One Compartment

Two Compartments

|Rapid or prompt
equilibrium is attained.

Distribution equilibrium
is slow (takes finite
time).

There is a single
disposition phase

Distribution and post-

distribution are two
distinct phases.

Linear: drug elimination
follows first order
Bkinetics

Linear: distribution and

elimination both follow
first order




Twu-Compﬁrtmcnt Open Model—Intravenous
Bolus Administration - |

The mode] can be depicted as shown below with elimination from the
central compartment.

i ' i ' : K1é \: 2
Central K“w,mﬁ~ FPenpheral
: I Compartment K21 ~ Compartment

™

 After the i.v. bolus of a drug that follows two-compartment kineti.cs',
the decline in plasma concentration is biexponential indicating the pres-
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~ ence of two disposition processes viz. distribution and elimination. These

two processes are not evident to the eyes in a regular arithmetic plot but

‘when a semilog plot of C versus t is made, they can be identified (Fig.

10.12). Initially, the coneentration of drug in the central compartment
declines rapidly; this is due to the distribution of drug from the central
compartment to the peripheral compartment, The phase during which ft'his
occurs is thercfore called as the distributive phase. After sometime, a
pseudo-distribution equilibrium is achieved between the two compart-
ments following which the subsequent loss of drug from the central
compartment is slow and mainly due to elimination. This second, slower
rate process, is called as the post-distributive or elimination phase. In
contrast to the central compartment, the drug concentration in the periph-
eral compartment first increases and reaches a maximum. This corresponds
with the’ distribution phase. Following peak, the drug concentration de-
clines which corresponds to the post-distributive phase (Fig.10.12).
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\ Initial rapid decline

distributive phase
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Slow terminal decline
elimination phase

2y Drug Concentration

—

ey | M

ntration in the central (plasma) and the peripheral

Fig. 10.12 Changes in drug conce
drug that fits two-compartment model.

compartment after i.v. bolus of a

Let K3 and K3 be the first-order distribution rate constants depicting
drug transfer between the central and the peripheral compartments ar}d let
subscript ¢ and p define central and periphcral compartrment respecnvel}",
‘The rate of change in drug cancentration in the central compartment 1is
_given by: : s |
It (10.84)

r—— -y

9C¢ o Ky1 Cp = Kiz Ce—KE Ce
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~.-‘_.E.xtend~ing the relationship X = V,C to the above equation, we have
dCc - KII xp KI) xc KE xc
dt Vv Vi

P

(10.85)

where X, and X, are the amounts of drug in the central and peripheral
compartments respectively and V. and V,"are the apparent volumes of the
central and the peripheral compartment respectively. The rate of change
in drug concentration in the peripheral compartment is given by:

dc,
- KnXe Ky Xp (10.87)

V¢ Vo
Integration of equations 10.85 and 10.87 yields equations that describe

the concentration of drug in the central and peripheral compartments at
any given time t:

-~

e SR
S| Sy i €0 Sl BT

where X, = i.v. bolus dose, o and f3 are hybrid first-order constants for
the rapid distribution phase and the slow elimination phase respectively
which depend entirely upon the first-order constants K5, Ky; and Kg.

The constants Ky and Kay that depict reversible transfer of drug
between compartments are called as microconstants or transfer con-
stants. The mathematical relationships between hybrid and microconstants

are given as:

o+ B =K+ Ky + K (10.90)
o B = Kaj Kg ‘ (10.91)

quuati’on 10.88 can be written in simplified form as:
Ce= A e+ B e " (09)

Distribution, Elimination
Cpmi +
» , exponent = exponent
where A and B are also hybrid constants for the two exponents and can
be resolved graphically by the method of residuals.






Assessment of Pharmacokinetic Parameters : All the parameters of
equation 10.92 can be resolved by the method of residuals as described
above. Other parameters of the model viz. Ky, Ky;, Kg, etc. can now be
derived by proper substitution of these values.

C() o 4‘% 4 B ()0.99)
‘ a B C
kps ERCo. (10.100)
AP+ Bua
; A BB - )
Ky bt - S0 (10.101)
Co(AfR+Ba)
ApB+Bua
Kyj = oo (10.102)
- Cy

[t must be noted that for two-compartment model, Xg is the rate
constant for elimination of drug from the central compartment and B3 1s the
rate constant for elimination from the entire body. Overall elimination ty,
should therefore be calculated from 3. ,

Area under the plasma concentration-time curve can be obtained by

the following equation:



cemnmwwmsma DA L e o o

R T T
Auca“m»,@u‘ ‘ (10.103)
‘ o | i ' ‘
- The apparent volume of central compartmcnt V. is given as;
i X X
A Vcawwwﬁ.m & » - (10.104)

Apparent vnlumc of peripheral compartment can be obtamcd from
equation:

Ve K ' |
Ve w B ll2 (10.105)
' K21 Lty

The apparent volume of distribution at steady-state or equilibrium can
now be defined as:

Vs = Vet Vp - (10.106)
It is also given as: : '
Xo
d,aren B AUC
Total systemic clearance is given as:
Cly -BVa . (10.108)

The pharmacokinetic parameters can also be calculated by using uri-

nary excretion data; |
dXy

dt

An equatlon identical to equation 10.92 can be derwed for rate of
excretion of unchanged drug in urine:

dxy 5
dt

The above equation can be resolved into individual exponents by the
method of residuals as described for plasma concentration-time data.

