| V1. DRUG CLEARANCE BY THE KIDNEY
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| 'DrugsmUst be sufﬁciehtly polar to be eliminated frqm the h@;i},ﬂ.ﬁ@ma‘ 7
of drugs from the body occurs via a number of rqgtes, thelm‘os‘z :swz[?t;rtaxrxt
being elimination through the kidney into the urine. Pgtl@ms wz.tla ’renat !
dysfunction may be unable to excrete drugs and are at risk for drug aceu-
mulation and adverse effects. ' |

A. Renal elimination of a drug

Elimination of drugs via the kidneys into urine involves the processes
~ of glomerular filtration, active tubular secretion, and passive tubular
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1. Glomerular filtration: Drugs enter the kidney through renal arter-
ies, which divide to form a glomerular capillary plexus. Free drug
(not bound to albumin) flows through the capillary slits into the
Bowman space as part of the glomerular filtrate (Figure 1.19). The
glomerular filtration rate (GFR) is normally about 125 mUmin but
may diminish significantly in renal disease. Lipid'sg ity andpH
do not influence the passage of drugs into the glomerular filtrate,

However, variations in GFR.and protein binding of drugs do affect
this process. e e '

2. Proximal tubular secretion: Drugs that were not transferred into-
the glomerular filtrate leave the glomeruli through efferent arterioles,
which divide to form a capillary plexus surrounding the nephric lumen

-~ in the proximal tubule. Secretion primarily oceurs in the proximal
tubules bynergy-requiring active transport systems: one for
anions (for example, deprotonated forms of weak acids) and one for
cations (for example, protonated forms of weak bases). Each of these
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: 4, Dintal by reahaOiption: As i ding fovss ogsm e His
l eonvelited Wubule, e concantialion incisasss Al ey et
that of ihe peflvascular spacd. TR TG ihangesd,
fuge oul of 11 niyy ol i, back il thes syslariie ,:,;,{,‘_;; datien
Manipulating e gle pH o ncisian s iaction of onized ',5",”:,;
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ille, wenk aclda can be sliminaled by slialinization of the rine,
wheraas ellmination ol weall hases iy be incisinsed tyy i:!jif}{ﬁ!’:al
- lion of the wrine, This proces I8 Giallestt fion irappiniq) For A,
~a pationt presanting with phenobarbital (wonk scid) overdose car
be given bicarbonate, which alkalinizes the urine and keeps the
drug fonized, thereby decreasing It raabsorption,
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Role of drug metabollsm: Mogt drugs ire lipld soluble and, without
chemical moditication, would diffuse out of the tubular luren when
the drug concentration in the filtiate becomes greater than that in fhe
- perivascular space. To minimize thig reabsorption, druge are modi-
fiod primarily in the liver into more polar substances via phase | and
phaga Il reactions (doscribed above). The polar o lonized Zonjugates
are unablo o back diffuse out of the kidney lumen (Figure 1,20). Y,
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VIl, CLEARANCE BY OTHER ROUTES

Drug clearance may also occur via the ntestines, bile, lungs, and breast
milk, among others, Drugs that aro not absorbed after oral administration
or drugs that are socreted directly into the Intestines or Into bile are elimi-
nated in the faces. The lungs are primarily involved in the elimination of
angsthetic gases (for example, /soflurane). Elimination of drugs in breast

Tk may expose the broast-feGding nfant to medications and/or metabo-

lites belng taken by the mother and Is a potential source of undesirable

sido effects to the infant. Excretion of most drugs Into sweat, saliva, tears,

“halr, and skin occurs only to a small extent, Total body clearance and
drug halt-life are Important measures of drug clearance that are used to

optimize drug therapy and minimize toxicity.

- A _Totallbody clearanéé

The total body (systemic) clearance, CL, is the sum of all clear-

~ ances from the drug-metabolizing and drug-eliminating organs. The

: ffg.jig kidney Is oﬂen‘tﬁg,major organ.of-elimination. The liver also contrib-
ri{;:.fi?ta'@ry“ﬁs G ditg clearance through metabolism and/or excretion into the

 bile. Total clearance Is calculated using the following equation: -
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more frequent dosing intervals. A /

yiil. DESIGN AND OPTIMIZATION
" OF DOSAGE REGIMEN

Ty

To inftiate drug therapy, the clinician must select the gpprofpnate route
of administration, dosage, and dosing imen{al. Sglecﬂon of a regimen
depends on various patient and drug factors, mciud:r)g hov'/ rapidly thera-
peutic levels of a drug must be achieved. The regimen is then further
refined, or optimized, to maximize benefit and minimize adverse effects,

A Continuous infusion regimens

Therapy may consist of a single dose of a drug, for example, a sleep-
inducing agent, such as zolpidem. More commonly, drugs are con-
tinually administered, either as an IV infusion or in oral fixed-dose/
fixed-time interval regimens (for example, “one fablet every 4 hours”).

- Continuous or repeated administration results in accumulation of the
drug until a steady state occurs. Steady-state concentration is reached

~ vhenthe rate of drug elimination is equal to the rate of drug administra-

-~ fion, such that the plasma and tissue levels remain relatively constant.

1. Plasma concentration of a drug following IV infusion: With
- continuous 1V infusion, the rate of drug entry into the body is con-
- 'mang, Most drugs exhibit first-order elimination, that is, a constant

, 1racuoq of Athe' drug is cleared per unit of time. Therefore, the rate of
dmg el{rrnnaucn increases Proportionately as the plasma concen-
tration increases. Follgwing’ initiation of a continuous 1V infusion,
g:i plz‘?;?;a c?ncentratmn ofa drug rises until a steady state (rate of
" ';gh' s gon equals rate of drug administration) is reached, af
. Which point the plasm r of the drug remains constant

a. Influence of the rate of infusio

rate is doubled, the ¢ e ;
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- Thus, any factor that decreases clearance o u e, ¢ 9149
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