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Is there exist toxicant or non-toxicant?
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1 . #FFE&E/Lethal amount

(1), (LD100):

VAN (Lethal Dose, 50% :

R 7NLD50R LA mg/kgihEE, LDSOFE R/, Rk AR

LD50):

Meikeg, &k, LDSOEEM, NE

K. BAZ: mo/Kg



LD stands for "'Lethal Dose''. LD50 is the amount of a material,
given all at once, which causes the death of 50% (one half) of a
group of test animals. The LD50 Is one way to measure the
short-term poisoning potential (acute toxicity) of a material.

Toxicologists can use many kinds of animals but most often
testing Is done with rats and mice. It is usually expressed as the
amount of chemical administered (e.g., milligrams) per 100
grams (for smaller animals) or per kilogram (for bigger test
subjects) of the body weight of the test animal. The LD50 can be
found for any route of entry or administration but dermal
(applied to the skin) and oral (given by mouth) administration
methods are the most common.



Chemicals can have a wide range of effects on our health. Depending on
how the chemical will be used, many kinds of toxicity tests may be
required.

Since different chemicals cause different toxic effects, comparing the
toxicity of one with another is hard. We could measure the amount of a
chemical that causes kidney damage, for example, but not all chemicals
will damage the kidney. We could say that nerve damage is observed
when 10 grams of chemical A is administered, and kidney damage is
observed when 10 grams of chemical B is administered. However, this
Information does not tell us if A or B is more toxic because we do not
know which damage is more critical or harmful.

Therefore, to compare the toxic potency or intensity of different
chemicals, researchers must measure the same effect. One way is to
carry out lethality testing (the LD50 tests) by measuring how much of a
chemical is required to cause death. This type of test is also referred to
as a "‘quantal’’ test because it is measures an effect that ""occurs™ or
""does not occur™'.



e In 1927, J.W. Trevan attempted to find a way

to estimate the relative poisoning potency of
drugs and medicines used at that time. He
developed the LD50 test because the use of
death as a "'target'" allows for comparisons
between chemicals that poison the body In very
different ways. Since Trevan's early work,
other scientists have developed different
approaches for more direct, faster methods of
obtaining the LD50.
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e LC stands for "'Lethal Concentration'. LC
values usually refer to the concentration of a
chemical In air but in environmental studies it
can also mean the concentration of a chemical
INn water.

e For Iinhalation experiments, the concentration
of the chemical in air that kills 50%0 of the test
animals in a given time (usually four hours) Is
the LC50 value.
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4. B RICAEFFIE (maximal no-effect level)
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D01 Lethal dose for 19 of the animal
test population

D100 Lethal dose for 1009 of the
animal test population

LDLO The lowest dose causing lethality

TDLO The lowest dose causing a toxic
effect



* In nearly all cases, LD50 tests are performed
using a pure form of the chemical. Mixtures
are rarely studied.

* The chemical may be given to the animals by
mouth (oral); by applying on the skin (dermal);
by Injection at sites such as the blood veins
(1.v.- Intravenous), muscles (I.m. -
intramuscular) or into the abdominal cavity/}g

f& (i.p. - intraperitoneal).




The LD50 value obtained at the end of the experiment is
Identified as the LD50 (oral), LD50 (skin), LD50 (i.v.), etc., as
appropriate. Researchers can do the test with any animal species
but Other species include dogs,
hamsters, cats, guinea-pigs, rabbits, and monkeys. In each case,
the LD50 value Is expressed as the weight of chemical
administered per kilogram body weight of the animal and it
states the test animal used and route of exposure or
administration; e.g., LD50 (oral, rat) - 5 mg/kg, LD50 (skin,
rabbit) - 5 g/kg. So, the example ""LD50 (oral, rat) 5 mg/kg"'
means that 5 milligrams of that chemical for every 1 kilogram
body weight of the rat, when administered in one dose by mouth,
causes the death of 50% of the test group.



If the lethal effects from breathing a compound are to be tested,
the chemical (usually a gas or vapour) is first mixed in a known
concentration in a special air chamber where the test animals
will be placed. This concentration is usually quoted as parts per
million (ppm) or milligrams per cubic metre (mg/m3). In these
experiments, the concentration that Kills 50% of the animals is
called an LC50 (Lethal Concentration 50) rather than an LD50.
When an LC50 value is reported, it should also state the kind of
test animal studied and the duration of the exposure, e.g., LC50
(rat) - 1000 ppm/ 4 hr or LC50 (mouse) - 5mg/m3/ 2hr.