(10.109)

ot § g BBt L (0T0)

Renal clearance is given as: ek



~ Method of Residuals : The biexponential disposition curve obtained
after i.v. bolus of a drug that fits two compartment model can be resolved
into its individual exponents by the method of residuals. Rewriting the
~equation 1092:
; C = A el L B f:"‘m “092)

As apparent from the biexponential curve given in Fig. 10.12., the
initial decline due to distribution is more rapid than the terminal decline
due to elimination ie. the rate constant o >> B and hence the term e
approaches zero myuch faster than does ¢ P, Thus, equation 10.92 reduces

to:
I

C=RBett (10.95)
In log form, the equation becomes:
lo 6(“ log B B 10.96)
gL =ljog B - —wmee (10.96)
. 2.303 :

*-“‘ - .
where C = back extrapolated plasma concentration values. A semilog piot

of C versus t yields the terminal linear phase of the curve having slope

~B/2.303 and when back extrapolated to time zero, yields y-intercept log
B (Fig. 10.13.).The ty, for the elimination phase can be obtained from

equation 1, = 0.693/P.

Subtraction of extrapolated plasma concentration values of the elimma-

tion phase (equation 10.95) from the corresponding true plasma concentration

values (equation 10.92) yields a series of residual concentration values C,.
‘Cr (O A ¢ Ut : (1097)
- In log form. the equation becomes.
' leg €= log A =
L‘\ o W G = 0§ et o ‘_ >
gL §-0 e (10.98)
2283

- A semilog plot of C, versus tyields a straight line with slope -a/2 303
3 v : 2) 3 G L wt
and Y-intercept log A (Fig. 10.13) |



e

One Co"m,lpaooz“menf o pen model T v Bodug -;>

/O%c};’ un b,looo’T KE S

[ cond othen Hasucs | &

T A

g Rate in  — Rate eud Elwinakion.

dt C Aadodidily, o L—> (D

b3 oy F-L?o r)/)

whem,. dX - Rote o£ e lichoe O,K I ConeM |

& L he And\/ Cuith ')’a&?PcuLulo Lime .

L

Fovn Lv Mﬂ%o'bphm e tHg %czspecF o Fime

AR YR

Nil S0 eqg (1) becowes .

A Xovis ooRilaens dB)
O F

'CL = —KE X "——\@

ot
%@/

LV Jae Ke = Edinvnohor, conslont .
X = FAvount st d’huaq un Jke éacfy O‘J‘\

thwme. (¢

e %pmn;mjmdq_ amou)— wde be elininated.

Elininadion pho@cl /’d-:m‘nalwn v ote Ccmeéan})

3 (E.Lmﬂad- o Jalf ‘-1'7{&)

2, cleamance. -

Eliminakon make consfank > 3"’1/*601%01“% Jhe (3

yield. O ox7/8®

(“dc,._Kn&'“—éD
% =

qqqmmmmamﬂmmwﬁwﬂﬂﬁjmffwv

t

QN alm



By q,ep_yiu'y% \JogawHme

dog X, “‘\199 e S ARG

L&

| 2N e
“ , D, %20 =
|

OI ﬁﬁcudf )Jfﬂ d@'fe'bmhe CZ:'neej:iy uL"le O?‘Yv\ouukaﬁ'

\ dv'ﬁUﬂ/ A \»Hflﬁ b@&y ue,k

| a'YhoLLM Y- fd«mzq um e badv o bime V.
|

ﬁ:uizzﬁfuﬂmw@ Vd—vujaﬁdﬁwL
| - 5 2 C = @»plosmat dnusy
— ' o5

éubﬁf:f\kl}*w\dﬂ cq (B) un @ ULV %Iﬂidd.,

[ I { , _ et  Ge)
\Aog vde = 0oy vd Co

P
23073
degvde _ _KEE
b 0 MdG 2.3
22 Aol ,_a.ﬁ’:;"_\, -
/ v(@g ¢ log c, T,

plaavma /C{:mgqg conc™ . U‘M"é‘&we)‘\/

A Ften rv  Jnjeck'on

e ,DJ YA erpuﬁ_ coNC dJ’" 2end howns.
v

7 |Cors,
@




Al

[
NG L el Z 2352,

e s —sesn ] @

E\/LLMMJqo’)‘I t/l/tdl)e J;'f& C@lavlog_acd»l ‘*’{’U’Qf ‘-'l‘}fe )

B

(JF’QC = \legco — KE{ r
v J o 30 . T

?‘l{ )C = //2_ X,, L F = E‘A"(_

L, \L"j -//,_ @ = ‘J(e} & N Kgé-a; { @

/1,_”\ v P CIC FEE
— R E by
h%J@L‘LQ%Le sl
L 2. ‘2@‘3 / 7
i |

C and C, m»d APre Same ab 2ero Jreunsy.
dog f/?’\g == WEbe. & ‘/Q'Bo’%_ &')/‘_I_.I:)

Aeg I, = —KE b, ¢ /Q.gog (em) -——@

EEELEREELERRALERAUS SR R RRELERREREES

clog_ | =0
Jog >=0-80/0 o
\j’pa Bl ~0— O %0lo »
. -
-.fsg lYg = - ©130]0 -
.
-‘KE'EDS- —0a8015 """""“@ =
2., %09 - oy 4
=
-~




I

H'alﬁ Mife 15 bosed en ke yolvme of Chistnil

and boJ\/ cleavence .

