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ntnsiderable length of time to induce 4 vy
0

¢ biological mechanism Of thedb{[(:)l(z{gl:;li Sisgem as
effect on a Spect 1ct | system may be €xpose &N amoyy,
whole. The biologica Sgt put if due to certain reasons (may be due
concentration Qf a tQXlsz t’he system), the concentration at the Specific
to defensiye rnecha.lnlSI;1 esult in little or 10 effect. Thus, in order o
site remains low, ltTl yffect a chemical must be transported from the
produce a measurable € . site of action. The process of transpoy
site of exposure ';o thle ip;:; ’;c e site of -their application 1o s
of toxicant molecuie

The sufficient amouC
the biological system for a

to the sites of
- age depots or

] [ action or to stor

.specific site of

- g ] ] . ] er,‘)led as

The initial step in the translocation of toxicant is its absorption

| across membranous barriers before it can be distributed either throughout

the body or to a more specific site. For instance, a toxwﬁnt prgﬁzcs:n:)gf
its effect at cellular level, at first must pass through a s S
membranes. Entry of toxicants in the biologwal system occgri Ztinal
by absorption through the skin or by uptake’ «arough the gastroin eAfter
tract during ingestion of food, or by inhalation through the lungs. o
its passage across the membranes, the toxicants reach the blood s rto a
from where they are distributed to various parts of the body or .
more specific site. Further at tissue level, the ‘toxicant must .pach
through cellular, mitochondrial and nuclear membranes in order to 1¢2

. they
the more specific site of action. If they are distributed as such,

induce toxic effects on acc
Sometimes, during the cou

in certain nontarget organ
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- Membranous Barriers

~ The organisms are protected from their environment by .spemahzed
coverings which efficiently restrict the free passage of toxicants from
the site of exposure to the internal organs and finally to the cells within
" those organs. Hence, a. toxicant must pass through a number of
membranous barriers (Figure 9.2) before achieving sufficient
concentration in the organ where it produces its characteristic effect.

OUTSIDE
EXTRACELLULAR FLUID. MUCOSAL
ﬁ ——— MEMBRANE { RESPIRATORY
| sKIN
EXTRACELLULAR INTERSTITIAL -
FLUDD

~ MEMBRANE — CAPILLARY

- FLUID
A ——————— M[EMBRANE - CAPILLARY
| K
EXTRACELLULAR | INTERSTITIAL
FLUID
PP EEA 2] ' MEMBRANE - CELL
INTRACELLULAR FLUID ? INTRACELLULAR
g

Figure 9.2. Schematic representatlon of membranous barriers involved in translocation of
a foreign chemxcal from outside the mammahan organism to intracellular fluid
in a tissue cell :

The toxicants gam access through various routes. Accordingly
they may have to cross various membranous barriers. These include
membranes of a number of cells, such as stratified eplthehum of skin,
thin layer in the lungs, gastrointestinal tract, the capxllary endothelium
and the cells of organ where the toxicant produces deléterious effects.
The plasma membrane is approximately 70 A and is composed of

bimolecular layer of 11p1d molecules coated on cach s1dc with a protein
layer (Figure 9.3).. ' .
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Figtjre 9.3. Séhematic'diagram of biological membrane. Head groups of lipids (as
phosphatidyl-choline) represented by spheres, tail ends by zig-zag
lines. Large bodiesare associated proteins.

Certain branches of protein layer penetrate the lipid bilayer while

the others extend through the membranes. The lipid layer of membrane
consists of phosphatidyl choline, phosphatidyl ethanolamine and
cholesterol. The fatty acids of the membrane are quasifluid in character

"at normal temperatures. The fluid character of membrane is largely
determined by the structure and relative proportion of unsaturated
fatty acids. The membranes containing more unsaturated fatty acids
are more fluid like and active transport across such membranes takes
place more rapidly.