Inhalation and skin absorption are the most common routes by
which workplace chemicals enter the body. Thus, the most relevant
from the occupational exposure viewpoint are the inhalation and
skin application tests. Despite this fact, the most frequently
performed lethality study Is the oral LD50. This difference occurs
because giving chemicals to animals by mouth is much easier and
less expensive than other techniques. However, the results of oral
studies are important for drugs, food poisonings, and accidental
domestic poisonings. Oral occupational poisonings might occur by
contamination of food or cigarettes from unwashed hands, and by
accidental swallowing.



In general, the smaller the LD50 value, the more toxic the
chemical Is. The opposite is also true: the larger the LD50
value, the lower the toxicity.

The LD50 gives a measure of the immediate or acute toxicity
of a chemical in the strain, sex, and age group of a particular
animal species being tested. Changing any of these variables
(e.g., type animal or age) could result in finding a different
D50 value. The LD50 test was neither designed nor intended
to give information on long-term exposure effects of a chemical.



Once you have an LD50 value, it can be compared to other
values by using a toxicity scale. Confusion sometimes occurs
because several different toxicity scales are in use. The two
most common scales used are the “Hodge and Sterner Scale”
and the “Gosselin, Smith and Hodge Scale”. These tables differ
In both the numerical rating given to each class and the terms
used to describe each class. For example, a chemical with an
oral LD50 value of 2 mg/kg, would be rated as “1” and “highly
toxic” according to the Hodge and Sterner Scale (see Table 1)
but rated as “6” and “super toxic” according to the Gosselin,
Smith and Hodge Scale (see Table 2).

when classifying a compound.
It is also Important to know that the actual LD50 value may be
different for a given chemical depending on the route of
exposure (e.g., oral, dermal, inhalation). For example, some
LD50s for dichlorvos/@ &£, an insecticide commonly used in
household pesticide strips, are listed below:




Oral LD50 (rat): 56 mg/kg

Dermal/FZ ik LD50 (rat): 75 mg/kg

Intraperitoneal/fg & LD50: (rat) 15 mg/kg

Inhalation LC50 (rat): 1.7 ppm (15 mg/m3); 4-hour exposure
Oral LD50 (rabbit) 10 mg/kg

Oral LD50 (pigeon:): 23.7 mg/kg

Oral LD50 (rat): 56 mg/kg

Oral (mouse): 61 mg/kg

Oral (dog): 100 mg/kg

Oral (pig): 157 mg/kg



Table 1: Toxicity Classes: Hodge and Sterner Scale

Routes of Administration

Oral LD50 Inhalation LC50 Dermal LD50

Toxicity Commonly

Used Term

(single dose to rats) | (exposure of
rats for 4

hours) ppm

application to
skin of rabbits)

Extremely 1 or less 10 or less 5 or less

Highly Toxic

Moderately 100-1000

Slightly Toxic 500-5000 1000-10,000 350-2810

Practically
NMon-toxic

5000-15,000 10,000-100,000 2820-22,590

Relatively
Harmless

15,000 or more 100,000 22,600 or

Probable
Lethal Dose for
Man

1 grain (a
taste, a drop)

4 ml (1 tsp)
30ml (1 fl. oz.)

600 ml (1 pint)

1 litre {(or 1
quart)

1 litre (or 1
quart)




Table 2: Toxicity Classes: Gosselin, Smith and Hodge

Toxicity Rating or Class
6 Super Toxic
5 Extremely Toxic
4 Very Toxic
3 Moderately Toxic
2 Slightly Toxic

1 Practically Non-Toxic

Probable Oral Lethal Dose (Human)

Dose
Less than 5 mog/ kg
5-50 mg/kg
50-500 mg/kg
0.5-5 g/kg
5-15 g/kg
Above 15 g/kg

For 70-kg Person (150 lbs)
1 grain (a taste - less than 7 drops)
4 ml (between 7 drops and 1 tsp)
30 ml (between 1 tsp and 1 fl ounce)
30-600 ml (between 1 fl oz and 1 pint)
600-1200 ml (between 1 pint to 1 quart)

More than 1200 ml {(more than 1 quart)



In general, if the iImmediate toxicity is similar in all of the
different animals tested, the degree of immediate toxicity will
probably be similar for humans. When the LD50 values are
different for various animal species, one has to make
approximations and assumptions when estimating the probable
lethal dose for man. Tables 1 and 2 have a column for estimated
lethal doses in man. Special calculations are used when
translating animal LD50 values to possible lethal dose values for
humans. Safety factors of 10,000 or 1000 are usually included in
such calculations to allow for the variability between individuals
and how they react to a chemical, and for the uncertainties of

experiment test results.



