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Uitk cotlelly o ekl Introductione e Lo S0 e
o esorPlions T Reces T Ta-
be « Drug elimination is the irreversible loss of drug from the body. o

W« [t occurs by two processes: metabolism and excretion .

Saliva Hen  « Metabolism consists oand that is, respectively, the

odler <utllews  build-up and breakdown of substances by enzymic conversion “of one
TSP S Rt chemical entity to another within the body, whereas excretion consists of
Wi Reel elimination from the body of drug or drug metabolites.

—— o The main excretory routes are:

"““35 "f%r ark, The kidneys
in exaekion » The hepatobiliary syst
e » The hepa ary system
Uolahle G Pases . . e :
»The lungs (important for yolatile/gascous anaesthetics)
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Introduction

w« rugs leave the body in the urine. eithe{unchanged or as polar metabolites)
+ (Som®)drugs are secreted finto bilé [via_the Tiver) but most of these are then

_reabsorbed from the intestine.

« There are, however, instances (¢.g. rifampicin) where faecal loss accounts for the

elimination of a substantial fraction of unchanged drug in healthy individuals, and
d in urine

faecal elimination of drugs such as digoxin that are normally excrete
becomes progressively more important in patients with advancing renal
impairment.

« Excretion via the lungs occurs (only with highly volatile or gasw(c.g. y

general anaesthetics).

o e~ compared with renal excretion, although excretion

Mok in@ries
meskwmn

Introduction

« Small amounts of some drugs are also excreted in secretions
such as milk or sweat.

« Elimination by these routes is quantitatively 'negligible -

< can sometimes be_important because of effects on the baby
, Lipophilic substances are not eliminated efficiently by th

polar products, which are then excreted in urine o
et

P @Jl EHIRIN

e kidney, o LipePhilic Con ( bé  excreted (o MilK \chw\“ Y [5a=>e
« Consequently, most lipophilic drugs are metabolised to more™ - &crrcsk:»)’ (
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Mekabolism o Drug Excretion

* Drug excretion is the removal of the intact drug:

«Wonvolatile drugs\are excreted mainly by renal excretion, a process in which ’

the drug passes through the kidney to the bladder and ultimately into the
urine.

-or drug excretion may include the excretion of drug into

bile, sweat, saliva, milk (via lactation), or other body fluids.

- Volatile drugs, such as gaseous anesthetics or drugs with high volatility, are
excreted via the lungs into expired air

DN& eliminaton relers fo itreversible cemoval of drug Gom
the bedy by oll foukes ol e)i minakion

Drug Excretion

« Elimination of drugs by the kidneys is best quantified by the renal clearance
ren,/*
« This is defined as the volume of plasma containing the amount of substance that
is removed from the body by the kidneys in unit time.

« It is calculated from the Co! wconcemration (6
and the rate of flow of urine, V. by the equation S
I C“’"L -(Cu><Vu)/C fendlin T G %ru_cj_,u ew)—ion 9 @l‘rrahomhp_sJ

en e Cu »3
CL,., varies greatly for different drugs, from less than 1 mL/mm to the theoretical

maximum set by the renal plasma flow, which is approximately 700 mL/min,
measured by p_-aminohippuric acid (PAH) clearance (renal exiraction of PAH

approaches 100%).
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Drug Excretion

'Wmte at which they are
ngﬂg\ﬁcﬁ penicillin, which
is (like PAH) cleared from the blood ~almost
completely on a single transit through the kidney. to
amiodarone  and risedronaic,; which are cleared
extremely slowly. -

____,_’.‘—/—’_-'—\
* Most drugs fall between these extremes.
Bhiomes N 3000 215 X508 Loy

Drug Excretion

Renal clearance:

« One method of quantitatively describing the renal excretion of drugs is
by means of the renal clearance value for the drug.

