflammation, and MS symptom worsening. The H 2  and H 3  receptors are thought to be helpful 
when treating MS patients. Histamine has been shown to help with T-cell differentiation. This is 
important because in MS, the body's immune system attacks its own myelin sheaths on nerve 
cells (which causes loss of signaling function and eventual nerve degeneration). By helping T 
cells to differentiate, the T cells will be less likely to attack the body's own cells, and instead 
attack invaders.  
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Serotonin 
Serotonin ( /ˌsɛrəˈtoʊnɪn, ˌsɪərə-/   ) or 
5-hydroxytryptamine (5-HT) is a  monoamine 
neurotransmitter . Biochemically derived from 
tryptophan ,   serotonin is primarily found in the 
gastrointestinal tract  (GI tract), blood  platelets , and the 
central nervous system  (CNS) of animals, including 
humans. It is popularly thought to be a contributor to 
feelings of well-being and  happiness .  

Approximately 90% of the  human body 's total serotonin is located in the  enterochromaffin cells 
in the GI tract, where it is used to regulate intestinal movements.   The serotonin is secreted 
luminally  and  basolaterally  which leads to increased serotonin uptake by circulating platelets 
and activation after stimulation, which gives increased stimulation of myenteric neurons and 
gastrointestinal motility .   The remainder is synthesized in  serotonergic   neurons  of the CNS, 
where it has various functions. These include the regulation of  mood ,  appetite , and  sleep . 
Serotonin also has some cognitive functions, including memory and learning. Modulation of 
serotonin at synapses is thought to be a major action of several classes of pharmacological 
antidepressants. 
Serotonin secreted from the  enterochromaffin cells  eventually finds its way out of tissues into 
the blood. There, it is actively taken up by blood  platelets , which store it. When the platelets bind 
to a clot, they release serotonin, where it can serve as a  vasoconstrictor  and/or a vasodilator 
while regulating  hemostasis  and blood clotting. In high concentrations, serotonin acts as a 
vasoconstrictor by contracting endothelial smooth muscle directly or by potentiating the effects 
of other vasoconstrictors (e.g. angiotensin II, norepinephrine). The vasoconstrictive property is 
mostly seen in pathologic states affecting the endothelium such as atherosclerosis or chronic 
hypertension. In physiologic states, vasodilation occurs through the serotonin mediated release 
of nitric oxide from endothelial cells. Additionally, it inhibits the release of norepinephrine from 
adrenergic nerves.   Serotonin is also a growth factor for some types of cells, which may give it a 
role in wound healing. There are various  serotonin receptors . 
Serotonin is metabolized mainly to  5-HIAA , chiefly by the liver. Metabolism involves first 
oxidation  by  monoamine oxidase  to the corresponding  aldehyde . This is followed by oxidation 
by  aldehyde dehydrogenase  to 5-HIAA, the indole acetic acid derivative. The latter is then 
excreted by the kidneys. 
Aside from mammals it is found in all  bilateral animals  including worms and insects, as well as 
in  fung i and  plants . Serotonin's presence in insect venoms and plant spines serves to cause 
pain, which is a side-effect of serotonin injection.   Serotonin is produced by pathogenic 
amoebae, and its effect in the human gut is diarrhea.   Its widespread presence in many seeds 
and fruits may serve to stimulate the digestive tract into expelling the seeds.  
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Acetylcholine 
Acetylcholine (ACh) is an  organic chemical  that functions in the brain and body of many types of 
animals, including humans, as a  neurotransmitter —a chemical released by nerve cells to send 
signals to other cells. Its name is derived from its chemical structure: it is an  ester  of  acetic acid 
and  choline . Parts in the body that use or are affected by acetylcholine are referred to as 
cholinergic . Substances that interfere with acetylcholine activity are called  anticholinergics . 
Acetylcholine is the neurotransmitter used at the  neuromuscular junction —in other words, it is 
the chemical that  motor neurons  of the nervous system release in order to activate muscles. 
This property means that drugs that affect cholinergic systems can have very dangerous effects 
ranging from paralysis to convulsions. Acetylcholine is also used as a neurotransmitter in the 
autonomic nervous system , both as an internal transmitter for the  sympathetic nervous system 
and as the final product released by the  parasympathetic nervous system . 

In the brain, acetylcholine functions as a  neurotransmitter  and as a  neuromodulator . The brain 
contains a number of cholinergic areas, each with distinct functions. They play an important role 
in arousal, attention, memory and motivation. 
Partly because of its muscle-activating function, but also because of its functions in the 
autonomic nervous system and brain, a large number of important drugs exert their effects by 
altering cholinergic transmission. Numerous venoms and toxins produced by plants, animals, 
and bacteria, as well as chemical  nerve agents  such as  Sarin , cause harm by inactivating or 
hyperactivating muscles via their influences on the neuromuscular junction. Drugs that act on 
muscarinic acetylcholine receptors , such as  atropine , can be poisonous in large quantities, but 
in smaller doses they are commonly used to treat certain heart conditions and eye problems. 
Scopolamine , which acts mainly on muscarinic receptors in the brain, can cause  delirium  and 
amnesia . The addictive qualities of nicotine are derived from its effects on  nicotinic acetylcholine 
receptors  in the brain. 

Pharmacology 
Blocking, hindering or mimicking the action of acetylcholine has many uses in medicine. Drugs 
acting on the acetylcholine system are either agonists to the receptors, stimulating the system, 
or antagonists, inhibiting it. Acetylcholine receptor agonists and antagonists can either have an 
effect directly on the receptors or exert their effects indirectly, e.g., by affecting the enzyme 
acetylcholinesterase , which degrades the receptor ligand. Agonists increase the level of 
receptor activation, antagonists reduce it. 
Acetylcholine itself does not have therapeutic value as a drug for intravenous administration 
because of its multi-faceted action(non-selective) and rapid inactivation by cholinesterase. 
However, it is used in the form of eye drops to cause constriction of the pupil during cataract 
surgery, which facilitates quick post-operational recovery. 
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Nicotine 
Nicotine binds to and activates  nicotinic acetylcholine receptors , mimicking the effect of 
acetylcholine at these receptors. When ACh interacts with a nicotinic ACh receptor, it opens a 
Na+ channel and Na+ ions flow into the membrane. This causes a depolarization, and results in 
an EPSP. Thus, ACh is excitatory on skeletal muscle; the electrical response is fast and 
short-lived. 