The LD50 can be used:

e As an aid in developing emergency procedures in case of a major
spill or accident.

* To help develop guidelines for the use of appropriate safety
clothing and equipment. For example, if the dermal LD50 value
for a chemical is rated as extremely toxic, It Is important to
protect the skin with clothing, gloves (etc.) made of the right
chemical-resistant material before handling. Alternatively, if a
chemical has an inhalation LC50 value which indicates that it is
relatively harmless, respiratory protective equipment may not be
necessary (as long as the oxygen concentration in the air is in the
normal range - around 18%o).

* For the development of transportation regulations.



As an aid Iin establishing occupational exposure limits.

As a part of the information In .
Remember, the LD50 is only a ball park figure so that lethal
toxicity can be compared. It says nothing about levels at which
other acute toxic, but non-lethal, effects might occur.

The LD50 is only one source of toxicity information. For a more
thorough picture of the iImmediate or acute toxicity of a
chemical, additional information should be considered such as
the lowest dose that causes a toxic effect (TDLO), the rate of
recovery from a toxic effect, and the possibility that exposure to
some mixtures may result in increasing the toxic effect of an
Individual chemical.



Where can | find LD50 and LC50 values

* The largest, single collection of LD50 and LC50 values is
In the database Reqistry of Toxic Effects of Chemical
Substances (RTECS) that is available by subscription on
CD-ROM and on the Internet. Two other databases
avallable from CCOHS, CHEMINFO and the Hazardous
Substances Data Bank?(HSDB). Both of these are on the
CHEMpendium CD-ROM; CHEMINFO is also
accessible on the Internet.

 http://www.ccohs.ca/products/cdrom/c2.html



http://www.ccohs.ca/products/cdrom/c2.html
http://www.ccohs.ca/products/cdrom/c2.html
http://www.ccohs.ca/products/cdrom/c2.html
http://www.ccohs.ca/products/databases/cheminfo.html

(75)~ ZFA 2 B /effect and response

e 1. What Is effect?

e 2. What Is response?
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e 1. What Is dose-effect relationship?
e 2. What Is dose-response relationship?
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Unmodified fraction

Unmaodified fraction

o S0 100 150 200 250
X-ray exposure time (ms)

Dose Response curve
Rutao Liu, et.al., Biochemistry 2003, 42:13447-12454
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MEVE FH 8285/ Types of toxicological
effects

* |_ocal and systemic effects

— Local: contact on skin, respiratory tract, eg,
HCI, Cl2, ammonium, caustic chemical

— Systemic: absorbed and distributed, but

focused on target organs, eg., DDT on Central
Nerve System



(Z) AR R EHAER

Immediate effect and delayed effects

Immediate: cyanide poisoning/& ALY+ &

Delayed: smoking exposure (carcinogen), radiation



(=), AIRATHEEEER

Reversible: disappearance after cessation of exposure, eg.,

HCI, ammonium

Irreversible: persistence or progress after cessation of
exposure, eg., carcinoma, mutations, damage to neurons, and

liver cirrhosis, tetrodotoxin on muscles.

Example: insecticide on cholinerase,

Reversibility vs concentration and exposure time



(19). Z&Z x M/allergic reaction
What is allergic reaction?

What is the characteristic of allergic reation?

(F) %5734 e V. /idiosyneratic reaction

Whatis idiosyneratic reaction?




=. B EYIRERE B EAVE FH/combined toxic effect

1. What is the combined toxic effect?

2. Introduction on the types of combined toxic effect:
(1).#8n4E A/additional joint action

Definition:

(2). th[E4E A /synergistic joint action

Definition:



3. WeR{EF: potentiation

4. FEHIAER: atagonistic joint action

5. 57 4/E H/Independent joint action



(=) BEE1E R 25 R PF 22 /1 dentification of the combined toxic
effect

PERE 7V

1. BRE1EH RE0:

Bk & 1E H R BU(K)=1R &9 B T L D50/VE-& # # S5 L D50

B EYILDS0FHAE T E A T
1/IRE Y TREIE FLD50 =a/ALD50 +b/BffILD50 +......+n/Nf¥LD50

Table 3-1 Bk 5 1EH REU(K)FIBR 5 1E R EL

ATEPEH AAEIEA Ao EIEH
Smythik <0.4 0.4-2.7 >2.7
Keplingerix <0.57 0.57-1.75 >1.75



