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g mnmica of metabofinm

1, First-order kinetica: The metabolic 1

Nghor £
catalyzed by gnzymes, snd most of the 1o
Menten kinetics,
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L= Pate of drug metabiotion .. /’ .

in most clinical ¢ artuﬁrcn, the
much less than the Michael] fig ¢
Renten equalion Teateas T,

Loncentration of the driag

gr 1) 1
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wonstant, € and the MichzZelis-
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¥ = Rate of drug metabolism = -(5?’- :
: \,,, 2

That s, the rate of drug metabafism and elifnin

portional {o the toncentration of free drug,
is observed (Figure 1 -15). This means th

et a constant fraction of
-~ drug is metabolized per unit of time (that is, with each ﬁar?—mc
the concentration decreases by 50%). Frrst-grggr Kinetics is alsg
referred to asdrnear kinetics, -

‘ 2. Zero-order kinetics: With a fen drugs such as gspirin, ethanol,
and Lhiﬂl_t_ﬂﬂ the dose

large. Therefore, TCT75 Fuch
greater thanK | and the vetccrty equation becomes
*—"/A—h

a’uar 1s directly pro-
and frrst—order Kinetics

v =Rate of drug metabolism = v"{LC[]Cl= Vs

The enzyme is saturated by a hj
-and the rate of tabolism rem

gh free drug concentratlon
- called zero-order kine

tant over time. This is

inet L_s\(gtso called nonhnear kinetics). A con-
- stant g is metabolized Per unit of time. The rate

o of elimrnation is constant and does not depend on the drug
concentratron : -

F—

B Reactions of drug metabohsm

 The krdney cannot efﬁcient!y élimihate"lipdphilié drugsithat readily
gloﬁsis Qe“ m ines and are reabso IR rictal Anmiial a0
ftloe TR, i
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polar (ydrophitie) subssianvas in the liver vie o Genoial sy o g,
- {lons, catled phase | and phage It (Flguie 1:10)

1; Phase t: Phage Liaactions convertipoaphilio droga inta i g,

o meleculas by umm]m in:; (313 mlm#mhinu 2] ;mim HTTRTRITRTENTY iy,
such as =0OH nt NH Plidae 1 reactions ngﬂ"‘f i 'uhu G
’“’"h«p i "1.1i(1[1 Of '1Vthi¥’elﬂ Phane | fistabolisn ey iqug,,ﬁw.
dm‘mq'in mhavn nn ﬁﬂ tunnh:m“h"‘\ml«mh activity

. S

a. Pham I reactions utilizing the PAS0 system: Tha phasg |

- roactions most frequantly invalvad in drug mstabolism aio catg
Iyzed by the eytochromg 2450 aystam.{pluo called miciosonyg
mlxcm ium.ucm oxidasan), The PALO systom i impnn it 1or tha™
metabolism of m: any endogenous compounds (such s Slee
rolds, lipids) and for the biotranstormation of nxug}ungm Wb
Stances (xenobiotics). Cytochrome PALO, dosignated as Cyp

~is a supertanly of hemo-containing is0zymas that are locatad

g In most cells, but primarily in the Iivm and Gl tract,

[1] ‘Nomenclature: The family name is indicated by the Arabic

~ number that follows CYP, and the capital letter dosignates

the sublamily, tor example, CYP3A (Figure 1.17). A second
number indicates the specific isozyme, as in CYP3A4,

[2} Specificity: Because there are many different genes that
- encode multiple enzymes, there are many_ dm@mmjdan
~ isoforms. These enzymes have the capacity to modity a
large number of structurally diverse substrates. in addi

L 7 tion, an Individ be a substrate for more than
= ~ one isozyme, Four isozym \es’are responsible for the vast
| majority of P450-catalyzed reactions. They are CYP3AA4/5,

CYP2D6, CYP2CB/9, and CYP1A2 (Figure 1.17).
Considerable amounts of QYP3A4 are found in intestinal
raugosa, accounting for first-pass metabohsm of drug¢ such