Atropine 
Atropine is a non-selective competitive antagonist with Acetylcholine at muscarinic receptors. 

Cholinesterase inhibitors 
Main article:  Cholinesterase inhibitors 
Many ACh receptor agonists work indirectly by inhibiting the enzyme  acetylcholinesterase . The 
resulting accumulation of acetylcholine causes continuous stimulation of the muscles, glands, 
and central nervous system, which can result in fatal convulsions if the dose is high. 
They are examples of  enzyme inhibitors , and increase the action of acetylcholine by delaying its 
degradation; some have been used as  nerve agents ( Sarin  and  VX  nerve gas) or  pesticides 
( organophosphates  and the  carbamates ). Many toxins and venoms produced by plants and 
animals also contain cholinesterase inhibitors. In clinical use, they are administered in low 
doses to reverse the action of  muscle relaxants , to treat  myasthenia gravis , and to treat 
symptoms of  Alzheimer's disease  ( rivastigmine , which increases cholinergic activity in the 
brain). 

Curare 
Main article:  Curare 

Synthesis inhibitors 
Organic  mercurial  compounds, such as  methylmercury , have a high affinity for  sulfhydryl 
groups , which causes dysfunction of the enzyme choline acetyltransferase. This inhibition may 
lead to acetylcholine deficiency, and can have consequences on motor function. 

Release inhibitors 
Botulinum toxin  (Botox) acts by suppressing the release of acetylcholine, whereas the venom 
from a  black widow spider  ( alpha-latrotoxin ) has the reverse effect. ACh inhibition causes 
paralysis . When bitten by a  black widow spider , one experiences the wastage of ACh supplies 
and the muscles begin to contract. If and when the supply is depleted,  paralysis  occurs. 
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Evolutionary history 
Acetylcholine is used by animals in all domains of life for a variety of purposes. It is believed that 
choline, a precursor to acetylcholine, was used by single celled organisms billions of years ago 
for synthesizing cell membrane phospholipids.   Following the evolution of choline transporters, 
the abundance of intracellular choline paved the way for choline to become incorporated into 
other synthetic pathways, including acetylcholine production. Acetylcholine is now used by 
bacteria, fungi, and a variety of other animals. Interestingly, many of the uses of acetylcholine 
rely on its action on ion channels. 
The two major types of acetylcholine receptors, muscarinic and nicotinic receptors, have 
convergently evolved to be responsive to acetylcholine. This means that rather than having 
evolved from a common homolog, these receptors evolved from separate receptor families. It is 
estimated that the nicotinic receptor family dates back longer than 2.5 billion years.   Likewise, 
muscarinic receptors are thought to have diverged from other GPCRs at least 0.5 billion years 
ago. Both of these receptor groups have evolved numerous subtypes with unique ligand 
affinities and signaling mechanisms. The diversity of the receptor types enables acetylcholine to 
creating varying responses depending on which receptor types are activated, and allow for 
acetylcholine to dynamically regulate physiological processes. 

Biochemical mechanisms 
Acetylcholine is synthesized in certain  neurons  by the  enzyme   choline acetyltransferase  from 
the compounds  choline  and  acetyl-CoA . Cholinergic neurons are capable of producing ACh. An 
example of a central cholinergic area is the nucleus basalis of Meynert in the basal forebrain.  

The enzyme  acetylcholinesterase  converts acetylcholine into the inactive  metabolites   choline 
and  acetate . This enzyme is abundant in the synaptic cleft, and its role in rapidly clearing free 
acetylcholine from the synapse is essential for proper muscle function. Certain  neurotoxins  work 
by inhibiting acetylcholinesterase, thus leading to excess acetylcholine at the  neuromuscular 
junction , causing paralysis of the muscles needed for breathing and stopping the beating of the 
heart. 

Chemistry 
Acetylcholine is a choline molecule that has been acetylated at the oxygen atom. Because of 
the presence of a highly polar, charged ammonium group, acetylcholine does not penetrate lipid 
membranes. Because of this, when the drug is introduced externally, it remains in the 
extracellular space and does not pass through the blood–brain barrier. A synonym of this drug is 
miochol . 
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Cane toad ( Rhinella marina ) 

 
Adult male Adult female 
 

The cane toad ( Rhinella marina ), also known as the giant neotropical toad or marine toad, is a 
large,  terrestrial   true toad  which is native to  South  and mainland  Central America , but has been 
introduced  to various islands throughout  Oceania  and the  Caribbean , as well as  Northern 
Australia . It is a member of the genus  Rhinella , but was formerly in the genus  Bufo , which 
includes many different true toad  species  found throughout Central and South America. The 
cane toad is a prolific breeder; females lay single-clump  spawns with  thousands of  eggs . Its 
reproductive success is partly because of opportunistic feeding: it has a diet, unusual among 
anurans , of both dead and living matter. Adults average 10–15 cm (3.9–5.9 in) in length; the 
largest recorded specimen had a snout-vent length of 24 cm (9.4 in).  

The cane toad is an old species. A fossil toad (specimen UCMP 41159) from the  La Venta fauna 
of the late  Miocene  of  Colombia  is indistinguishable from modern cane toads from northern 
South America.   It was discovered in a floodplain deposit, which suggests the  R. marina  habitat 
preferences have long been for open areas.  