(A) Blood-brain barrier

The blood-brain barrier prevents central nervous system (CNS)

against the action of neurotoxicants. This site is less permeable than
other areas of the body. The entry of toxicants to CNS is prevented
because of the following three reasons :

(i) capillary endothelial cells of CNS are tightly joined with a few
' or no pores between the cells;

(ii) the capillaries of CNS are surrounded by glial cell processes
and ,

(iii) protein concentration in interstitial fluid of CNS i
is
than elsewhere in the body. ' much less

Thus, entry of toxicants in capillas : .
Tl . pillary endothelium and glial cel
membranes, in order to gain access to interstitial fluid, is l'gs'cricted1

Low protein content in interstitial fluid further affects the distributio
, n
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of toxicants to CNS. These adaptations protect the CNS .from the
action of toxicants. The effectiveness of blood-brain barrier varies

from one area of the brain to another. The entry of toxicants into the

brain follows the similar principle as in case of transfer across other

cells in the body. The toxicants not bguri_d to plasma proteins gain
entry into the brain. The blood brain barrier 15 not completely developed
at birth and because of this reason some toxicants are more toXic 1o

new-borns than to adults.

(B) Placental barrier
" A number of layers of cells are interposed between foetal and

maternal circulations. These are termed as placental barriers: The
number of layers varies with the species and the state of gestation. It
s believed that relatively thin placenta as that of rat is more permeable

to toxicants than those of thicker placenta, such as 11 goat. The
number of layers in placenta also changes during gestation. For instance,

in rabbit, at the beginning of gestation placenta has six major layers
whereas at the end of gestation only one layer is present. Most
toxicants pass through the placenta by diffusion. Placenta has capacity
of biotransforming the xenobiotics, which may prevent the access of

some toxicants to the foetus.

1. ABSORPTION OF TOXICANTS

The absorption of toxicant may be defined as a process by which
the toxicant crosses the. body membranes and enter the blood
stream from where it 1S distributed to the specific site or more
diffused sites. ‘

T}}e toxicants .penetratc the body membranes by the processes
aff;c;tmg the physiological absorption of oxygen, food-stuffs other
nu stanc : ’

i me:{; ::d eﬁ;retobry subaFances. Thus, a toxicant may pass throug
e either by passive transport or by specialized transpor’

(A) Passive transport

(1) Simple diffusion : It is simplest type of exchange mechanis™

effecting tr )
g transport of substances in response to concentration gradie‘“‘.

i.e. from hi )
ph ffusi;?j glcil;e; (::to;csn]tratlon to lower concentration. This type Of
fransport the rnembranz : : expendlt‘{re of energy and during pass’
“Most toxicants Cros ystem practically offers no resistance:
pounds disfﬁrlrslzmbran6§ by simple diffusioz‘j. 3
ereas larger organiacroSs lipid membranes throue H
¢ molecules diffuse across P~

gmd¥

channels, wh

|
|
|
|
|

1|

"L‘i;-h {

sons
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Lipo hilic substances, such as ethanol, DDT, ¢, readi]

]| membranes by simple diffusion. The rate of trap fy Pass throug,
c 1 membranes is dependent on thejr Ster of toxicantg

ss c€ : linid 1S '
?cf:gq of toxicants has low lipid solubiij o heicesfshillg. tThe 10nized
. 1 so enc :

(if) Filtration : Substances of low molecular weight, which
? are

adily soluble in water, can pass through the pores of membrane
S

' ient flow of water. p
long with sufficien er. Passage of o
tahese channels is known as filtration. ubstances through

(B) Special transport

(i) Active transport : In active transport substances are moved
against electrochemical gradients and maximum transport is exhibited
at high substrate concentrations because of saturation of the ransport

system. The transport. system is selective, certain basic structural
requirements exist for the substances to be transported. The active

transport requires energy, so the metabolic inhibitors block the transport
process. -

The toxicants are actively transported across cell membranes by
forming complexes with macromolecular carriers on one side of the
membrane. The complexes pass to the other side of the membranes,
where the toxicants are released and thereafter the carriers return to
the original surface. Active transport is especially important in toxicology
for the elimination of xenobiotics from the body of organisms. :

(ii) Facilitated diffusion: In facilitated diffusion, transport }?f
foxicant is carrier mediated, but it does not take place against the

Concentration gradient and the process is not energy dependent.