‘Ke = cl / yd —> @

Substi M&_AJ’M_ vedue dn eg —> (D

= O / . ©0-697 xVd 7§
,_[:a,e;:l o693 / _Céz O [/i— T - i 7 :
RN

ﬁypcmwrw velome  off iz bribodion

SN

/w — 3. / —>(2

|
\ wk&"nel_ Xp = Awmoun - oﬁ cﬁ'nuocz dn ke bﬁb(\/ _‘
‘) Y =epo dms e dnitiad 0(6861

| o = jodesma dhazr; CoNe dJ\'vaﬁmj

Vd = FV_ bolus dose

o

Vd a3 olge calewdated ‘\Q‘OW cleapence -

cleanance Fremp B

KEe '"’C’L_/\,/ct “—’>@

fed =t x Vd | SED
In  Squakien (23
\Lq’— = Kele. : ‘T

Subskidude @Y M ea@

A = Fe—2 -5 €9 4




“]’ohou (Re')u) uken»\h}.) (bltboc‘](‘nigmq) ( Uningony J
C'/lT Ay TR R
A v s
XC) | — VC‘ "‘9}3'\/1&”\.

Co

Se fhe Q@U\o}ﬂ‘om@ b & comis

=~ _ .
L@Lr = KE 'Vc[J/ “————>@

| Rew cA@arn ance

C/o: K',- -L/‘, ‘"——4>@
o N
J"/‘cpa.}wc cAear ance

G/lﬁ- = oG d “—*>@

{1/;\‘ = © ¢ 6@9/ KE 2 FWOWJ (\{i;

L IRy

So, (ke = 0695/ b iy /-—~>f£67

/

Substidte Jhe absve eQudakion in @ ;

C/L l’iE,VC{ e (517’)

A

= 0:64an fV,d7

[Lgl Tilon s €D




s o s

- Biotransformation of Drugs

The onset of pharmacologic response depends upon two pharmacoki-
netic processes-—drug absorption, and drug distribution (since most sites
of action are in the extravascular tissues). The duration and intensity of
action depend upon the rate of drug removal from the body/site of action
or simply speaking, on the rate of elimination and tissue redistribution of
drug. Mion is_the major process for removal of a drug from the
body and termw It is aefined as the irreversible loss of

drug from the body. Elimination occurs by two processes viz. biotransfor-
mation and excretion. '

‘/!'Biotransformation of drugs is defined as the conversion from one
chemical form to another. The tenn is used synonymously with metabolism.
The chemical changes are usually affected enzymically in the body and

thus, the definition excludes chemical instability of a drug within the
body; for e.g. conversion of penicillin to penicilloic acid by the bacterial

penicillinase and mammalian enzymes is metabolism but its degradation
by the stomach acid to penicillenic acid is chemical instability. -




FACTORS AFFECTING BIOTRANSFORMATION OF DRUGS

The therapeutic efficacy, toxicity and biological half-life of a drug
greatly depend upon its metabolic rate. A number of factors may influ-
ence the rate of drug metabolism; they are:

I. Physicochemical properties of the drug
2. Chemical factors:
a. Induction of drug metabolizing enzymes
b. Inhibition of drug metabolizing enzymes
¢. Environmental chemicals ’
3. Biological factors:
a. Species differences
b. Strain differences
c. Sex differences
d. Age
g. - Diet
f. Altered physiologic factors:
i, Pregnancy
ii. Hormonal imbalance
i, Disease states
g. Temporal factors:
i. Circadian rhythm
it. Circannual rhythm

\/  PHYSICOCHEMICAL PROPERTIES OF THE DRUG
- Just as the absorption and distribution of a drug are influenced by its

- “;‘phy's'i-cochemical properties, so is its interaction with the drug metaboliz-

' mg enzymes. Molecular size and shape, pK,, acidity/basicity, lipophilicity
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and steric and electronic characteristics of a drug influence its interaction
with the active sites of enzymes and the biotransformation processes to

which it is subjected. However, such an interrelationship is not clearly
understood. , ‘

AHEMI(IAL FACTORS

Induction of Drug Metabolizing Enzymes

The phenomenon of increased drug metabolizing ability of the enzymes
(especially of microsomal monooxygenase system) by several drugs and
chemicals is called as enzyme induction_and the agents which bring
about such an effect are known as_inducers. Most inducers are in general
lipophilic compounds with long elimination half-lives,
Two categories of inducers have been defined:

1. Phenobarbital type inducers : includes several drugs and pesti-
cides whic e the rate of metabolism of a large number of
drugs.

2. Polycyelic hydrocarbon type inducers : such as 3-methyl
Tholanthrene and cigarette smoke which stimulate the metabolic
rate of few drugs.

Some drugs such as carbamazepine, meprobamate, cvelophosphamide,
rifampicin, ete. stimdate their own metabolism, the phenomenon being
called as auto-induction or seif-induction.

- e e ——
- e~ =

Mechanisms involved in enzyme induction may be increased enzyme
synthesis, decreased rate of enzyme degradation, enzyme stabilization or
enzyme activation.