The cane toad has poison  glands , and the  tadpoles  are highly toxic to most animals if ingested. 
Because of its voracious appetite, the cane toad has been introduced to many regions of the 
Pacific and the Caribbean islands as a method of agricultural  pest control . The species derives 
its common name from its use against the  cane beetle  ( Dermolepida albohirtum ). The cane toad 
is now considered a pest and an  invasive species  in many of its introduced regions; of particular 
concern is its toxic skin, which kills many animals, both wild and domesticated. Cane toads are 
particularly dangerous to dogs.  

 

https://en.wikipedia.org/wiki/Terrestrial_animal
https://en.wikipedia.org/wiki/True_toad
https://en.wikipedia.org/wiki/South_America
https://en.wikipedia.org/wiki/Central_America
https://en.wikipedia.org/wiki/Introduced_species
https://en.wikipedia.org/wiki/Oceania
https://en.wikipedia.org/wiki/Caribbean
https://en.wikipedia.org/wiki/Northern_Australia
https://en.wikipedia.org/wiki/Northern_Australia
https://en.wikipedia.org/wiki/Rhinella
https://en.wikipedia.org/wiki/Bufo
https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Spawn_(biology)
https://en.wikipedia.org/wiki/Egg_(biology)
https://en.wikipedia.org/wiki/Frog
https://en.wikipedia.org/wiki/Cane_toad#cite_note-ufwildlife.ifas.ufl.edu-5
https://en.wikipedia.org/wiki/La_Venta_(Colombia)
https://en.wikipedia.org/wiki/Miocene
https://en.wikipedia.org/wiki/Colombia
https://en.wikipedia.org/wiki/Cane_toad#cite_note-6
https://en.wikipedia.org/wiki/Cane_toad#cite_note-7
https://en.wikipedia.org/wiki/Gland
https://en.wikipedia.org/wiki/Tadpole
https://en.wikipedia.org/wiki/Pest_control
https://en.wikipedia.org/wiki/Cane_beetle
https://en.wikipedia.org/wiki/Invasive_species
https://en.wikipedia.org/wiki/Cane_toad#cite_note-8


 

Description 

 
Young cane toad 
 
The cane toad is very large;   the females are significantly longer than males,   reaching an 
average length of 10–15 cm (3.9–5.9 in),   with a maximum of 24 cm (9.4 in).   Larger toads tend to 
be found in areas of lower population density.   They have a life expectancy of 10 to 15 years in 
the wild,   and can live considerably longer in captivity, with one specimen reportedly surviving for 
35 years.  

The skin of the cane toad is dry and warty.   It has distinct ridges above the eyes, which run down 
the snout.   Individual cane toads can be grey, yellowish, red-brown, or olive-brown, with varying 
patterns.   A large parotoid gland lies behind each eye.   The ventral surface is cream-coloured and 
may have blotches in shades of black or brown. The pupils are horizontal and the irises golden. 

The toes have a fleshy webbing at their base,   and the fingers are free of webbing.  

Typically, juvenile cane toads have smooth, dark skin, although some specimens have a red 
wash. Juveniles lack the adults' large parotoid glands, so they are usually less poisonous.   The 
tadpoles  are small and uniformly black, and are bottom-dwellers, tending to form  schools . 

Tadpoles range from 10 to 25 mm (0.39 to 0.98 in) in length.  

Ecology, behavior, and life history 
The common name "marine toad" and the scientific name Rhinella marina suggest a link to 
marine life ,   but the adult cane toad is entirely terrestrial, only venturing to fresh water to breed. 
However, laboratory experiments suggest that  tadpoles  can tolerate salt concentrations 
equivalent to 15% of  seawater  (~5.4‰),   and recent field observations found living tadpoles and 
toadlets at salinities of 27.5‰ on  Coiba Island ,  Panama .   The cane toad inhabits open grassland 
and woodland, and has displayed a "distinct preference" for areas modified by humans, such as 
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gardens and drainage ditches.   In their native habitats, the toads can be found in subtropical 
forests,   although dense foliage tends to limit their dispersal.  

The cane toad begins life as an egg, which is laid as part of long strings of jelly in water. A 
female lays 8,000–25,000 eggs at once and the strings can stretch up to 20 m (66 ft) in length. 

The black eggs are covered by a membrane and their diameter is about 1.7–2.0 mm 
(0.067–0.079 in).   The rate at which an egg grows into a tadpole increases with temperature. 
Tadpoles typically hatch within 48 hours, but the period can vary from 14 hours to almost a 
week.   This process usually involves thousands of tadpoles—which are small, black, and have 
short tails—forming into groups. Between 12 and 60 days are needed for the tadpoles to 
develop into juveniles, with four weeks being typical.   Similarly to their adult counterparts, eggs 
and tadpoles are toxic to many animals.  

When they emerge, toadlets typically are about 10–11 mm (0.39–0.43 in) in length, and grow 
rapidly. While the rate of growth varies by region, time of year, and gender, an average initial 
growth rate of 0.647 mm (0.0255 in) per day is seen, followed by an average rate of 0.373 mm 
(0.0147 in) per day. Growth typically slows once the toads reach sexual maturity.   This rapid 
growth is important for their survival; in the period between metamorphosis and subadulthood, 
the young toads lose the toxicity that protected them as eggs and tadpoles, but have yet to fully 
develop the parotoid glands that produce  bufotoxin .   Because they lack this key defence, only an 
estimated 0.5% of cane toads reach adulthood.  

As with rates of growth, the point at which the toads become sexually mature varies across 
different regions. In New Guinea, sexual maturity is reached by female toads with a snout–vent 
length between 70 and 80 mm (2.8 and 3.1 in), while toads in  Panama  achieve maturity when 
they are between 90 and 100 mm (3.5 and 3.9 in) in length.   In tropical regions, such as their 
native habitats, breeding occurs throughout the year, but in subtropical areas, breeding occurs 
only during warmer periods that coincide with the onset of the  wet season .  