« So renal clearance can be used to investigate the mechanism of drug
excretion:

A-If the drug is filtered but fot secreted or reabsorbed Yhe renal clearance
will be about 120 ml/minyin normal subjecTs. DG F Hutedd but withst SerdHor

B- If the renal clearance is less than 1 20 ml/min then we can assume that O/ ffubcc( Pher
at least two processes are in operation, glomerular filtration and tubular

“Fe-absorption. Dug 7, palel € feabierbed

C- If the renal clearance is greater than 120 ml/min' then tubular secretion
must be contributing to the elimination process. Drug £1\fofed § Thee 1< Secte Hon

S(SETeRa): TN oo o) Q}Le?g‘(_"g.
};&%M S g“'f‘a}‘lom‘@JJ:Qf b Dhugs e

Aok (2 D9 Secidion (& =
O(W;i}; (enbﬂof%" n d&“"}‘e Gs=9¢ A1 N 3_'):_9 0)9?3—““ Qlerm,L bubule 4
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Factors Altering Renal Drug Clearance

Mdrug clearance is lower}[therefore you must reduce
dose] in: T

b * Elderly and Newborn /
of
* Women (20%) than men, .
\A’jﬂ] Ra ?f*("‘“"’?)"“w"‘ odoe 08 o wed fow 5

we sk | Kidney and Heart Disease o W e e
Yedue — R ) Gl §e0 Govalnhon S 422

: * Patients taking drugs whiclk block™ secretion (aspirin,
olose 7 probenecid) ;

when  (enal Cleaance & Now
We musk  Ceduce dose

Eferert a 4SS Bebna)) L d *
Ackve hubar  Secrebont geudmj,?%t\ m A i L)_Su . \‘_}3 (}.(f

o 22 gba Nos 2 It
R T ~ 3

Drug Excretion

+ The major organ for the excretion
“of drugs is the KIDNEY--—
« The functional unit of the kidney is

- 0 Mtthe nephron in which there are three | W

fundamental processes account for,

renal drug excretion:

(s)
% i ok
—» ok ndhins
1. Glomerular filtration Conc. $ap |
S ko O teswe in G Hfygnlf W —_—
2. Active tubular sécmﬁblo%w“k*"wm" o ule% . .

to teadl o g
3. Passive tubular reabsorption ;  thn Q&ﬁ:’a e
o D (diffusion from the concentrated - =
o oSy tubular fluid back across tubular o

Ploed U 45 epithelium):

) 7
Do 5 Te) GIER s on s 0B s G b e

\“‘(‘;’L (ﬁ:’e The Uline Wl be St Yo \adborh ,wlee o bt Called
3 on ACR ( Albumin Yo - cantinine @HY) s done. M ACR Shows
\ou Goné: Whether g, ave o Yofe ,,\Q Proleiy Clled albumin in Your uiine

-2 DA caBlon occ” Crom wbular fe{‘“d to blood \
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Dalten (Da)
m unit ,and Kiledalten CKDJ) IS 19000 dﬂ“cfls.Thus R

is an allenate Name for alemic

Pe?%ole with mass of &4 KDa has a molaadar M«gu \
ol EU,000 9fams far mole
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free dug <20kDa Fratioeiiol stk
i e ————, dtrahion of smaller molecules
G Vo?\ ¢S PA) ulide e o dig Qs a2 (<+5
[V
2) Active tubular secretion: 1_

Proximal Tubule nctrofitas
separate lr'msport systems for weak acids and f':&? {{'I:;'f]“",‘v"’l"; " ption of water
bases Cu \ ,a/) LD = D1 Hi Tubule

redbsd()"\(h Pl\s sve transter of ipad soluble
‘4» LW £ Han drugs andreabsorption of vater
Loop of Henle
Reabsorption of
3) ihssive tubular rc-‘lbsorptlon \w;‘nw’pl Dm Nephron of the Kidney

IX I’assiﬂglomerular filtration: ( Frcm

——1snekey Dﬁ*‘ﬁ Cp"(.\ g o =/ 0 fabudar ﬁdcl M’)OV\

Drug Excretion
\D\coa Yo boumans Gogule)