TABLE 5.3
Inducers of Drug Metabolizing Enzyme System
and Drugs Commonly Affected by them

Inducers Drugs with Enhanced Metabolism

Barbiturates Coumarins. Phenytoin, Corusol, Testosterone. Oral
Contraceptives
Alcohol Pentobarbital, Coumarins, Phenytomn
Phenytoin = Cortisol, Coumaring, Oral Contraceptives,
: Tolbuwamide
Rifampicin © Cournarins. Oral Contraceptives, Tolbutamide,
» Rifampicin :
Cigarette Smoke  Nieotine, Amino Azo Dyes
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Enzyme induction fesults in decreased pharmacologic activity of most
drugs, increased activity where the metabolites are active and altered
physiologic status due to enhanced metabolism of endogenous compounds
such as sex hormones, Some examples of inducers and drugs affected by

them are given in Table 5.3

Inhibition of Drug Metabolizing Enzymes
A decrease in the drug metabolizing ability of an enzyme is called as
enzyme inhibition. The process of inhibition may be direct or ndirect,

L. Diréct Inhibition : mdy result from interaction at the enzymic
site. the net outcome being a change in enzyme activity, Direct enzyme
inhibition may be competitive or noncompetitive. el

a. Comperitive_Inhibition : results when structurally similar com-
pounds compete for the same site on an enzyme. Such an inhibitiqh
due to substrate competition is reversible and can be overcome by
high concentration of one of the substrates, e.g. methacholine
inhibits metabolism of acetyl choline by competing with it for
cholinesterase. | i

b. Noncompetitive Inhibition arises when a structurally unrelated
agent interacts with the enzyme and prevents the metabolism of -
drugs. Since the interaction is not structure- specific, metals-like
lead. mercury and arsenic and organophosphorus'inscctic'ivdc’s‘ in-
hibit the enzymes noncompetitively, Isoniazid inhibits the metabolism
of phenytoin by the same mechanism. = ’
Direct inhibition also results when the metabolic product competes
with the substrate for the same enzyme (called as product inhibi-
~tion). Certain specific inhibitors such as xanthine oxidase inhibitors
(e.g. allopurinol) and MAO inhibitors (e.g. phenelzine) also in-
hibit the enzyme activity directly. TR R

\/ 2. Indirect Inhibition : is brought about by one of the two mecha-
nisms: | | ‘

a. Repression is defined as the decrease in enzyme content. It may
be due to a fall in the rate of enzyme synthesis as affected by
ethionine. puromycin and actinomycin D or because of rise in ghe
rate of enzyme degradation such as by carbon tetrachloride. car-
bon disulfide. disuifiram, etc. S

b. wthered . Physiology . due to nutritional deficiency ’or‘b‘omiqgal

imbalance. : ; .
‘ Direct enzyme inhibition is usually rapid (a s’_ingle;d‘osev,»Of‘}'in‘h:ibi‘t;ip'r
~may be sufficient) and therefore more important than enzyme induction.




<%

B BIOPHARMACEUTICS AND PHARMACOKINETICS

Eﬁhymemhlbmon generally results in prolongedvpharmacolo‘gic action of
@ drug. Some examples of inhibitors and drugs affected by them are
given in Table 5.4. -

TABLL: 5.4
e Enzyme Inhibitors and Drugs Affected by them
___ Inhibitors | Drugs with Decreased Metabolism
MAO Inhibitors Barbiturates, Tyramine
Coumarins Phenytoin
Allopurinol . 6-Mercaptopurine ;
o PAS | Phenytoin, Hexobarbital |

Environmemal Chemicals

Several environmental agents influence the drug metabolizing ability
of enzymes. Halogenated pesticides such as DDT and polycyclic aromatic
hydrocarbons contained in cigarette smoke have enzyme induction effect.
Organophosphate insecticides and heavy metals such as mercury, tin
nickel, cobalt and arsenic inhibit drug metabolizing ability of enzymes.

- {Other environmental factors that may influence drug metabolism are
temperature, altitude,B‘rgs‘sure,'atmosphere, etc. )

3

BIOLOGICAL FACTORS

~~"Species Differences

‘Screening of new therapeutic molecules to ascertain their activity and
toxicity requires study in several laboratory animal species.  Differences
in drug responge due to species differences are taken into account while
extrapolating the data to man.

_ (8pecies differences have been observed in_both phase | and phase
reactions. In phase | reactions, both qualitative and quantitative variations

" ni the enzyme and their activity have been observed. An example of this
‘is tHe metabolism of amphetamine and ephedrine. In men and rabbit,
fhcf;é d'hig's‘{arc predominantly metabolized by oxidative deamination whereas
in' rats the aromatic oxidation is the major route. In phase 1l reactions, the
variations are mainly qualitative and characterized either by the presence

- of, or complete lack of certain conjugating enzymes;—f*'or example, in pigs,
he phenol is excreted mainly as gluguronide whereas its sulfate conjugate
 dominates in cats, Certain birds utilize ornithine for conjugating aromatic
~ acids instead of glycine. : % ; .