The cane toad is estimated to have a critical thermal maximum of 40–42 °C (104–108 °F) and a 
minimum of around 10–15 °C (50–59 °F).   The ranges can change due to adaptation to the local 
environment.   The cane toad has a high tolerance to water loss; some can withstand a 52.6% 
loss of body water, allowing them to survive outside tropical environments.  

Diet 
Most frogs identify prey by movement, and vision appears to be the primary method by which 
the cane toad detects prey; however, the cane toad can also locate food using its sense of 
smell.   They eat a wide range of material; in addition to the normal prey of small  rodents ,  reptiles , 
other  amphibians ,  birds , and even  bats  and a range of  invertebrates , they also eat plants, dog 
food, and household refuse.  
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Specimen from  El Salvador : The large parotoid glands are visible behind the eyes. 

Defenses 
The skin of the adult cane toad is toxic, as well as the enlarged parotoid glands behind the eyes, 
and other glands across their backs. When the toads are threatened, their glands secrete a 
milky-white fluid known as  bufotoxin .   Components of bufotoxin are toxic to many animals;   even 
human deaths have been recorded due to the consumption of cane toads.  

Bufotenin , one of the chemicals excreted by the cane toad, is classified as a class-1 drug under 
Australian law, alongside  heroin  and  cannabis . The effects of bufotenin are thought to be similar 
to those of mild poisoning; the stimulation, which includes mild  hallucinations , lasts for less than 
an hour.   As the cane toad excretes bufotenin in small amounts, and other toxins in relatively 
large quantities,  toad licking  could result in serious illness or death.  

In addition to releasing toxin, the cane toad is capable of inflating its lungs, puffing up, and lifting 
its body off the ground to appear taller and larger to a potential predator.  

Poisonous sausages containing toad meat are being trialled in the Kimberley (Western 
Australia) to try to protect native animals from cane toads' deadly impact. The Western 
Australian Department of Environment and Conservation has been working with the University 
of Sydney to develop baits to train native animals not to eat the toads. By blending bits of toad 
with a nausea-inducing chemical, the baits train the animals to stay away from the amphibians. 
Researcher David Pearson says trials run in laboratories and in remote parts of the Kimberley 
region of WA are looking promising, although the baits will not solve the cane toad problem 
altogether.  

Predators 
Many species prey on the cane toad and its tadpoles in its native habitat, including the 
broad-snouted caiman  (Caiman latirostris), the  banded cat-eyed snake  (Leptodeira annulata), 
eels (family  Anguillidae ), various species of  killifish ,   the rock flagtail ( Kuhlia  rupestris), some 
species of  catfish (order Siluriformes), some species of  ibis  (subfamily Threskiornithinae),   and 
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Paraponera clavata  (bullet ants). Predators outside the cane toad's native range include the 
whistling kite  (Haliastur sphenurus), the  rakali  (Hydromys chrysogaster), the  black rat  (Rattus 
rattus) and the  water monitor (Varanus salvator). The  tawny frogmouth  (Podargus strigoides) 
and the  Papuan frogmouth  (Podargus papuensis)   have been reported as feeding on cane toads; 
some Australian crows ( Corvus  spp.) have also learned strategies allowing them to feed on 
cane toads, such as using their beak to flip toads onto their back.   Opossums of the  Didelphis 
genus likely can eat cane toads with impunity.   Meat ants  are unaffected by the cane toads' 
toxins, and therefore are able to kill them.   The cane toad's normal response to attack is to stand 
still and let its toxin kill the attacker, which allows the ants to attack and eat the toad.  

Distribution 
The cane toad is native to the Americas, and its range stretches from the  Rio Grande Valley  in 
South Texas  to the central  Amazon  and southeastern  Peru , and some of the continental islands 
near  Venezuela  (such as  Trinidad  and  Tobago ).   This area encompasses both  tropical  and 
semiarid  environments. The density of the cane toad is significantly lower within its native 
distribution than in places where it has been introduced. In South America, the density was 
recorded to be 20 adults per 100 m (109 yd) of shoreline, 1 to 2% of the density in Australia.  

Bufotoxin 
Bufotoxins are a family of toxic  steroid   lactones . They occur in the  parotoid glands , skin and 
poison of many  toads  ( genus   Bufo ) and other amphibians, and in some plants and mushrooms. 

The exact composition varies greatly with the specific source of the toxin. It can contain: 
5-MeO-DMT ,  bufagins ,  bufalin ,  bufotalin ,  bufotenin ,  bufothionine ,  epinephrine ,  norepinephrine , 
and  serotonin . The term bufotoxin can also be used specifically to describe the conjugate of a 
bufagin with suberylargine.  

The toxic substances found in toads can be divided by chemical structure in two groups: 
● bufadienolides  which are  cardiac glycosides  (e.g. bufotalin, bufogenin) 
● tryptamine  related substances (e.g. bufotenin) 

Pacific newt ( Taricha sp ) 
The genus  Taricha  consists of four species of 
newts in the family  Salamandridae .   Their common 
name is Pacific newts, sometimes also western 
newts   or roughskin newts. The four species within 
this genus are the  California newt , the 
rough-skinned newt , the  red-bellied newt , and the 
sierra newt , all of which are found on the Pacific 
coastal region from southern Alaska to southern 
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California, with one species possibly ranging into northern Baja California, Mexico. 

Species 
Genus  Taricha  contains the following species:  

● Taricha granulosa  (Skilton, 1849) —  Rough-skinned newt 
● Taricha rivularis  (Twitty, 1935) —  Red-bellied newt 
● Taricha sierrae  (Twitty, 1942) —  Sierra newt 
● Taricha torosa  (Rathke, 1833) —  California newt 

Differentiating between species 
The rough-skinned newt and the California newt are very similar in appearance, and it can be 
extremely difficult to differentiate between the species. Both are light-brown to black on the 
upper body and orange to yellow on the underbelly. They have granulated skin, and they may 
grow to a length of eight inches. However, rough-skinned newts have small eyes with dark lower 
eyelids, while California newts have large eyes and light lower eyelids. Also, rough-skinned 
newts' upper teeth form a V shape, while those of the California newt form a Y shape, but this is 
difficult to ascertain on a living specimen.  