\lil) Additional transport : Phagocytosis and pinaco};:ytoes:l;o?;‘;
2dditiona] transport processes through which the cell membran

G : icolo
?nd engulfs the particles. This type of transport is important in toxICOI0EY
Or:

i by alveolar
(@) the removal of particulate matter from the alveoli by alve |
phagocytes, and , tod by the
(6) .the'removal of toxic substances tl'rg;n.bloo
reticuloendothelial system of liver.and oy

ltes of absorption‘

oAcc.ordi"g to sites of exposure, there
'Plion. For instance, toxicants applied to

rious sites of

may be va the body get

abg pically over
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absorbed through the skin or ‘intégume-nt. whereas Foxic'fmts ingested
.orally are absorbed in the gastrointestinal tract. Likewise, toxicants

applied in vapour form are taken in through respiratory _route and are ;
thus absorbed in the lungs or gills. Substances ingested intravenously
are directly distributed in the body. '

(A) Absorption through skin

Fortunately, the skin is not very permeable and is, therefore, relatively
a good lipid barrier. The skin represents an almost continuous barrier
to xenobiotics. The outer nonvascular layer consists of cglls pacl;ed
with keratin, which limits the transport of toxicants. The underlying
dermis is more permeable and vascularized, but in order to reach the
systemic circulation through the skin, the toxic substances would have
to pass several layers of cells in  contrast to gastrointestinal tract
where only two cells separate substances from the blood-stream.

Solvents, such as carbon tetrachloride, that are highly lipid soluble,
absorbed percutaneously. exert systemic:toxicity following absorption
by this route. Small hydrophilic substances, such as hydrazine, sufficiently
absorbed through skin cause systemic toxic effects as well as local
effects. Damage to outer horny layer of epidermis increases absorption

and a toxic compound might facilitate its own absorption n this way.
(B) Absorption by gastrointestinal tract

Absorption from gastrointestinal tract is a major route of entry of
many toxic substances into the body of organisms. Absorption may
occur along whole length _O_f_ the tract. The site of absorption for any
particular toxicant depends on its physico-chemical properties and the
conditions in that area of the tract. The lining of gastrointestinal tract
presents a continuous lipoid barrier.

Many environmental toxicants enter the food-chain. They are
ingested by the organisms occupying higher trophic levels and are
absorbed by their gastrointestinal tract. This site of absorption is of
great interest to forensic toxicologists because suicide attempts involve
an over dose of an orally ingested toxicant. Oral intake is also very
common route by which children or enemies are poisoned.

The sgbstances‘ ingested by oral route do not produce systemic
eft_‘ects unless they are absorbed. The substances, which are weak
acids or bases, get absorbed by diffusion in unionized form. The weak

organic acids are absorbed in the stomach, whereas weak organic
bases are absorbed in the intestine. '
0 o - I
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(C) Absorption by lungs

Absorption via lungs is an important 10
volatile solvents, aerosols anci‘i1 1in some callpsizs ro lipi uble and even
surface area of lungs is highly permea : nd 1s
some lipid insolubleg substances. The blood flows very I af;ﬁgya lipid
‘separated by 10 pm from the air in the alveoli. Conseq diffusibn-
soluble and volatile substances are rapidly al?sgrbed by .p.asswcle) s
The passive diffusion depends on their lipid .sol_ublhty. Co absorbed
matter, such as air-borne particles of uran.am dioxide may be a
by pinacocytosis.

