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4 ways:
ption by the skin (Dermal
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C. Absorption by gastro-intestinal tract
(Gnstm-intestinal absorption)

orption through special routes.
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p. Abs

A Absorption by the Skin : The body’s
primary parrier to the toxic chemicals is
the skin, which has a surface area of about
18,000 cm? in humans and constitutes about
10% of body weight. Thus, dermal
absorption is very important in view of
the surface area of skin, A xenobiotic
entering through the skin would normally
have to penetrate several layers of intact
cells to reach the sys temic blood circulation.
Lipid-soluble molecules such as tetraethyl
Jead and benzene are moOre easily absorbed
via the skin than water-soluble polar
molecules and ions (e.g inorganic leads,
H,S0;). Solvents such as CCly, highly lipid
soluble, absorbed percutaneously exert
systemic toxic effect following absorption
by this route. Small hydrophilic xenobiotics
such as hydrazine is sufficiently absorbed
through skin, causes local as well as
systemic toxic effect. ’

B. Absorption by the Lungs Humans
breathe 22,000 times a day taking in16 kg
of oxygen. Thus pulmonary absorption can
be the principal route of entry for gaseous
and particulate air pollutants and volatile
organic chemicals. The large surface area

~ of lungs makes it particularly vulnerable
to the toxic injuries ca used by i_nha]ed gases
and particulates. The most frequent cause
of death from poisoning by cO and
Occupational disease silicosis are the
consequences and the results of absorption

psorption by the lungs (Pulmonary.

e b AU

of air-borne poisons by the lungs. phopal

Gas Tragedy may be conside
extreme example of ab
through the lungs.
The air-borne pzlrticulnt(: matters
deposited in the lungs are absorbed bY
processes known as ’pinocytmis' (a special
lype of transport, in whichcells engulf small
droplets of extracellular fluid) and
’phngocylm;is’ (a spccialim:d transport
process that involves the cngulﬁng of a
particle or colloidal material by the cells)
and moved by the action of cilia into the

harynx from where it may be swallowed
in. But the soluble chem ical molecules could
penetrate the epithelium and enter the
blood circulation directly. Pinocytosis and
phogocytosis may also be referred to as
cell-drinking and cell-eating, respectively-
Absorption by the Gastro-intestinal Tract:
The oral uptake is the most important
pathway at least for the water-borne and
food-borne pollutants. The absorption Of
xenobiotic molecules along the gastro-
intestinal (G.1.) tract (consisting of stomach,
small intestine and colon) is charac-
teristically due to the epithelial wall of the
G. I Tract, which exhibits the properties of
the lipoid membrane. Hence, un-ionized
polar toxicants ar€ more readily absorbed,
the absorption rates for these chemicals
being influenced by their relative octanol-
water partition coefficients. The
substances ingested by oral route do not

roduce systemic effects unless they are
absorbed. The stomach having a pH1to
3 represents the most significant site of
absorption for xenobio tics that are actually
acidic or near neutral. Along the small
intestines and colon (whose pH lies in the
range of 6 to 8), weak acids and bases are
more efficiently absorbed, the rate of
absorption being inversely related to their
water solubilities.

red as an

sorption of MIC ga8

. Absorption through special routes :

Generally the xenobiotics enter the blood
stream following absorption through skin,
lungs and gastrointestinal tract. But,
somelimes, the toxicants are administered
in the body of experimental animals
through gpecial routes such as (1) intra-
peritoneal (2) subcutaneous (3) intra-
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muscular, and (4) intravenous. The
toxicants are directly administered into the
blood stream through intravenous route.
Administration of toxicants through
intraperitoneal route results in rapid
absorption of toxicants primarily through
the portal circulation because of the large
surface area and rich blood supply to the
peritoneal cavity. Toxicants administered
subcutaneously and intramuscularly are
absorbed at slow rate. This can be altered
by changing the blood flow to the area
and the medium in which the toxicant is
administered. Most of the toxicant
administered intra-peritoneally enters the
liver via portal circulation before it reaches
the general circulation of the animals.
Sometimes the xenobiotics may be
completely biotransformed and eliminated
into the bile and consequently it never reaches
the target sites.

DISTRIBUTION

A xenobiotic after entering the blood by
absorption or intravenous administration is ready
for distribution throughout the body. Distribution
usually occurs rapidly. The rate of distribution to
organs or tissues is determined primarily by blood
flow and the rate of diffusion out of the capillary
bed into the cells of a particular organ or tissues.
The final distribution depends largely on the affinity
of a xenobiotic for various tissues. In general, the
initial phase of distribution is dominated by the
blood flow, whereas the eventual distribution is
determined largely by affinity.