The red-bellied newt is brown on the upper body with a red underbelly, has grainy skin, and 
grows to between 5.5 and 7.5 in. It can be distinguished from other coastal newts, not only by its 
red belly, but also by the lack of yellow in its eyes. Breeding males develop smooth skin and a 
flattened tail.  

Behavior 
Taricha  spp. eat a diet largely consisting of  invertebrates , though adults will also take fish and 
amphibian eggs.   Most predators associate bright colors with poison (called  aposematism ), so if 
attacked, the newt will take up a defensive position, showing off the bright underbelly.   Newts of 
this genus are primarily  nocturnal , and may be either fully  aquatic  or semiaquatic. None are fully 
terrestrial  as they must enter the water to breed. Juvenile newts, which are known as " efts ", are 
primarily terrestrial until they reach  sexual maturity .  

Toxicity 
All species within the genus  Taricha  possess the biotoxin  tetrodotoxin . However, toxicity varies 
between species and between populations within a species.   In general, the rough-skinned newt 
is the most toxic species. Their populations in northern  Oregon  are more toxic than those from 
California  and  Washington . Those on  Vancouver Island , in  British Columbia , possess little or no 
tetrodotoxin.  

Taricha newts can be lethal to humans if ingested, and at least one human fatality occurred in 
Oregon from eating a rough-skinned newt.  Eastern newts  of the genus  Notophthalmus  (= 
Diemictylus  of earlier authors) also secrete tetrodotoxin, but in lesser amounts. When handling 
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Taricha  specimens, the toxins should not be allowed to come in contact with broken skin or 
mucous membranes . Proper hand washing after handling should prevent any problems with 
ingestion of tetrodotoxin (as well as infection from  Salmonella   which newts may carry),   though 
some individuals are known to be allergic to skin contact with the toxin. 

Tetrodotoxin 
Tetrodotoxin (TTX) is a potent  neurotoxin . Its name 
derives from  Tetraodontiformes , an order that 
includes  pufferfish ,  porcupinefish ,  ocean sunfish , 
and  triggerfish ; several of these species carry the 
toxin. Although tetrodotoxin was discovered in 
these fish and found in several other aquatic 
animals (e.g., in  blue-ringed octopuses ,  rough-skinned newts , and  moon snails ), it is actually 
produced by certain infecting or  symbiotic   bacteria  like  Pseudoalteromonas ,  Pseudomonas , and 
Vibrio  as well as other species found in the animals   . 
Tetrodotoxin is a  sodium channel blocker . It inhibits the firing of  action potentials  in neurons by 
binding to the  voltage-gated sodium channels  in  nerve cell   membranes  and blocking the 
passage of sodium ions (responsible for the rising phase of an action potential) into the neuron. 
This prevents the nervous system from carrying messages and thus muscles from flexing in 
response to nervous stimulation. 

Its mechanism of action, selective blocking of the sodium channel, was shown definitively in 
1964 by  Toshio Narahashi  and  John W. Moore  at  Duke University , using the  sucrose gap 
voltage clamp  technique.  

Biochemistry 
Tetrodotoxin binds to what is known as site 1 of the fast  voltage-gated sodium channel .   Site 1 is 
located at the extracellular pore opening of the ion channel. The binding of any molecules to this 
site will temporarily disable the function of the ion channel, thereby blocking the passage of 
sodium ions into the nerve cell (which is ultimately necessary for nerve conduction); 
neosaxitoxin  and several of the  conotoxins  also bind the same site. 
The use of this toxin as a biochemical probe has elucidated two distinct types of voltage-gated 
sodium channels present in humans: the tetrodotoxin-sensitive voltage-gated sodium channel 
(TTX-s Na +  channel) and the tetrodotoxin-resistant voltage-gated sodium channel (TTX-r Na + 
channel). Tetrodotoxin binds to TTX-s Na + channels with a binding affinity of 5–15 nM, while the 
TTX-r Na +  channels bind TTX with low  micromolar  affinity.   [ not in citation given ]  Nerve cells containing 
TTX-r Na + channels are located primarily in  cardiac  tissue, while nerve cells containing TTX-s 
Na +  channels dominate the rest of the body. 
TTX and its analogs have historically been important agents for use as chemical tool 
compounds, for use in channel characterization and in fundamental studies of channel function. 
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The prevalence of TTX-s Na +  channels in the  central nervous system  makes tetrodotoxin a 
valuable agent for the silencing of  neural activity  within a  cell culture . 

Poisoning 

Toxicity 
TTX is extremely toxic. The  Material Safety Data Sheet  for TTX lists the oral  median lethal dose 
( LD 50 ) for mice as 334  μg  per kg.   For comparison, the oral LD 50  of  potassium cyanide  for mice is 
8.5 mg per kg,   demonstrating that even orally, TTX is more poisonous than  cyanide . TTX is 
even more dangerous if injected; the amount needed to reach a lethal dose by injection is only 8 
μg per kg in mice.  

The toxin can enter the body of a victim by  ingestion , injection, or  inhalation , or through abraded 
skin.  

Poisoning occurring as a consequence of consumption of fish from the order  Tetraodontiformes 
is extremely serious. The organs (e.g. liver) of the  pufferfish  can contain levels of tetrodotoxin 
sufficient to produce the described  paralysis  of the  diaphragm  and corresponding death due to 
respiratory failure .   Toxicity varies between species and at different seasons and geographic 
localities, and the flesh of many pufferfish may not be dangerously toxic. 