Bowman's Capsule (Glomerular)

Co adient drives diffusion of unchanged l
Urine

drug back into systemic circulation- urine pH
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Drug Excretion

1. Glomerular filtration

« In the glomerulus all drug molecules of low molecular weight (less than 20 kDa to
pass into the glomerular filtrate (are readily filtered out of the blood unless they are

tightly bound to plasma proteins (albumin 68 kDa)). =~ Plasma Prokein o8 —‘D—‘)’f" o)

. [f a drug binds to plasma albumin, ‘only free drug is filtered? If, like warfarin, a

rug is aggro‘mnately 98% bound to albumin, the concentration in the filtrate is

only 2% of that in plasma, and ¢learance by filtration is correspondingly reduced.

o The filtration rate is often measured by determining the renal clearance of~
creatinine.

-15 readily filtered in the glomerular and is not subject to tubular secretion
or reabsorption. So its clearance is equal to lhc glomerular filtration rate ;\
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2. Tubular secretion them

* Only less than 20% of renal plasma flow is filtered through the glomerulus, leaving at
least 80% to pass to the peritubular capillaries of the proximal tubule.

2 are responsible for transferring the drug to the
tubular lumen (one for acidic and one for basic drugs; respectively)
* The process is active and so: ®, QT %'%rb%qg\iélmg ?‘"Cj s

i .
=_It can transport all of the drua%ver;t]f 1t is bound to plasma protein) making it the most
effective renal elimination mechanism.’

« ‘Penicillin; 80% protein-bound is cleared only slowly by filtration but almost completely
removed by proximal tubular secretion
ECIIUNCH DY, PIOSTMAL IOLRAT S Ton

« Competitive inhibition of the secretion of one compound by another may occur (inhibition
of excretion of penicillin by probenecid)

L incbit Secrehion of Paiallin .o ClLren
th/fldl“v‘) L\“n dwm(e

E@ Becuse o least 301 of dng deliveed to Kidney is Presented b
the Carter upwlar secrehen 1< REkakily he mesk ©28chve meChansm
ot feral drug elminodion-unLike gem@rular Blirdton , Gerrer—mediake/
YanPort (an achieve maXimal drus cleamaze even wihen mach
Ing banlte Py, 1o cretion
Nk c;ar\if.buk‘_‘l l—bmc‘SHj Conkibule Rotth wader (eabsorPtion
yeo muck- + Inthe loop of Henle, 99% of the filtered water is reabsorbed.

WV A9 L A1l solutes (including drugs) in the lumen are there

Pl il ool
* When the drugs reach the distal tubules their high luminal
concentration favors their reabsorption

3. Tubular reabsorption

In the distal tubules there is passive excretion and reabsorption of

lipid _soluble drugs. hilic _drugs Hare extensively
reabsorbed. Thus, if the drug is non-ionized or in its unionized form it
maybe readily absorbed. o
e iy
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Drug Excretion

* Tubular reabsorption
« Many drugs are either weak acids or bases and therefore the pH of the filtrate can greatly
influence the extent of tubular reabsorption of many drugs:
*+ When rine is acidic) weak acid drugs tend to be reabsorbed

+ Alternatively when(urine is more alkaling, weak bases are more extensively

« Urine pH varies from 4.5 to 8.0 depending on the diet (e.g. meat can cause more acidic
urine) or drugs (can increase or decrease urine pH.

reabsorbed

« Tn drug overdose; it is possible to increase the excretion of some drugs by suitable

adjustment of urine pH

""\i'.“ ke .W.eak_acid overdose (Aspirin or phenobarbital), we can increase renal excretion by
(&%’;\é - jnjection of sodium bicarbonate (we Gn 0cres VY Yo decrease f%ﬂbfcrﬂ—bﬂ)
a6 Veod | ° While in Weak bases overdose'(codeine and amphetamine), ammonium chloride will lower
A bxid_*j the urine pH and increase the ionization of the bases
A\ pa Redwerpbion o Unionized bosiedag Le g% -
= = = % Tar i
{ontzed 972 Plosma Genc- M > Ny )
g B T s R ;
PeboPlores» o & 272
&\9 P ——— Renal artery 'Z:;«P)) a__w)‘\-@ '\'/j‘p'
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/ 0\}9 'gi::fgevi@; - et | o) 6nePhion
f)jﬁ / / v Drng X %”’(‘aHor\
Lipid- = Paggvo : \_@\)J M\}) lAQ“ k;g'\n
soluble reabsorption
No B \lahion ® v Le I Divgs| ! >