4
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V‘m‘am Differences/Pharmacogenetics

L_Iymes mfluencing metabolic reactions arc mcjg_rvlhe genetic cc@l;
Just as the differences m mupmmhnh/um ability between difierent
species are attributed to genetics, su also are the differences observed
between strains of the same animal species. _4 study of inforsubject
variadilay i drug rm-p(‘}n\w (cuc 1o differences in, for example, rate of
brotransformaron) is called as pharmacogenetics. The infersubject variations

m drug biotransformation may either be monogenically or nolygenically
controlled. A polygenic comrol has been observed in studies in twins. In
identical twins (monozvgotic), very little or no difference in  the metabo-
lism of phenylbutazone, dicoumero! and antiy pyring was detected but large
vaniauons were apparent in ﬁatmual twins (dizygotic; twins devci(}ped
from two different eggs) for the same drugs.

__L';._'J_MJL,‘r;?.s‘ observed _m ff"u;r !{?(?/:.'I!’(J,ILE'KJ? of a 4}'1{5{ among  different
races are called as ethnic variations.  Such a variation may be mono-

motphic or polvmorphic.  When a wumodal frequency distribution s
observed in the eniire pu/*hi(z(.nﬂ the variaficons are calied as continuous

N
or_monomorniic. for example, the entire human race acciylale PADA

‘ ;"C,‘mmdus Hmﬂulphm l%

among whites and blacks whereas the slow.
' °:cmd F:ann populauom Dose adjustments are

and PAS o only a small extent. A polmodel distribution is indicative of
discontinuous variation (puhnmsphmm) An example of polvimorphism
is the acetylation of isoniazid (INH) in humans. A bimodal population
distribution was observed comprising of slow acetylator or inactivator
phenotypes (metabolize INH sk;)wa) and rapid acetylator or mat;vvamr
phenotypes (metabolize INH rapidl) (see mbie 58 %

FABELE S8
Fthric Variations in the N-Acetyiation of Iseniazid

Ethmie o %0 .‘x‘/(gn-‘z'h;e(} lators, 04 f\“j 1(1 10 en ’Ifm.s
Whites (USA and Canada) ey 43 13 ; 53
Blacks (LISAY - a8 52
Latin Amiencans | 67 ' 3y
American imli_zms 79 21
Japanese ' g 7 13
L Skn‘nm | ‘7 & : 98 o 0%

Source halnw W I/nn nits ogehelics Herediv aned rhe Response to fj,f,’,gf

Apprommatcly equal pertem of slow and rdpld eecewlators are found

acetylators dominate - Fapanese
therefore m.uessary in the
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l'angt groups since high levels of INH may cause peripheral neuritis.
Other drugs known to exhibit pharmacogenetic differences in metabolism
are debrisoquine, succinyl choline, phenytoin, dapsone and sulfadimidine.

‘Aex Differences

Sex related differgnces in_the rate of metabolism_can he attributed 1o
regulation of such processes by sex hormones since variglions among
male and female are generally ()bs_fﬁ:\lg following puberty. Such sex
differences are widely studied in rats; the male rats have greater drug
metabolizing capacity.  In humans, women metabolize henzodiazepines
slowly than men and several studies show that women oOn contraceptive
pills metabolize a number of drugs at a slow rate.

_—~Age

Differences in the dryg metabolic rate  in different age groups 1is
'zLainlv due to variations m the enzyme content, cnzymc_afctivity and
hemodynamics.  In neonates (uplo 3 months), the microsomal enzyme
system is not fully developed and many drugs are biotransformed slowly;
for example, caffeine has a half-life of 4 days in neonates in comparison
to 4 hours in adults. A major portion of this drug is excreted unchanged
in urine by the nconates. Conjugation with sulfate is well developed
(paracctamol is excreted mainly as sulfate) but glucuronidation occurs to a
very small extent. As a result, hyperbilirubinemia precipitates kermicterus
and chloramphenicol leads to cyanosis or Gray baby syndrome in new
bomi. Similarly, sulfonamides cause renal toxicity and paracetamol causes
hepatotoxicity. Infants (between 2 months and one year) show almost a
similar profile as neonates in metabolizing drugs with improvement in the
capacily as age advances and enzyme activity increases. Children (be-
tween one year and 12 years) and older infants metabolize several drugs
much more rapidly than adghs as the rate of xlxe;tabolisxn reaches a maxi-
mum somewhere between 6 months and 12 years of age. As a result,
they require large mg/Kg doses in comparison to adults; for example, the
theophylline half-life in children is two-third of that in adults. In very
elderly persons, the liver size is reduced, the microsomal ®nzyme activity
is decreased and hepatic blood flow also declines as a result of reduced
cardiac output all of which contribute to decreased metabolism of dfugs.
Drug conjugation however remains unaffected.

Diet ‘

\‘ The enzyme content and activity is altered by a number of dietary
components. In general, loiw. gmmreases and high protein diet
increases  the drug metabolizing ability.  This is because the enzyme
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synthesis is promoted by protein diet which also raises the level of amino
. acids for_conjugation with drugs. The protein-carbohydrate ratioﬂ:
diet is also important; a high ratio increases the microsomal mixed fune-
tion oxidase activity. Fat free diel depresses cytochrome P-450 levels
since phospholipids, which are important components of microsomes, Ee-
come deficient, Dietary deficiency of vitamins (e.g. vitamin A, By, B;, C
and E) and minerals such as Fe, Ca, Mg, Cu and Zn retard the metabolic
activity of enzymes.  Starvation results in decreased amount of glucu-
ronides formed than under normal conditions. Malnutrition in women
results in enhanced metabolism of sex hormones. Alcohol ingestion

results in a short term decrease followed by an increase in the enzyme
activity.