The mechanism of toxicity is through the blockage of fast voltage-gated sodium channels, which 
are required for the normal transmission of signals between the body and brain.   As a result, TTX 
causes loss of sensation, and paralysis of voluntary muscles including the diaphragm and 
intercostal muscles, stopping breathing.  

Symptoms and treatment 
The diagnosis of pufferfish poisoning is based on the observed symptomatology and recent 
dietary history.  

Symptoms typically develop within 30 minutes of ingestion, but may be delayed by up to four 
hours; however, if the dose is fatal, symptoms are usually present within 17 minutes of 
ingestion.   Paresthesia  of the lips and tongue is followed by developing paresthesia in the 
extremities,  hypersalivation ,  sweating , headache, weakness, lethargy,  incoordination ,  tremor , 
paralysis,  cyanosis ,  aphonia ,  dysphagia , and  seizures . The gastrointestinal symptoms are often 
severe and include  nausea ,  vomiting ,  diarrhea , and  abdominal pain ; death is usually secondary 
to  respiratory failure .   There is increasing  respiratory distress , speech is affected, and the victim 
usually exhibits  dyspnea ,  cyanosis ,  mydriasis , and  hypotension . Paralysis increases, and 
convulsions , mental impairment, and  cardiac arrhythmia  may occur. The victim, although 
completely paralyzed, may be conscious and in some cases completely lucid until shortly before 
death, which generally occurs within 4 to 6 hours (range ~20 minutes to ~8 hours). However, 
some victims enter a  coma .  

If the patient survives 24 hours, recovery without any residual effects will usually occur over a 
few days.  
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Therapy is supportive and based on symptoms, with aggressive early airway management.   If 
ingested, treatment can consist of emptying the stomach, feeding the victim  activated charcoal 
to bind the toxin, and taking standard life-support measures to keep the victim alive until the 
effect of the poison has worn off.   Alpha adrenergic agonists  are recommended in addition to 
intravenous fluids to combat hypotension;  anticholinesterase  agents "have been proposed as a 
treatment option but have not been tested adequately".  

No  antidote  has been developed and approved for human use, but a primary research report 
(preliminary result) indicates that a  monoclonal antibody  specific to tetrodotoxin is in 
development by  USAMRIID  that was effective, in the one study, for reducing toxin lethality in 
tests on mice.  

Modern therapeutic research 
Tetrodotoxin has been investigated as a possible treatment for cancer-associated pain. Early 
clinical trials demonstrate significant pain relief in some patients.  

In addition to the cancer pain application mentioned, mutations in one particular TTX-sensitive 
Na +  channel are associated with some  migraine  headaches,   although it is unclear as to whether 
this has any therapeutic relevance for most people with migraine.  

Tetrodotoxin has been used clinically to relieve the headache associated with  heroin withdrawal .  

Brown recluse spider 
( Loxosceles recluse ) 
The brown recluse,  Loxosceles reclusa , 
Sicariidae  (formerly placed in a family 
"Loxoscelidae") is a  recluse spider  with a 
necrotic  venom. Similar to other  recluse spider 
bites , their bite sometimes requires medical 
attention. The brown recluse is one of three 
spiders  (the others being  black widow  and 
Loxosceles laeta , the Chilean recluse) with 
medically significant venom  in North America. 
Brown recluse spiders are usually between 6 
and 20 millimetres (0.24 and 0.79 in), but may 
grow larger. While typically light to medium brown, they range in color from whitish to dark 
brown or blackish gray. The  cephalothorax  and abdomen are not necessarily the same color. 
These spiders usually have markings on the  dorsal  side of their  cephalothorax , with a black line 
coming from it that looks like a  violin  with the neck of the violin pointing to the rear of the spider, 
resulting in the nicknames fiddleback spider, brown fiddler, or violin spider. 
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Description 

The brown recluse. The brown recluse has three pairs of eyes, unlike most spiders. 
 
The violin pattern is not diagnostic, as other spiders can have similar markings (e.g.  cellar 
spiders  and  pirate spiders ). For definitive identification it is imperative to examine the eyes. 
While most spiders have eight eyes, recluse spiders have six eyes arranged in pairs (dyads) 
with one  medial  pair and two  lateral  pairs. Only a few other spiders have three pairs of eyes 
arranged in this way (e.g.,  scytodids ). Recluses have no obvious coloration patterns on the 
abdomen or legs, and the legs lack spines.   The abdomen is covered with fine short hairs that, 
when viewed without magnification, give the appearance of soft fur. The leg joints may appear 
to be a slightly lighter color. 

Life-cycle 
Adult brown recluse spiders often live about one to two years. Each female produces several 
egg sacs over a period of two to three months, from May to July, with approximately fifty eggs in 
each sac. The eggs hatch in about one month. The spiderlings take about one year to grow to 
adulthood. The brown recluse spider is resilient and can tolerate up to six months of extreme 
drought and scarcity or absence of food. On one occasion, a brown recluse survived in 
controlled captivity for over five seasons without any food at all.  

Behavior 
A brown recluse's stance on a flat surface is usually with all legs radially extended. When 
alarmed it may lower its body, withdraw the forward two legs straight rearward into a defensive 
position, withdraw the rearmost pair of legs into a position for lunging forward, and stand 
motionless with  pedipalps  raised. The pedipalps in mature specimens are dark and quite 
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prominent and are normally held horizontally forward. When threatened it usually flees, 
seemingly to avoid a conflict, and if detained may further avoid contact with quick horizontal 
rotating movements or even resort to assuming a lifeless pose (playing dead). The spider does 
not usually jump unless touched brusquely, and even then its avoidance movement is more of a 
horizontal lunge rather than a vaulting of itself entirely off the surface. When running, the brown 
recluse does not leave a silk line behind, which would make it more easily tracked when it is 
being pursued. Movement at virtually any speed is an evenly paced gait with legs extended. 
When missing a leg or two it appears to favor this same gait, although (presumably when a leg 
has been injured) it may move and stand at rest with one leg slightly withdrawn. During travel it 
stops naturally and periodically when renewing its internal  hydraulic  blood pressure that,  like 
most spiders , it requires to renew strength in its legs. 