The most frequent cause of death from Poisoning by lcf[ar";rolg
monoxide and an occupational disease silicosis are the resuits

examples of absorption of air-borne poisons by the lungs. Th{S site of
absorption has been used in chemical warfare (e.g., cl:x]ormf: gas,
phosgene gas and mustard gas) and for executing criminals in gas
chambers (chamber containing hydrogen cyanide). Bhopal gas tra,gedy
is an example of industrial accident, which claimed thousands of lives
and these killings may be cited as an extreme example of absorption of

methyl isocyanate gas through the lungs.

(D) Absorption through special routes

Usually the toxicants enter the blood stream following absorptioh
through skin, lungs and gastrointestinal tract. But, sometimes, the
toxicants are administered in the body of laboratory animals through |
special routes, such as (i) intraperitoneal, (ii) subcutaneous (iiD)
intramuscular, and (iv) intravenous injections. The toxicants are directly

administered into the blood siream through intravenous route

Administration of toxicants through intraperitoneal route results in rapid

absorption of toxicants primarily through the portal circulation b

of the large surface area and rich blood supply to the peritoneal ecause
Toxicants administered subcutaneously and intramuscular] 5 a bCav1‘ty.
at slow rate. This can be altered by changing the bloo}:i ;‘F absorbed
area and the medium in which the toxicant is administer p OW to the
the toxicants administered intraperitoneally enter the €ed. Most of

: . X . li i
| clrculathn bcfgrfa it reaches the general circulation o‘tfetrhwa portal
Therefore, sometimes the toxicant may be Completely bi € animal,
and excretediinto the bile and thus it never reaches ol otransformed

O i QO target sit
2. DISTRIBUTION OF TOXICANTS tes.

Some toxicants readily pass through membrangys b
easily distributed throughout the body, whereas others E(111'1'lers and are
- | O not readj]
y
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parriers and thus their distribution is restricted.
e barrl

pass through thes ‘ ion. the X enobiotiCS_ reaCh the blood stream

Following their absorption, =% © % e toxicant is absorbed large)y
The part of :on through the skm leads o
depends ont wh xicants reach the pulniqnary cucu}ation
peripheral blood SUPPY: BLIC oy the Lungs. ADSOTESOn o toxicans
fﬁiz)iw;lnggazl;fégniestinal tract results in their entry 1nto the portal Supply
E)f thegliver.

o dly.
distribution usually occurs rapl _
toxig;;s 1’co the tissues 18 Jetermined by the blood flow through the

organ, and ease with which toxicant Crosses .thc? ca_pillgry wau? sind
penetfates the cells of a particular tissue. The distribution into particular

tissue involves crossing of biological membranes and the prmcipl.e of
absorption across nes has already been described

the cell membra . :
earlier. Thus, the eventual distribution of toxicants 18 Jargely dependent

on their ability to pass through cell membranes of various tissues and

their affinity for these tissues.

The concentration of toxicant in plasma is very important as it
reflects the distribution of toxicants into various tissues or the target
. tissue. Toxicants, which are highly soluble in lipids and readily distributed
to tissues have low concentrations in the plasma. On the other hand,
the substances that do not readily distribute into tissues may have high
concentrations in the plasma. The volume of distribution can be quantified

by the following formula :

NTS
TRANSLOCATION OF TOXICA

The rate of distribution of

Dose (mg)

VD (D) = :
Plasma concentration (mg/1)

The vqlume of distribution sometimes indicates that the xenobiotic
compound is localized in a particular tissue or is mainly confined to the
Itarllzsnlla. Thus, if a substancg is distributed mainly in the adipose tissu¢
t rrﬁuizms Cleoncentratl'on will be low and in accordance with the abov¢
diStribu'Eion ‘é}llne of distribution will be more. During the cours® 0
b organ and s’ 1;ﬁ,’c.oxmant may get concentrated in a particular tissue of
vl } Such tissues or sites are termed as storage depots.