Some toxicants do not readily cross plasma
membranes and, therefore, have restricted
distribution; whereas other xenobiotics rapidly pass
through plasma membranes and are distributed
throughout the body. During the course of
distribution, the xenobiotics may get concentrated
in a particular tissue or organ and such tissues or
sites are termed storage depots. The site of
accumulation of toxicant may be its site of major
toxic action, but more often it is not. Actually
xenobiotics (toxicant) accumulate at a site other than
the target organ or tissue. The accumulation may
be viewed as a protective process. Xenobiotics enter
the systemic blood circulation as a result of the
absorption processes. Since the blood-stream passes
through all the body tissues, it can distribute the

chemical throughout the bodys Among the bogd,
thuids, plasma water is relatively maone potlang
than the interstitial or mtea-cellnar wakes i hamas
the blood plasma accounts tor 4% ot the total b,
weight and forabout 537 of the wtal blood volume

The concentration of a chemicat (nenobioticy |y
blood plasma, is very important sinee it determing,
the amonnt of the chemical (D that can reach the sige
of toxic action (e, target organ), (Y that might be
directed to astorage depot (e bone adipose taagge
and (3) that s transported to the hiver where the
process of biotranstormation to achivate or machivaly
an organic pollutant ocours: The concentration of 4
toxicant in blood is primanly dependent onits volumge
of distribution. The volume ot distribution can b
quantified by the tollowing tormula

Dose (my)

VD = e A
Plasma concentration (img/h

The volume ot distribution sometimes indicates
that the xenobiotic compound is localized in
particular tissue or is mainly contined to the plasima

Various factors influence the distribution of
toxicants from the blood stream; of prime importance
is the binding of chemical molecules in blood to the
plasmatic proteins, particularly, the serum albumins
The chemical molecules that are bound to the plasmatic
proteins are rendered unavatlable tor distribution or
for immediate toxic action (until dissociated, or
competitively displaced by another chemical
molecule). Only the free and unbound chemical forms
are susceptible for metabolic alterations and are
responsible for the elimination ot toxic etfects

Several organophosphorus insecticides and also
the organo-chlorine insecticides, dieldrin, tot
example, are known to be firmly bound to plasmatic
proteins. Problems could emerge when a second
substance is introduced into the blood-stream,
especially if the latter replaces the previously bound
substance(s) from the binding sites on the plasma
proteins. This can result in unpredictable increase of
the unbound fraction of the first substance in the
plasma, leading to serious toxicological consauenas

Storage-depots or store — house
(Storage of toxicants in certain
tissues)

Xenobiotics often are concentrated in a specitic
tissue, Some xenobiotics attain their highest

-
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The principal storage sites tor xenobiotics ave

1. Plasma proteins os Storoge Dopot

foveral plasia proteins = forexample albumin,
pansternng cenndoplasmin, w & fHlipoprotein ete-—
may bind some wenebiotics (toxicants). The extent
of plasma protein binding varies considerably
amony, wiobioties, For example, antipyrine is not
boutd. Others such as secobaribital are bound to
abont 50% and somey, like wartarin, are about 09%
pound. Plasma proteins are capable of binding
various acidic compounds such as phenylbutazone,
basic compounds such as imipramine, and netural
compounds such as digitoxin, Most senobiotics that
are bound to plasma proteins bind to albumin. The
principal metal binding protein in plasma is
ceruloplasmin, The binding of xenobiotics with
plasma protein s of special significance in toxicology.
Recause of their binding with high molecular weight
plasma protein, they cannol cross capillary walls
and other plasma membranes. Consequently, the
bound form of toxicant may not enter the target
site to produce injury. However, addition of another
tonic agent can displace the first one from the plasma
proteins. thus making it available in free form. For
axample, if a sulphonamide drug is provided lo a
patient already taking any diabetic drug, the former
replaces the latter and induces hypoglycemic coma.

2. Body Fat as Storage Depot

Tissues and areas in the body rich in fat tend to
store some xenobiotics that are highly soluble in

%5 e 21
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|”‘It|n Fhisas chistiicals fend 1o ocalize i alligat
Hantia by pattilomiing et intocelbular ligads
aid body walea Sae by aconinilafion in alipr e tte
o beeny denomatiated (o0 a niinber of epobsiotics,
clnciogg cdordane, DO, and polychilornnated and
|'UI§‘|IIlnmllmlml |ni|-|wuy|s. Sarape lowiers this
cobicentiablon of the togicaints in e gt organ
andd pervis an |na(nlm Vive siechaniam. Pollowing
atatvotion, the fal mobilization leads 1o e sharp rise
by U plmun:nmuvnlmlh i Gf thie stored Zenobiotics,