Habitat 

 
Brown recluse on cardboard box. 
 
Brown recluse spiders build asymmetrical (irregular) webs that frequently include a shelter 
consisting of disorderly thread. They frequently build their webs in woodpiles and sheds, 
closets, garages,  plenum spaces , cellars, and other places that are dry and generally 
undisturbed. When dwelling in human residences they seem to favor cardboard, possibly 
because it mimics the rotting tree bark which they inhabit naturally. They have also been 
encountered in shoes, inside dressers, in bed sheets of infrequently used beds, in clothes 
stacked or piled or left lying on the floor, inside work gloves, behind baseboards and pictures, in 
toilets, and near sources of warmth when ambient temperatures are lower than usual. 
Human-recluse contact often occurs when such isolated spaces are disturbed and the spider 
feels threatened. Unlike most web weavers, they leave these lairs at night to hunt. Males move 
around more when hunting than the females, which tend to remain nearer to their webs. The 
spider will hunt for  firebrats , crickets,  cockroaches , and other soft-bodied insects.  

 

https://en.wikipedia.org/wiki/Hydraulic
https://en.wikipedia.org/wiki/Spider#Locomotion
https://en.wikipedia.org/wiki/Spider#Locomotion
https://en.wikipedia.org/wiki/Plenum_space
https://en.wikipedia.org/wiki/Firebrat
https://en.wikipedia.org/wiki/Cockroach


 

Distribution 

 
A large brown recluse compared to a  US penny  (diameter 0.75 inches, 19.05mm) 
 
The range lies roughly south of a line from southeastern  Nebraska  through southern  Iowa , 
Illinois , and  Indiana  to southwestern  Ohio . In the southern states, it is native from central  Texas 
to western  Georgia  and north to  Kentucky .  

Despite rumors to the contrary, the brown recluse spider has not established itself in  California 
or anywhere outside its native range.   This directly contradicts numerous sensationalized media 
reports of bites occurring where these spiders are absent (and no specimens were found), such 
as a 2014 report from Thailand, where a man was claimed to have died from a brown recluse 
bite.   Over the last century, occasional spiders have been intercepted in various locations where 
they have no known established populations; these spiders may be transported fairly easily, 
though the lack of established populations well outside the natural range also indicates that 
such movement has not led to colonization of new areas, after decades of opportunities.   Note 
that the occurrence of brown recluses in a single building (such as a warehouse) outside of the 
native range is not considered a successful colonization; such single-building populations can 
occur (e.g., in several such cases in Florida),   but do not spread, and can be easily eradicated.  

There are other species of the genus  Loxosceles  native to the southwestern part of the United 
States, including California, that may resemble the brown recluse, but these species have never 
been documented as medically significant. The number of "false positive" reports based on 
misidentifications is considerable; in a nationwide study where people submitted spiders that 
they thought were brown recluses, of 581 from California only 1 was a brown 
recluse—submitted by a family that moved from Missouri and brought it with them (compared to 
specimens submitted from Missouri, Kansas, and Oklahoma, where between 75% and 90% 
were recluses).   From this study, the most common spider submitted from California as a brown 
recluse was in the genus  Titiotus , whose bite is deemed harmless. A similar study documented 
that various arachnids were routinely misidentified by physicians, pest control operators, and 
other non-expert authorities, who told their patients or clients that the spider they had was a 
brown recluse when in fact it was not.   Despite the absence of brown recluses from the Western 
U.S., physicians in the region commonly diagnose "brown recluse bites", leading to the popular 
misconception that the spiders inhabit those areas.  
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Bite 
Main article:  Loxoscelism 
The bite frequently is not felt initially and may not be immediately painful, but it can be serious. 
The brown recluse bears a potentially deadly  hemotoxic  venom. Most bites are minor with no 
necrosis . However, a small number of brown recluse bites do produce severe dermonecrotic 
lesions (i.e. necrosis); an even smaller number produce severe  cutaneous  (skin) or 
viscerocutaneous (systemic) symptoms. In one study of clinically diagnosed brown recluse 
bites, skin necrosis occurred 37% of the time, while systemic illness occurred 14% of the time. 

In these cases, the bites produced a range of symptoms common to many members of the 
Loxosceles  genus known as  loxoscelism , which may be cutaneous and viscerocutaneous. In 
very rare cases, bites can even cause  hemolysis —the bursting of  red blood cells .  

As suggested by its  specific epithet  reclusa (recluse), the brown recluse spider is rarely 
aggressive, and bites from the species are uncommon. In 2001, more than 2,000 brown recluse 
spiders were removed from a heavily infested home in Kansas, yet the four residents who had 
lived there for years were never harmed by the spiders, despite many encounters with them. 

The spider usually bites only when pressed against the skin, such as when tangled within 
clothes, towels, bedding, inside work gloves, etc. Many human victims report having been bitten 
after putting on clothes that had not been worn recently, or had been left for many days 
undisturbed on the floor. The fangs of the brown recluse are so tiny they are unable to penetrate 
most fabric.  

Around 49% of brown recluse bites do not result in necrosis or systemic effects. When both 
types of loxoscelism do result, systemic effects may occur before necrosis, as the venom 
spreads throughout the body in minutes. Children, the elderly, and the debilitatingly ill may be 
more susceptible to systemic loxoscelism. The systemic symptoms most commonly 
experienced include nausea, vomiting, fever, rashes, and muscle and joint pain. Rarely, such 
bites can result in hemolysis,  thrombocytopenia ,  disseminated intravascular coagulation , organ 
damage, and even death.   Most fatalities are in children under the age of seven   or those with a 
weak immune system. 
While the majority of brown recluse spider bites do not result in any symptoms,  cutaneous 
symptoms occur more frequently than systemic symptoms. In such instances, the bite forms a 
necrotizing  ulcer  as the result of  soft tissue  destruction and may take months to heal, leaving 
deep  scars . These bites usually become painful and itchy within 2 to 8 hours. Pain and other 
local effects worsen 12 to 36 hours after the bite, and the necrosis develops over the next few 
days.   Over time, the wound may grow to as large as 25 cm (10 inches). The damaged tissue 
becomes  gangrenous  and eventually sloughs away. 