as chlorg romazine and 'Tcmmpam—"-

B ~ [3] Genetic variablltty P450 enzymes exhzbn cnnszderabte
- genetic variability among individuals and racial gmups
Variations in P450 aclivity may alter drug efficacy andthe
~ risk of adverse events. CYP2D6, in parficUrar, has been
~ shown to exhibit genetic p _l\mgrphtsm CYP2D6 mutaimsf?_
;j,result in very low capacities to metabolize substrates. Some e
S ';ndmduas fcr axamp%e obtain no beﬁeht smm ima am{zx{igi‘i{*_j
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 podalie, Yenause Wy ok the CYRI06 snzyme
, Tiaye bGen
i (s v £NEDIEY & " ;
chanacterizad for he GYRIG sublanily of lsozymes, For
' T l\' il AR .,'f?:_"&'q":,g.: R oy E ML a2, k
 intanos, Hloplagrel AT weaning that pationts who
i poor OYP2O19 stgholizols e 5 Wgho: Jngiiones
4 / ‘;’:‘“ } kN ﬁf “‘ﬂjnt‘“" {1or G f’{'}’ﬂ(‘; HF 1y )lgtjggr
dip! it h‘«.‘;i‘;ﬁlmy( 1 dsking tils dray, Clopldogral is 3 -
driig, and Gy p2o1 aoivity i roaulisd 10 convert it o the
aotive etabolits. Mmz}ughm t‘mmff orhibits & grester b
Oyl varlabilly betwoen individuals, ny polymorphisms
hiva besn ldentified so far for this PA%0 inozyrme.

[4] inducers; The  CYPABD-depondent enzymes are  an
 important torget for pharmacokingtic drug interactiony, One
suchJntegetion is the induction of selected C7E isozymes.
Yenobiotics) (chemicals not normilly Doguced or expected
\ti‘)néﬁf’%fim in the b()()y, for example, d,f'i}g:_—; agf IO
mental pollutants) may induce the activity of thise enzymes,

Certaln drugs (for example, phenobarbital, ritampin, and

rrrrrrrrr

carhamazoping) are capable of ncreasing e Syrithesis

—

Sroia or more CYP isozymes, This results in increased
piotransformation of drugs and can lead 1o significant
decreases In plasma concentrations of drugs rmetabolized
by thése CYP Isozyimes, with concurrent loss of pharma-
cologic effect. For example, rifampin, a0 antituberculosis
drug (see Chapter 41), signiticantly decreases the plasma
concentrations of human immunodeficiency virus (HIV) pro-
tease inhibitors, thereby diminishing their ability to suppress
HIV replication. St. John's wort s 2 widely used herbzl prod-
uct and is a potent CYP3A4 inducer. Many drug interactions
have been reported with concomitant use of St. John's wort.
- Figure 1.18 lists some of the more important inducers for
representative CYP isozymes. Consequences of increased
drug metabolism include 1) decreased plasma drug cor-
- centrations, 2) decreased drug activity if the metabolite is
inactive, 3) increased drug activity if the metabolite is active,

and 4) decreased therapeutic drug effect.

~ [5] Inhibitors: Inhibition of CYP isozyme activity is an impor-

: ~ tantsource of drug interactions that lead to serious adverse
events. The most common form of inhibition is through com-
@n for the same isozyme. Some drugs, however, are
capable of inhibiting reactions for which they are not sub-
strates (for example, ketoconazole), leading to drug inter-

~actions. Numerous dr ave been shown to inhibit one
~ ormore of the CYP-dependent biotransformation pathways
of warfarin. For example, orm js a potent inhibi-
tor of three 0 /P isozymes responsible for warfarin

*metabolism. If the two drugs are taken together, plasma

~ concentrations of warfaririn which leads to greater
_ anticoagulant_effect and increased risk of bleeding.
- [NotezThe more important CYP inhibitors are erythromycin,
. ketoconazole, and ritonavir, because they each inhibit several
- CYP isozymes.) Natural substances may also inhibit drug
metabolism. For instance, grapefruit juice inhibits CYP3A4
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s 1. Pharmacokinetics

 zn ~OH, -NH,, or ~COCH group may enter pha.se

and leads 1o higher levels 2 aﬂdf()!’ gregier poin fal for toxie
oh zs nifediping, dlarithromycin, ang

.faﬁ@f";‘c Vl”tri ,jrugq \)LH‘
simvastatio, thet a1e rne’aamhzeo by tnis sysiem.
involving the P450
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Phase {f: This phase CONSISIS of COr’jugat;On reactions. ¥ the
bo*ssm ie sufficiently poiar, i can De

ni“
1 R
("1

meizholite from phase | meta

--:tmreted by the Kidneys. HOWeVer, many phase | Mel

sl $oo lipophilic to pe excreted. A eubswuem w-'m.gaii_ rEAC-
C a0id, sulfu-

OUS substrate, such a8 glucuroni
d, results in poiar, Tsushv more

tion with 2n encogena

ric 2030, acetic acid, or an c.'rmo aci _....-——-"“"‘"""—-‘-———-

sETersobie compounds thal are onen nerapeu fically inactive. &
[goaeiont ior & morph 4{3-’-‘-5—5#.1::&!9%3‘8 which is more potent
than mcm‘vrsaf GiTerondanon s the most common and the most

important conjugation reaction. f!*éaw‘ Drugs already pg s SS

Lecome m&}uca‘ed without prior phase | mefabolism T e '?‘tzﬁﬁt =-

neiar druc comiuaates zre then excreted by the f;zmex n bile.
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