Altered Physiologic Factors

Pregnancy : Studies in animals have shown that the maternal drug
metabolizing ability (of both phase | and phase 11 reactions) is reduced
during the later stages of pregnancy. This was suggested as due to high
levels of steroid hormones n circulation during pregnancy. [n women,
the metabolism of promazine and pethidine is reduced during pregnancy
or when receiving oral contraceptives. Higher rate of hepatic metabolism
of anticonvulsants during pregnancy is thought to be due to induction of
drug metabolizing enzymes by the circulating progesterone.

Hormonal Imbalance : The influence of sex hormones on drug me-
Wﬂw effect of other hormones is
‘equally complex  Higher levels of one hormone may inhibit the activity -
of few enzymes while inducing that of others. ‘Adrenolectomy, thyroidectomy
and alloxan induced diabetes in animals showed an impairment in e,
enzyme activity with a subsequent fall in the rale of metabolism. "A
similar effect was observed with pituitary growth hormone. Stress related- -
changes in ACTH levels also influence drug biotransformation. %

Disease States :(As liver is the primary site for metabolism of most ~
drugs, all patﬁfblogic conditions associated with it rcsglt in enhanced_.hglf-
lives of almost all drugs’y Thus, a reduction in hepatic dfug met_abqhe'{?_l}& 0
ability is apparent in conditions such as hepatic _carcinoma, hepatilis,
cirrhosis, obstructive jaundice, etc. ( Biotransformations such as glycine
conjugation of salicylates, oxidation of vitamin D and hydrolysis ?f_pcha-{qc_, '
which occur in kidney, are impaired in_renal diseasesy CQngest!.gfﬁggcﬂfF!!,é‘?';
failure and myocardial infarction which resultin'8.d€Cfe_,ase_."-?‘;’ff}}_.e'\:jbl?ﬂq"
flow 1o the liver, impair metabolism of drugs having high hepatic extrac” |
tion ratio e.g. propranolol and lidocaine. In diabetes, glucuromdatloﬂ LR
reduced due to decreased availability of UDPGA. '
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3 j:fTemporal Factors

r-./'/Circaﬂmn Rhythm C/)mr
activity with light evele is called ay circadian rhythm in drug metabo-

H(l/ variations or \«(”‘ICIII(JHS in the enzyme

fism} 1t has been observed that the enzyme activity is maximum during
early morning (6 to 9 am. ) and minimum in Jate afternoon (2 to 5 p.m.)
which was suggested to correspond with the high and low serum levels of
corticosterone (the serum corticosterone level is dependent upon the hght

dark sequence of the day). Lllm(.d' variation in therapeutic effect of a
drug at different times of the day is therefore _apparent) I/:c study of
variailons—n_drug response  as influenced by time &7 called as
chronopharmacology. Time dependent change_in drug kinetics is known
as chronokinetics. Drugs such as aminopyrine, hexobarbital and imipramine

showed diurnal variations in rats. The half-lite of metyrapone was shown

to be 2.5 times longer during the night than in the day, in rats.

~

BIOACT]VATION AND TISSUE TOXICITY

X F ormauon of highly reactive metabolites (from relatively inert chemi-
cal compounds) which interact with the lssues o precipitate one or more
of the several forms o/ toxicities such as care inogenesis and leratogencesis
is called as bioactivation or. toxlcologlcal aclwat@ The reactive.
chumxcally unstable species, capabic of to toxication, are broadly divided
into two CdthOI‘lCS«——t]CClrophllC's and free rddrcals (Fig. 5.3)).

: Co valent binding 1
lElertrophnes]m Tissue
lo flSSUGS Necrosis

/ ‘ ' / | PR Cancer
- Reaclive - : LR, ‘

@

. T ;
‘.Xeno‘blo‘nc:j—!b_ Metabolites

o ‘ S| Mutation
\ ' “Peroxidation/. .k

P Oxidative I Terangenic |

: atieeiea s e S ~ i

Radicals | gegeneration of | Effects. |
] cul! componenls ;

an. 5 3 Mt,chamsm\ M‘t:sque, m\ncm b) b)oaetl\/anon ofdrugs

Electmphilas we speues dcf czem m elecqun pwr I“hc, cnzyme

»wsystcm thraugh which they are generated i$ ymchrome P- 450 Carbon,

~ nitrogen or eulfur~conta:mng compounds can bé metabohca!ly actwated to

i yield: electrophlles lmportant cleclrophtles are epoxndcs (e.8. epoxide of

i benzo(a)pyrene present in crgareue smoke which causes cancer). hydroxy-

lamines, nitroso and azoxy. derivatives, mtremum ions and elemental sulfur.

s v-"-“The mechanism by wh:ch electrophlles prempltate tox:cnty |s throug,h



The clearance concept was first introduced to describe renal excretion

of endogenous compounds in order to measure the Kidney function. The

term is now applied to all organs involved in drug elimination such as
liver, lungs, the biliary system, etc. and. refeived to as hepatic clearance,
pulmonary clearance, biliary clearance and so on. The sum of individual
clearances by all eliminating organs is called as total body clearance or
total systemic clearance, It is sometimes expressed as a sum of renal
clearance and nonrenal clearance.
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(Clearance is defined as the hvpothetical volume of hody fluids con-
taining drug from which the drug is removed or cleared completely in a

specific period of time) s expressed in mlV/min and is & constant for
any given plasma drug concentration. In comparison to apbarent volume
of distribution which relates plasma drug concentration to the amount of
drug in the body, clearance relates plasma concentration to the rate of
drug elimination.