Another ST :
. I aspect of distribution having great toxicolo gical-implicatlf_)ns

ft 1 Lo s
' tothe plasma protg{nmdnts with plasma proteins. Several toxicants bin
. of the substance b: noncovalently. This binding affects the distributio”
. ;guse it is attached to a macromolecule, W'
- of toxicants to the site of ot DY diffusion. The distribut’®
e o0 ite of their action is particularly an importﬁﬂ‘
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aspect in toxicology. For example, organochiqy; oey &
pamate pesticides, besid ~1N€, organoph
and carod » D€S1des other neurotoxicany Phosphoryg
So, they must enter the CNS in order to produce t nts, act on CONg.
the entry of such substances to the braip ; | LOXIC effects. By
plood-brain barrier. The highly lipid s,
brain crossing this barrier.

B

Pt
3

Gtorage-depots (Storage of toxicants in certain tissyes)

uite often, the toxicants are conce : . :

8o mg toxicants achieve their highest conéennt;:;teiinlgt ilgeecs}iftic tlfsue?"
action and such substances are highly toxic substanceg Sof; y t}?elr
concentrate at sites other than their sites of action hence caﬁ Otlers
effects. For example, carbon monoxide has very’ high afﬁnistey ?SS
haemoglobin, hence accumulates in the blood occupying haemoglob(i);
molecules. On the other hand, lead poisoning occurs due to the inhibition
of a-aminolevulinic acid dehydratase (ALAD) activity present in soft
tissues, whereas lead is accumulated in the bones. Another example
is those of organochlorine pesticides, which are nerve poisons, but they .
accumulate in tissues having high lipid content. The compartment
where toxicants are concentrated or accumulated are termed storage
depots.

The stored toxicants hardly harm the organisms. The storage
depots can, therefore, be regarded as protective mechanisms, which
prevent the accumulation of toxicants at the site of their action, thereby
reducing their toxicity. The toxicants in storage depots maintain an
equilibrium with their free concentrations in plasma. The
biotransformation and excretion of toxicants lead to their release from

storage sites.

(A4) Plasma protein as storage depot - 1 d
. The xenobiotics can bind to several plasma proteins. ThCII'};) lga:;g
:)Vflth Plasma proteins is of special importance in towaloggiein: they
their attachment with high molecular weight plasma p Henc,e, the

c ! :
not cross capillary walls and other cell membranes e to produce

0 » A . ‘ it
U0d form of toxicant is not available at the targetdfsplace the first

n ; :
JUry. However, addition of another toxic agent can

he , : - : e in free form.
trom Plasma proteins, thus making 1t avallzgi.nt already takmg 2

Stance, jf : b ALAC s |
. » If a sulfonamide drug is given to @ P4 lycemic
s duces hypog
com:.tlc drug, the former replaces the latter and In | :

. . is most
min. It 18
The majority of toxicants bind to serum a0um?
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; “abundant protein in plasma, which serves as a protein depot and transport
~ protein for numerous endogenous and exogenous substances. Transferin,
.a, B-globulin, is important for the transport of ions in the body.
. Ceruloplasmin, another plasma protein, carries most of the copper -
ﬂle serum. o and B-lipoproteins are very important plasma proteins
for the transport of lipid soluble substances.

- (B) Fat as storage depot :

Many xenobiotics, such as chlordane, DDT, poly-chlorinated
biphenyls, polybrominated biphenyls, efc. are highly lipophilic substances,
which are distributed and concentrated in body fat by simple physical
dissolution in neutral fats. The toxicants with a high lipid/water partitio.ni
coefficient may be stored in the body fat to a large extent. This
storage. lowers toxicant concentration in the target organ and serves as
protective mechanism. The toxicity symptoms can be produced by
3 ‘short-term exposure of organisms previously -exposed to persistent
é chlorinated poisons. :

©) Liver and Kidney as storage depots

Liver and kidney concentrate more toxicants than other organs of
body. Both these organs have the capacity to excrete xenobiotic
substances. In addition, the liver has great capacity to biotransform

these substances. Intracellular binding proteins are important in
accumulating and storage of toxicants within liver and kidney. Ligandin,
a y-protein, occurs in the cytoplasm of hepatic cells and has high
affinity for organic acids. This protein plays an important role in the -
transfer of organic anions, azo dye and cortico-steroids from plasma to
liver. Metallothionin, another binding protein, is present both in the

‘liver and kidney, which binds to the cadmium. Liver has the ability to
concentrate lead 50 times greater than plasma within 30 minutes after
single administration. - : |

(D) Bone as a storage depot - __ .