‘@)( bowxel d(‘&‘ﬁ, SrenE Nonlpid- +here iSP‘\"M“z &:;‘I o - ‘S‘\"}>
s Teobsorplion 's ey
buk oly Secrehoy  comnae mara 3500 | Unlonized duey gc‘md\ L)\ZS
= Ay ) 2 \ghd T
Carier) € © o) Bladder )/-\driw, le
Rasicldig L) & G Vst W 0
Ad()l(_o‘hﬂ_” SQIM Renal voin or SmHOh g

Rucsive @bSo{PJ‘;O"ﬁ@J a2
cledimaudd as 15722 &

Lafettic deug
A\botion 5 Segehon r@ljp
Une & @ Bldder o e

Scanned with CamScanner

O& A go ¢ b
Do gl @

&


https://v3.camscanner.com/user/download

mu

5 LS\" 'Z_J

Main Highlights

. Edost arugg unless highly bound to plasma protein, cross the glomerular
tilter freely.

' especially weak acids and weak bases, are actively secreted

into the renal tubule and rapidly excreted.
Elpld soluble drugs hre passively reabsorbed along with water by diffusion

across the tubular barrier, so are not efficiently excreted in the urine.

$ @ecause of pH partition) weak acids are more rapidly excreted in alkaline

urine, and vice versa.

«[Several important drugsjare removed predominantly by renal excretion,
and are liable to cause toxicity in elderly persons and patients with renal
disease.

Drug Excretion

Hemodialysis: —» Dords on  Pasive dr#lson

« Hemodialysis. also spelled haemodialysis, or simply dialysis or “artificial kidney' therapy is
used in renal failure to remove toxic waste material from the blood which are normally
removed by the kidneys.

« In the procedure blood is diverted externally and allowed to flow across a(Semi-permeable)
membrane that is bathed with an aqueous isotonic solution. Nitrogenous waste products
and some drugs will diffuse from the blood, thus these compounds will be eliminated.

* This technique is pamcularl) important with drugs which:-
AHa\: go.od water solubility : " o thon_j\) ,\9’\2)| O S b (XS
. Are not tightly bound to plasma protein
9 S P U (3

ks
2

3. Are smaller molecular weight; and ‘\,\J\“
4.
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* Drugs w lmh .nh' u;,htl\ bound or extensively stored or distributed into tissues are
poorh remoyved by this process.
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Drug Excretion

2Hepatobiliary excretion: )

Fecal excretion) Elimination of toxicants in the feces occurs from two processes:

A- Excretion in bile:

- Some(heavy metal9are excreted into the bile, e.g., arsenic, lead, and mercury.”
However, the most likely substances to be excreted via the bile are’
comparatively large, ionized molecules, such as large molecular weight (greater
than 300) conjugates e.g. morphine and chloramphenicol (as glicuronide). /

- The biliary secretion is active since bile/plas ions maybe as high
as 50/1. There can also be competition between compounds.

o 4 W A @n el o Lo 39 o )
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Drug Excretion

* Once a substance has been excreted by the liver into the

St .

bile, la)nd subsequently into the intestinal tract, it can

i imi : s |
-bereabsorhed. =) 50> N22 (YU Lo _
(&bﬁﬁ(icn Py -

* Since most of the substances excreted in the bile are [ ¥
water-soluble, they are not likely to be reabsorbed as |
such. However, enzymes in the intestinal flora are \
capable of hydrolyzing some glucuronide and sulfate
conjugates, which can release the less-polar compounds

% Coifyoget

that may then be reabsorbed. This process is known as [/ A S
the enterohepatic circulation. ) /
Lin rmst'x el te of dug in .
« The effect of this lﬁrfter‘gﬁ&)atic circulation is to prolong /

the Tife (t;);) of the drug in the body.