5 Clearancc: (Cly = Elimination rate (7.9)
% Plasm'\ drug concentratmn

 Renal Clearance (CIR) : It can be dejmea’ as the volume of blood or
plamm which is completely cleared of the unchanged drug by the kidney
per unit time. It is expressed mathematically as:

* ClR L3

Rate of urinary excretion
Plasma dmg cmcentratlon

(7.10)

Physiologically speaking, renal clearance is the ratio of “sum of rate
of glomerular filtration and active secretion minus rate of reabsorption”

o “plasma drug concentration C".

Rate of filtration + Rate of "secretion - Rate of reabsorption (711)

*Clg = - R e

TABLE 7.2
Relationship between Renal Clearance Values
and Mechanism of Clearance

Renal Clearance Renal Clearance _Mechanism of Renal  Example(s)

(mil/min) R A g } Clearance '
iy S b sk ‘»;Drng Fltered and - Glucose
_(least value) s - reabsorbed completely |
< 130 - Above:0, ﬁ\r__f‘g.;?if'Drug ﬁltered and Lipophilic
Skt Ll : Bclow Bt ?reabsorbed partially drugs
' 130 iGFR) ' 1  Dnigis filtered only Creatinine,
R, _ ‘ Inulin
i 1T30 gl - Drug filtered-as well  Polar. ionic
5 S . as secreted actively drugs .
: 650- : 5 ~“Clearance equal to lodop'ymcetj,

(Highest value) renal plasma flow rate  PAH




. EXCRETION OF DRUGS 187

The contribution of each of the above physiologic processes in clear-
ing a drug cannot be determined by direct measurement. [t can however
be determined by comparing the clearance values obtained for a drug with,
that of an agent such as creatinine or inuhn which 1s cleared by glomeru-
lar filtration onlv.  The ratio of these two values s called as renal
clearance ratio or excretion ratio.

. " Clp of drag
*chal Clearance Ratio = N Ltk i A (.12}
Clg of creatinine
Thus, depending upon whether the drug is only filtered, filtered and
secreted or filtered and reabsorbed, the clearance ratio will vary (Table

7.2.). The renal clearance values range from zero to 650 ml/min and the
clearance ratio from zero to five.

o M=t
@ : FACTORS AFFECTING RENAL EXCRETION
OR RENAL CLEARANCE
-

Apart {rom the threc physiologic processes that govern the urinary
excretion, other factors influencing renal ¢learance of drugs and metabo-
lites arc:

Physicochemical propertics of the drug

bk =

Plasma concentration of the drug

Distribution and binding characteristics of the d;'ug
Urine pH

Blood flow to the kidneys

6. Biological factors

Drug interactions

W S L2

{isease states

, s ]
'Ph’ysicochemi'cﬂ Properties of the Drug

. Important physicochemical factors affecting renal excretion of a drug
are - molecular size, pK, and lipid solubility. The molecular wem‘a
drug is very critical in its urinary elimination. An agent of small molecu-
lar size can be casily filtered through the glomerulus.  Compounds of
 weights below 300 daltons, if ‘wmcr.soluble. are readily excreted by the
Kidneys. Drugs in the molecular weight range 300 to 500 daltons can be
excreted - both In urine and bile.  Molecules of size greater than 500
daltons are excreted in urine to a lesser extent.
The influence of drug pK, on excretion hag already been discussed
Urinary excretion of an unchanged drug is inversely related to its Iipophil?ziet:
o Thm is because, a lipophilic dr»ug I8 passively reabsorbed to 4 large Cxtc-n-x:

At The




PHARMACOKINETICS : BASIG“,CONSIDERATIONS 213

Plasma Drug Concentration-Time Profile

- A direct relationship exists between the coneentration of d '
biophase (site of action) and the concentration of dry '0 Iru‘g ?t the
typical plasma drug concentration-time curve obtained :h:r‘ - a'sm!'a. A"
dose of a drug and showing various phannacokinetic and pham‘:' sg;“ °""
parametens is depicted in Fig. 9.1, Such a profile can be :gtai:nﬂt
measuring the concentration of drug in plasma samples taken at v:ri “
mtervals of time after administration of a dosage form and plottin t:}l:
concentration of drug in plasma (Y-axis) versus the corresponding timge at
which the pl;}sma sample was collected (X-axis), '

Peak Plasma
sl

Concentration

X s v ‘//’ i
9& I- Cmax (absarption rate = elimination rate)

gf

|
S N { Toxic Level

- ~3 B 4 :

= 21 8 e
SRR - i N T L R K _ _ __ _MSC Maximum Safe

§ al s a Concentration "~
3 o 2 |
t.; onse‘tt = Therapeutic

2 of g range

(] . = |

o |action] & ; b

£ g5 : vl _ME(E .Minimum Effective
&‘3 ~ 7 Jeduration of actions Subtherapeutic Concen!ratmvn‘