Bone also serves as a major storage site for certain toxicants, such
as lead, fluoride and strontium. Of these .toxicants, accumulation. of
lead in skeletal tissues is'more pronounced, as it comprises of 90% of
the total lead in the body. The deposition and storage of toxicants in
bone may or may not be detrimental. For instance, lead is not toxic to
the bones, but the accumulation of fluoride for long-time causes siceletal
fluorosis. Likewise, long-term accumulation of strontium produces
osteosarcoma and other neoplams.
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3. BIOTRANSFORMATION OF TOXICANTS S
~ During the course of distribution, the toxicants reach certain Org

. on . rmation
- tissues having high enzymatic activity, hence greater bmtrafsigs these
potential, such as liver. In the liver and certain other organs,

: . hilic
xenobiotic compounds are biocatalytically converted mtoth)l,ldrc;?ts of
forms to facilitate their excretion from the body. Almost 2 bStanCCS
the body possess some activity against these xenobiotic su ’

| : ; i iver. A
but the major enzyme systems are present mainly in the l}zzn A
detailed account of biotransformation of toxicants has been gl
separate chapter. : -

4. EXCRETION OF TOXICANT

The excretion of toxicants from the body of organisms 18 an 1mportant
step in the translocation of toxicants. As a result of excretion, the
activity components of toxicants are eliminated outside the body of
organisms and are thus not available to produce adverse effects. The
rapid elimination reduces the duration of exposure of chemicals to the
biological system. Hence, the rapid removal of toxicants reduces the
extent cf damage.

The plasma half-life or whole body half-life of toxicants reflects
the rate of elimination of toxic substances from the biological system.

The most important route of excretion of toxicants is their passage
through the ki;i,ﬁéy into the urine. Other routes are biliary excretion,
excretion of IWQ{atile and gaseous substances into the expired air from
lungs and excretion through gastrointestinal tract, milk, sweat and other
fluids. :

(A) Urinary excretion

The kidneys receive around 25% of the cardiac output of blood.
So, they are exposed to and filter out a significant proportion of toxicants.
Large molecules, such as protein do not pass out through the intact
glomerulus and lipid soluble molecules, such as bilirubin, are absorbed
from the kidney tubules. Hence, the excretion of relatively small and
hydrophilic molecules from the blood stream into the urine takes place
and this occurs by any of the following three mechanisms:

(#) filtration from the blood through the pores of glomerulys:
(ii) diffusion from the blood stream into the tubules; and ’
(iii) active transport into the tubular fluid. -

- The structure of kidney facilitates the elimination of xenobiotic

unctional unit of

passage of sma]j
trafiltrate and thig

the kidney is nephron. The nephron permits the

molecules from blood in the glomerulus into the ul
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Figure 9.4. Structure of the mammalian kidney

Lipophilic substances passively diffuse out of the blood against

"concentration gradient. But, these substances are reabsorbed from

the tubule back into the blood, by passive diffusion because of the
concgntration gradient from tubule to blood, if they are not jonized at
physiological pH. However, the hydrophilic substances once passed
out of the blood into the tubule cannot be reabsorbed by passive

diffusion because they ionize at tubula out
: they pass
through the urine. Pt laemce o

hdngiu%?lilgkdlfﬁllsion- of substances from the blood stream 0 t};‘;
the amount of CS place against concentration gradient. Hence, &7 eat
a Of substance in the blood, greater would be the rat€ g
passage of substances into the kidney tubules
ort and facilitated diffusion occurs With the
At high concentrations of toxicants in plasmﬂ’
Saturated. Consequently, the rate of eliminati?