Agiee, e and race play an dmportant rolein ihie
plorage (accimilation) of ipid soluble senobiotics
For example, males accumidate more of arygano:
chlotie fnwectieldes than females, older prople
acermitlate more OC s than young peopleand Afro-
Americans accimulate more of these insecticides
than white men,

3. Liver as Storage Depot

Actually liver may be regarded as a principal
storage organ, Since it performs variety of functions
viz., atorage of glycogen, deamination of amino
aclds, production of bile, synthesis of blood proteins,
aynthesis of urca through ornithine cycle angd
blotransformation, it receives all kinds of molecules
from GIT through portal circulation and houses a
large amount of all types of xenobiotics as well as
proteins, bile and glycogen. The xenobiotics,
entering liver for the process of biotransformation,
bind with different constituents or groups and with
other molecules present in the liver, according to
their solubility and affinity. Thus liver acts as storage
depot for various xenobiotics.

A protein in the cytoplasm of liver cells called
ligandin, a ¥ protein, has been identified which
shows a high affinity for many organic acids.
Researches reveal that this protein may play a key
role in the transfer of organic anions from plasma
into liver. This protein also binds azo dye
carcinogens and corticosteroids. Metalothionin,
another binding protein of liver, binds to the
cadmium, Liver is capable of binding lead 50 times
greater than plasma within 30 minules after single
administration.

4, Kidney as Storage Depot

Like liver, kidney has a high capacity for binding
multitude of xenobiotics. Since kidney is the principal
excretory organ, all kinds of xenobiotics reach

‘kidney glomeruli for filtration. The glomerular
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. Rone as Sterage Depol

Pome 15 Riown 1o serve ms o major storage sile
tor somie senobiotios vz, lead, fliuoride, and
vadioactive strontium, OF these wenoblatics,
aceimulation of lead in skeletal tissues i more
pronouneed, an it comprines of abowt 0% of the
total lead t the body, Actually, skeletal uptake of
xenobioties tn essentially a surface chemistry
phenomenon, with exchange taking, place between
the bone surface and the fluid in contact with it,
Deposition and storage of toxicants in bone may or
may not be detrimental. Tor instance, lead is not
toxic to the bones wherean the accnmulation of
fluoride for long term exposure causes skeletal
flurosis. Likewise, long term storage of radioactive
strontinm produces osteosarcoma and other

_neoplasma. Xenobiotics may be released from the

~_bone by ionic exchange al the crystal surface and
‘dissolution of bone crystals through osteoclastic

activity.

i 6arcm and Nervous Tissues as Storage

Depots

Some xenobiotics have high affinity for the brain
tissues. For example, CNS drugs like thiopentone,
barbiturates and psychotropic drugs, chlordia-
zepoxide and chlorpromazine enter the brain tissue
rapidly after intravenous administration in
experimental animals.

The myelin sheath of axon also accumulates lipid-
soluble xenobiotics and acts as storage depot. The
axon sheath accumulates a large amount of lipophilic
chlorinated hydrocarbons and retains them for long
time. Likewise, mercury also accumulates in myelin
sheath and produces /atler's Shike.

7. Erythrocytes as Storage Depot

Pharmacological agents, viz. nitroalamine,
becomes localized in the R. B, C. by binding with
hemoglobin. Similarly, other xenobiotics, viz.

plasma membrane anc, ©

through plasma e
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0, Resplratory Trach as Slorage Dagiol

Yennhiotie piolecules may get deposited on the
pinicnsal Hing of the respiratoiy fract and e

Il‘.llbllml fhere lor shart e,

10, G.1.T, as Slorage Depol

Yarions lipid soluble xenobiotics and metals like
mercury pet deposited and renuain trapped in the
G and accumulate Also intestinal mucosal lining
absorbs lipid soluble xenobiotics and retams thes

11. Goll Bladder as Storage Depat

Call bladder acts as storage organ of bile. [t aly,
receives and accumulates all kinds of fatsoluble
wenobiotic molecules that corne from liver and fineglly

oall

sours them into the intestine. In this way, g
bladder also acts as a temporary sturage depot.

12. Spleen us Storage Depot

Spleen being the principal organ for the removz
7 7
of dead RBCs, also collects large number of ¥B0s

from blood; and along with them, it collects prowe

bindingas well as -5H group bis wding oric saolenien
and stores them for considerable time.

13. Fetus as Storage Depot

fetus. The lipophilic renobiotics ge
fat content and accurnulate, while hydrog
Resid copmpartznests

molecules get absorted in the fuid ¢
of the fetus and are refeased slowly

Effect of Accumulation ond Rete mtion of

Xenobiotics

Soen xenobioties (o
P

distribution. Whereas, vther 8¢
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