4 i Area Under the Curve

| { | onsettime b

/ A el R
1 s Time ‘

Administration

of drug :

Fig. 91 A typical plasma concentration-time profile showing /
pharmacokinetic and pharmacodynamic parameters.
obtained after oral administration of single do.sc»] of a.l*d“r‘_ug. 5.
The three important pharmacokinetic parameters lthal ‘de_vgr.zbe the
plasma level-time curve and useful in assessing the bioavailability of a
drug from its formulation are:
1. Peak Plasma Concentration (Cax) g ‘ :
The point of maximum conceniralion of drug in plasma is called as the
peak and the concentralion of drug al peak is knownas peak plasma
concentration. It is also called as peak height concentrafion and maxi-

mum drug concentration. Cpax 1 expressed In mcg/mL. The peak
r-—-‘__f <
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) “I‘:é-v‘g:l depends upon the administered
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dose and rate of absorption and
oint of time when absorption rate
portion of curve to the left of peak

elimination. The peak represents the p
equals elimination rate of drug. The
represents absorption phase i.c. when the rate of absorption is preater
than the rate of elimination. 7The section of curve to the right of peak
gencrally represents elimination phase i.c. when the rate of elimination
exceeds rate of absorption. Peak concentration is often rejated to the
ntensity of pharmacologic response and should ideally be above minij-

mum effective concentration (MEC) but less than the maximum safe
concentration (MSC).

2. Time of Peak Concentration (1,,,)

The time for drug to reach peak concentration in plusma (after ex-
travascular administration) is called as the time of peak concentration.
It is expressed in hours and is useful in estimating the rate of absorptiog.
Onset time and onset of action are dependent upon t.. The parameter is
of particular importance in assessing the efficacy of drugs used to treat
acute conditions like pain and insomnia which can be treated by a single
dose.

3. Area Under the Curve (AUC) .

It re?*esems the total integrated area under the plasma levél-time
profile and expresses the total amount of drug that comes into the sys-
temic circulation after its administration. AUC i3 expressed in mcg/ml. X
hours. It is the most important parameter in evaluating the bioavailab%hty
of a drug from its dosage form as it represents the extent of absorption.

AUC is also important for drugs that are administered repetitively for the
treatment of chronic conditions like asthma or epilepsy. :

s

The various pharmacodynamic parameters are: \

1. Minimum Effective Concentration (MEC) ‘ '

It is defined as the minimum concentration of a’rug in plasma reqm{'ed
to produce the therapeutic effect. It reflects the minimum C‘_’““ff!rau?n
of drug at the receptor site to elicit Ellf: de.gnred phz.:‘nnac,ologlc response.
The concentration of drug below MEC is said t.o be in the subtherapeutic
level. A g i ;

* In case of antibiotics, the term minimum inhibn.ory concg;nfrq{nqn
(MIC) is used. It describes the minimum concentration O_f antibiotic in
plasma required to kill or inhibit the growth of microorganisms.

a ion (MSC)
. Maximum Safe Concentration : L
| Azlso‘?alled as minimum toxic concentration (MTC), it is the con-

centration of drug in plusma above which adverse or unwanted effects are




.ﬁl"’?.ﬁd\"RMA(“()K!NH'VTICS , 'BAS!C CONSIDERATIONS 215

8 precipitated. Concentration of drug above MSC is said to be in the toxic

level

3. Onset of Action
The g;gumm'q of pharmacolopic response 15 called as onset of action.

It occurs when the plasma drug concentration just exceeds the required
MEC.

4. Onsct Time
It is the ume required for the drug (o start producing pharmacologic
response. It corresponds to the time for the plasma conceniration to reach
MEC after administration of drug,

S Duration of Action
The time period for which the plusma concentration of drug remains
above the MEC level 15 called as duration of drug action,

6. Intensity of Action :
It 15 the maximum pharmacologic mspom(, produced by the peak
plasma concentration of drug. 1t is also called as peak response.

7. Therapeutic Ranpe
The drug concentration bcrm’wr MEC and MSC represenis the thera-
peutic range.




PHARMACOKINETIC MODELS

Drug movement within the body 1s a complex process.  The major
objective 13 therefore to develop a generalized and simple approach to
describe. analvze and interpret the data obtained during in vive drug
disposition studies.  This involves development  of pharmacokinetic

models which provide concise means of expressing mathematically _or

quaniitatively_the tme course of drugish throughou the body and com-

pute meanmingful pharmacokinetic parameers.

Pharmacokinetic models are useful in—
1. Characterizing the behavior of drugs in patients
2. Predicting the concentration of drug in various body fluids with
any dosage regimen

"
3. Predicting the multiple-dose concentration curves from single dose
experiments

4. Calculating the optimum dosage regimen  for individual patients
5. Evaluating the risk of toxicity with certain dosage regimens
6. Correlating plasma drug concentration with pharmacologic response

7. Evaluating the bioequivalence/bioinequivalence between different
formulations of the same drug
8. Estimating the possible drug and/or metabolite(s) accumulation in
the body
9. Determining the influence of altered physiology/disease state on
drug ADME
10. Explaining drug miteractions
- Caution must however be exercised in ensuring that the model fits the

expenmen!al data, otherwise, a new, more complex and suitable: ‘model
‘may be proposed and tested.