by means of active transp
help of specific carriers.
€ carrier molecules are
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sins constant. At high concentrationg o :
excretion by means offpasswq diffusion against
iakes places the rate of excretion would Increase, Whereag j
pocurs Via active transport, the rate of eXcretion woulg i as 1.f eXcretion -
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(B) Biliary excretion.
The large polar substances having a molecular weight of 300 or so

are eliminated through biliary excretion. This route js inde '
w clminated hrou ed a prominent

The bile is secreted in the liver by hepatocytes into the canaliculi
from where it 1s transferred and stored in the gall bladder for some
time. From gall bladder bile flows into the bile duct and eventually into
the intestine (Figure 9.5). Thus, the toxic substénces'ingested orally
reach the liver through the portal vein, where they are biotransformed

-+nd transported to the gall bladder with the bile, reach the intestine and
finally eliminated in the faeces. Excretion of toxicants into the bile is

an active process and there are three transport systems: one is meant
for the transport of neutral compbgnds, the other for anionic substances
and the third for cationic substances. | _ :

t the same time it has no effect op active tr

Liver

Gall Bladder ‘7

* Transport to liver via portal vein

—]

\ | % |
Ly ‘/ Duodenum

Biliary Excretion

. . ds.
Fi - : ute for foreign compoun .
1gure 9.5. Biliary excretion ro . ed throu gh biliary

e Th.e toxicants ingested orally and those rout e gut flora.
Xcretmn reach the gut, where they come 1 cont%(it w111 ophilic forms,
Wor,netlmes, the gut flora converts these tox1cants.1lftor P s may lead
o éch are reabsorbed and transported back to th?i) }:)‘;?c'substances and
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i TRANSLOCATION OF TOXICANTS

" fhe chemical substances into more toxic: \_)toducts, which could be
reabsorbed and may produce systemic toxicity.

For example, orally ingested normal glycoside, cycasin, 1S
biocatalytically hydrolyzed into a potent carcinogen, methyl azoxy
methanol. Thus, the biliary excretion may:

(i) increase the half-life of xenobiotics;

(i) lead to production of toxic products;

(iii) increase hepatic exposure; and
(iv) lead to hepatic damage.
(C) Excretion via lungs

Those substances, which occur predominantly in gas phasc at
body temperature, are principally eliminated by the lungs. This route is
very efficient route of excretion of lipophilic substances because of the
fact that the capillary and the alveolar membranes are thin and in close
proximity. Thus, the excretion of toxicants via lungs is related to their
vapour pressure. The pulmonary excretion takes place by passive
diffusion from the blood into the alveoli facilitated by the concentration

gradient. There will be continuous concentration gradient between the
blood and air in the alveolus due to rapid removal of gases from the

lungs and rapid blood flow through the lungs.

(D) Other routes of excretion
1 . () Excretion through faeces
) Many toxic substances pass through faeces. The appearance of
toxicants may be due to: |

(a) incomplete absorption of toxicants from gastrointestinal tract;
< (b) excretion through the bile, saliva, pancreatic secretion and gastric
( or intestinal secretion.
| (ii) Excretion through milk

Lipophilic substances are secreted in the milk. The excretion of
lipophilic toxicants through milk is important because:

(a) they may pass from mothers to new-bom individuals;

(b) they may pass from cow’s milk to human beings.

(iif) Another possible route of excretion of a few toxicants is through
cerebrospinal fluid: Such substances can leave the CNS with
the flow of cerebrospinal fluid through the arachnoid villi. The
lipephilic ‘substances can cross the blood-brain barrier and
eventually be excreted with the urine via kidney.

(iv) Certain toxicants can also be eliminated through sweat, tears,
semen, elc.
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