Enterohepatic circulation

kvl ’0\5\4‘\1 o140 (3
Joxs 51| \s®er dose A9 A
Yo &+ Some drugs are extracted sol efficiently by the liver or gut wall

Enterohepatic circulation

Cc:d\ﬁ that the amount reaching the systemic circulation is considerably
NasSew
ar Buceal) less than the amount absorbed.

+ This is known as presystemic (or first-pass) metabolism and
reduces bioavailability, even when a drug is well absorbed.

Presystemic metabolism is important for many therapeutic drugs
and is a problem because: A much larger dose of the drug is
needed when it is taken by mouth than when it is given
parenterally
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Examples of drugs that undergo substantial pre-systemic (“first-pass™)
elimination
\

. Aspirin
&_)\\9 . Glyceryl trinitrate
OQ\\O,\ I )/V . Isosorbide dinitrate
. Levodopa/
(\>}9 . Lidocaine

. Metoprolol

o)

. Morphine

. Propranolol

. Salbutamol

Verapamil

G
Leces IV ass @\J.ﬁ o o &) besauns 3V

Drug Excretion
* Another way that drugs can be eliminated via the feces is by:

B{Direct intestinal excretion:
ol GECLEHION:

- Orally administered drugs may be excreted in the feces if

they are incompletely absorbed or not absorbed at all (e.g.
Cholestyramine)-

- Increasing the lipid content of the intestinal tract can

enhance intestinal excretion of some lipophilic substances.

mineral oil is sometimes added to the diet to
help eliminate toxic substances, which are known to be
excreted directly into the intestinal tract.

-

L.\PQP\\‘\\: & ié ‘-3:);1 \_3(309\'\(\; C P
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Drug Excretion
Drugs may be excreted by passive diffusion from:
3.(Pulmonary excretiond
* The lung is the major organ of excretion for gaseous and volatile substances. -

Most qf the gaseous anesthetics are extensively eliminated in expired air. Some
of the ingested ethanol is excreted by exhalation,

4(Salivary .e_xcrem Q. &
* Drug excretion into saliva appears to be dependent on pH partition and protein
Blding. § Ulidaas
« In some instances, salivary secretion is responsible for localized side effects.
> For example, exeretion of antibiotics may cause black hairy tongue, (¥
Ci > Gingival hyperplasia can be a side effect of phenytoin.

3 > Superinfection from antibiotics.
Q0 >Dental mottling upon tetracycline ingestion. -

BLW which is caused as a side effect of
S Phenytoin
« Penicillin
« Erythromycin
« Doxycycline, and -
» Neomycin

Dental mottling upon

tetracycline ingestion
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Drug Excretion

5. Skin excretion:

- Todine. bromine, benzoic acid, salicylic acid, lead, arsenic, mercury , iron and alcohol are examples 0

<compounds thatexereted Tmrsweat:—

- Neonatal jaundice result from sulfonamide interaction with bilirubin.

6. Mammary excretion:
« Both basic substances and lipid-soluble compounds can be excreted into milk.
« Basic substances can be concentrated in milk since milk is more acidic (pH ~ 6.5) than blood plasma.

+ Since milkcontains-3-4% lipids, lipid-soluble drugs can diffuse along with fats trmrﬁc
mammary gland and thus can be present in mother's milk.

« Substances that are chemically similar to calcium can also be excreted into milk along with calcium.

« Ethanol and tetracycline enter the milk by diffusion through membrane porcs7(of mammary alveolar
cells). =2

e

« Mothers_smoking more than 20 to 30 cigarettes a day may induce nausea, vomiting, abdominal
__cramps and diarrheain the fnfant-

-
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