2. TR 28 vk
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TR
(1). HIREERIDY £

(2).3k HIHTE-SH)HILD50.,

(3). VRUTER &1 H IR E



BR A 1E F ISR BL I PP O A
ARFEAMER LTI, AMMIER; BEFERETFZLU
FoAthFEVER; #ERER_ERU_EARETER.

k& 1E AL R 1555 SCHR -

Bite, F.ou, BRSERSFIERPED, SETIESR:E,
2000,13(1): 55-58

HR&ZZ]: huanjingdulixue@sohu.com
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MR H B2 B Types of toxicity mechanism:
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(1). EERE &

2. 5EAR. BSE

3). G4 &

Wavelength (nm)

Fig. 1 Resonance light spectra of BSA, SDBS and after their toxic interaction
Fig.1 BSA, SDBSKIFMHAEM 5 B ILdRGEET i &
a: SDBS b: BSA c: BSA+SDBS
BSA: 1X10-6mol/L SDBS: 1X10-4mol/L Buffer: BR pH=3.2
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pH

Fig.3 pHX{&ZRRLSHRE KM
BSA: 1X10-6mol/L SDBS: 1X10-4mol/L Buffer: BR pH3.2
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effects of toxicants

2. FLAZIR I/ Animal hosts
3. B 2514/ Chemical interactions

4, INEP

N

2%/ Environmental

2 Factors of toxic effects

}ﬁ/ Factors that can alter the toxic
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(=) BN 5 &% /Physical properties and toxicity
1. RRIKTECRE:

2. HERE.
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. PUEIRBL/Animal host factors

e Species, strain and individual

— Toxicant are almost universally toxic to all
animals



(—) FhEfAMEZER: Species and individual difference

Differences exists among species, eg.,

Hexobarbital/2 4 U4 B EE % induced sleeping time: enzyme
activities
Ethylene glycol: cat>rat>rabbit, proportional to oxalic content
Aniline/ AR G 71 -

Cat and dog: o-aminophenol, more toxic

Rat and hamster: p-aminophenol, less toxic
2-naphthylamine2-%= i%:

Dog and human: bladder tumors|i it J

Rat, rabbit or guinea/iX i pig: free of tumors



o Acetylaminofluorene(AAF): £ It 3 %y
— All animal but guinea pig/ ¥ fl: carcinogenic
e Squill / i ErHH
— Rat: rodenticide/“k 7], no vomitting

— Humans and other mammals: not toxic,
vomitting



« Differences exists among strains / J% 57, €g.,
— All toxicants could induce changes in all strains

— Tumorigenesis:

 Sprague-Dawley: estrogen / #fE1: %= level higher—higher
rate

o F344 rat: estrogen level lower—Ilower rate

— Adverse responses among the same strain:
nitrosamines/ IV figfi%, decalin-+44k.25, hydroquinone,/
XK —Fy, CCl,, etc.

» Male: more susceptible



Differences exists among individuals, eg.,
— Acetyltransferase/ £ Bt L 44 74 il

 Slow reaction: deficient —accumulation of
isoniazid/ e HH JF(—Fh Pt 4h 1% 245 4)—peripheral
neuropathy

o fast reaction: larger doses---hepatic damage

— Plasma cholineterase: Il 4 &= 25 B¥#: #% iy
e Low level: prolonged muscular relaxation and apnea

— Glucose-6-phosphate dehdrogenase: #iz;sim;m i
S i
» Deficiency: hemolytic anemia/ys I P4 23 1L




(—) Sex, hormone status, and
pregnancy

e Sexes

— Barbiturates / £ 2% £h
* Female rat: prolonged sleep than in males
e Male rat: short duration---liver microsomal enzymes:
— Aminopurine/z JL ML
o Male: faster demethylation, less susceptible,

— Sulfanilamide/fif i
« Male: faster acetylation, less susceptible




— Parathion / X i organophosphorus

» Female rat; faster metabolism, more toxic, more
susceptible

— Chloroform / &1Jj

e Male: nephrotoxic, higher concentration of
cytochrome P-450

 Female: not toxic
— Nicotine / JH:
 Male mouse: more toxic




— Digoxin / Hi s = (— AL l):
e Male dog: more toxic

— Dinitrophenol: —fifj 3L %
e Female: more toxic

— Benzene: %
 Female rabbit: more toxic
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V. B[R Z/Environmental factors

1. Kig&/Temperature
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