Bite treatment 
First aid involves the application of an ice pack to control  inflammation  and prompt medical care. 
If it can be easily captured, the spider should be brought with the patient in a clear, tightly closed 
container so it may be identified. 
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Routine treatment should include immobilization of the affected limb, application of ice, local 
wound care, and  tetanus  prophylaxis. Many other therapies have been used with varying 
degrees of success, including  hyperbaric oxygen ,  dapsone ,  antihistamines  (e.g., 
cyproheptadine ),  antibiotics ,  dextran ,  glucocorticoids , vasodilators,  heparin ,  nitroglycerin , 
electric shock ,  curettage ,  surgical excision , and  antivenom .   None of these treatments have been 
subjected to  randomized controlled trials  to conclusively show benefit. In almost all cases, bites 
are self-limited and typically heal without any medical intervention.  

Outpatient   palliative care  following discharge often consists of a weak or moderate strength 
opioid  (e.g.  codeine  or  tramadol , respectively) depending on pain scores, an  anti-inflammatory 
agent (e.g.  naproxen ,  cortisone ), and an  antispasmodic  (e.g.  cyclobenzaprine ,  diazepam ), for a 
few days to a week. If the pain and/or spasms have not resolved by this time, a second medical 
evaluation is generally advised, and  differential diagnoses  may be considered. Occasionally, an 
antibiotic is prescribed as well. 
Cases of brown recluse venom travelling along a limb through a vein or artery are rare, but the 
resulting tissue  mortification  can affect an area as large as several inches and in extreme cases 
require excising of the wound. 

Specific treatments 
In presumed cases of recluse bites,  dapsone  is often used for the treatment of necrosis, but 
controlled clinical trials have yet to demonstrate efficacy.   However, dapsone may be effective in 
treating many "spider bites" because many such cases are actually misdiagnosed microbial 
infections.   There have been conflicting reports about its efficacy in treating brown recluse bites, 
and some have suggested it should no longer be used routinely, if at all.  

Wound infection is rare. Antibiotics are not recommended unless there is a credible diagnosis of 
infection.  

Studies have shown that surgical intervention is ineffective and may worsen outcome. Excision 
may delay wound healing, cause  abscesses , and lead to scarring.  

Purportedly application of  nitroglycerin  stopped necrosis.   However, one scientific animal study 
found no benefit in preventing necrosis, with the study's results showing it increased 
inflammation and caused symptoms of systemic envenoming. The authors concluded the 
results of the study did not support the use of topical nitroglycerin in brown recluse envenoming.  

Antivenom is available in South America for the venom of related species of recluse spiders. 
However, the bites, often being painless, usually do not present symptoms until 24 or more 
hours after the event, possibly limiting the effect of this intervention.  
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Fattail scorpion (Androctonus australis) 

 
Fattail Scorpion or fat-tailed scorpion is the common name given to  scorpions  of the  genus 
Androctonus , one of the most dangerous groups of scorpions  species  in the world. They are 
found throughout the semi-arid and arid regions of the  Middle East  and  Africa . They are a 
moderate sized scorpion, attaining lengths of 10 cm (just under 4 in).   Their common name is 
derived from their distinctly fat metasoma, or tail, while the Latin name originates from Greek 
and means "man killer".   Their venom contains powerful  neurotoxins  and is especially 
potent.Stings from  Androctonus  species are known to cause several human deaths each 
year.Several pharmaceutical companies manufacture an  antivenom  for treatment of 
Androctonus  envenomations.  

Geographic range 
Androctonus is widespread in  North  and  West Africa , the  Middle East  and eastwards to the 
Hindukush  region. Countries where Androctonus species live include:  Armenia ,  Morocco , 
Algeria ,  Tunisia ,  Libya ,  Egypt ,  Togo ,  Palestine ,  Israel ,  India ,  Lebanon ,  Turkey ,  Jordan ,  Saudi 
Arabia ,  Yemen ,  Oman ,  United Arab Emirates ,  Qatar ,  Kuwait ,  Iraq ,  Iran ,  Afghanistan ,  Bahrain and 
Pakistan . 
 
Androctonus australis is a hardy  desert   scorpion  from  North Africa ,  Somalia , the  Middle East , 
Pakistan and India.   A. australis, along with  A. amoreuxi  and  Pandinus imperator , is the most 
commonly available scorpions found in the exotic animal trade. 

Hardiness 
Unlike most other animals that live in deserts,  Androctonus  does not dig burrows to protect itself 
from a  sandstorm . Instead, it can withstand sandstorms powerful enough to strip paint off steel, 
without any apparent damage. The resistance of  Androctonus  to sandstorms is suspected to be 
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due to the discovery of its odd  exoskeleton  surface. Its armor is covered with dome-shaped 
granules that are 10 µm (0.0004 in) high and 25–80 µm (0.0010–0.0031 in) across. When its 
odd surface is translated into other materials it protects them to a certain degree as well, which 
has led to the possibility of the applicability of imitation surfaces in such objects as  aeroplanes 
and  helicopters .  

Description 
Androctonus australis  is a medium-sized scorpion which can grow up to 10 centimetres in 
length. It has a very thick and powerful tail,   and stripes on the sides of its dome for better vision 
while attacking another animal or for the use of self-defense. 

Toxicity 
Androctonus australis  has very potent venom   and is one of the world's most dangerous 
scorpions due to its relative toxicity and temperament. It claims several lives each year.  
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