DOSE- AND TIME-
DEPENDENT

PHARMACOKINETICS

CAUSES OF DOSE- OR TIME-DEPENDENT KINETICS
PROCESS EXAMPLE PARAMETER

Saturable gut wall transport  riboflavin
Saturable gut wall metabolism salicylamide
Poor solubility griseofulvin

Saturable plasma protein

binding disopyramide
Active tubular secretion penicillin G
Active tubular reabsorption ascorbic acid
Alterations in urine pH salicylic acid
Alterations in urine flow theophylline
Nephrotoxicity gentamicin

F
F
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CAUSES OF DOSE- OR TIME-DEPENDENT KINETICS

PROCESS EXAMPLE PARAMETER
Capacity-limited metabolism phenytoin CLy
Autoinduction carbamazepine  CL,
Co-substrate depletion acetaminophen  CL,
Product (metabolite) inhibition phenylbutazone CL,




. ABSORPTION

Effect of dose on riboflavin urinary recovery when

60 - given on an empty stomach. Date from: Levy G,
Jusko WAJ. Faclors affecting the absorption of riboflavin
50 inman. J Pharm Sci 55:285-289, 1966,
L

= N W
o o
L

o o

0 5 10 15 20 25 30 35

% of Dose Recovered in
Urine

Dose (mg)

100
80
60
40
20

0 ) :
100 1000 10000

% of Dose Absorbed

Daily Dose (mg)

Effect of dose on ascorbic acid absorption. Data from Blanchard J
et al. Am J Clin Nutr 66:1165-1171, 1997
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Steady-state Vitamin C plasma concentration as a function of dose in 13
female subjects receiving doses from 30 to 2,500 mg. From: Levine M, et al.
Anewr ded dietary allowance of vi in C for healthy young
women. Proc Natl Acad Sci USA 98:9842-9846, 2001.
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Fig.2. intracellular vitamin C concentrations (millimolar} in circulating cells
as function of dose. Neutrophils (#), monocytes (¥), platelets (®), and lym-
‘phocytes (W) were isolated when steady state was achieved for each dose. For
neutrophils, samples were available from 13 subjects at doses 0-200 mg daily,
from 11 subjects at doses 400 and 1,000 mg daily, and from 10 subjects at 2,500
mg dally. For lymphocytes, monocytes, and platelets, samples were available
from 0mg daily, from 12 subjects 2t 60mg daly, j
at100mg dally, from 2 subjects at 400 and 1,000 mg daily, and from 9 subjects
at 2,500 mg daily. Data are mean values = SD.

From: Levine M, et al. A new dietary of vitamin C for healthy
young women. Proc Natl Acad Sci USA 98:9842-9846, 2001.
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= 27 uM). (Data from Sjovall, |.. Gun-
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pendent absorption of amosycillin and
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Reproduced from: Rowland M, Tozet TN. Clinical F inetics — Concepts and Applications, 3" edition,
1995, p. 397.
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Il. ELIMINATION

A. CAPACITY-LIMITED ELIMINATION
1. MATHEMATICAL ANALYSIS

These processes can be described via the Michaelis-
Menten relationship:

[E,1+[S1¢5[ES]—3 [E]+[P]

[E,1+[S1< S [ES] 3y [E]+[P]

[Er]=1E, [+ £5]

d[ES]
dt

=k LE,JIS]-K, [ES] -k, [£S]

d[ES
% =k, [E,)[S]-k [ES]—k,,[ES]
at steady state % =0

kalE,JS]=k [ES]+K,[ES]
k+1[Ef][S] = (k_; +k,,)[ES]




[ES] Kk, +k,
[ES] &k

+1

k_, is a dissociation process, whereas k+2 requires the
breaking of bonds; thus, k_>>k,,

[£,1S] &,
[ES] k+1 !
o _LE1LS]
©[ES]

Remember that [E] = [E,] — [ES]
K = Er=ESIS]
[ES]

K, [ES]=[E][S]-[ES][S]
K, [ES]+[ES][S]=[£,][S]
[ESI(K,, +8) =[E;][S]

_ LE7]IS]

[ES]= (K, +5S)




_ E]1S]
(K, +9)

The rate of formation of the product is given as:

[£S]

k,[ES]=v or [ES]=-Y
k+2
By implication, the maximum rate is given as
Vm X
Viar =[Er)k,, or [E;]=—"=
k+2

v _ (Vm%z )[S]

k+2 Km + [S]

Vinax [ ]

max

K +[S]

~dC v, IC]
dt K _+[C]

_dC _V,,[C]

max

dt K

m




_dc _ V.. [C]
dt K

m

Since Vmax and Km are constant for a given drug in a
given individual, this ratio will be constant. Elimination
will proceed in a first-order fashion.

Vi =A where — G =AC

K dt

m

Drugs for which K, << C:
ethanol
salicylate
phenytoin

Numerous drugs after first-pass

2. Clinical Consequences
a. Relationship btwn dose and C,
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Reproduced from: Tozer TN, Winter ME. Phenytoin, In: Evans WE, Schentag JJ, Jusko WJ, Applied
F inetics — Principles for T ic Drug Monitoring. 3 edition, 1992, p. 25-12




b. Relationship btwn dose and time to

steady-state

RATE OF
ADMINISTRATION
{mg/day!

PLATEA
CONCENTRATICH

PLASMA PHENYTOIN CONCENTRATION (mg/liter)

From: Ibid.

c. Relationship btwn dose and AUC

3

(AUC (mcg-hr/mL)

N
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500

Plasma AUC of
lorcainide in a subject
as a function of dose.
Data from: Janchen E et al.
Clin Pharmacol Ther 26:187,
1979.

c. Relationship btwn dose and AUC_

AUC/Dose
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as a function of dose.
Data from: Janchen E et al.
Clin Pharmacol Ther 26:187,
1979.




d. Relationship btwn dose and

bioavailability
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Bioavailability of
nicardipine after oral
administration. pata
from: Wagner JG et al.
Biopharm Drug Dispos 8:133-
148, 1987.

e. Relationship btwn Cp and time
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1800 mg
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Figure 1. Simulated concentation versus time profile for the one-
compartmental model with parametor values of Vo, = 433 ma/

day,

= 3.62 mg/liter, and V = 57 liters. The indicated bolus

ot drug were assigned at t = 0. Adapted from Ref. 8.

3. Determination of Michaelis-Menten

Parameters

a. Lineweaver-Burke Expression

Vo XC
K +C
K, +C
V. xC
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K
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Slope = K,./V nax




b. In Vivo Determination

Vmax X Css

V=

K @ Cﬁs /

If K, =input rate

— Vmax X Cr.c KO / "’
K, +C,

KO (Km + C.vs) = Vmax % C.vs

KOKm + KOCS: = Vmax 2% Cs:

0

KOCs.v = (Vmax % Css) - KOKm Ko/css
KO = Vmax _Km[&)]
CSS

JB is an 18 yo male receiving phenytoin for prophylaxis
of post-traumatic head injury seizures. The following
steady state concentrations were obtained at the
indicated doses:

Dose (mg/d) Css (mg/L)

100 3.7
300 47

From this data, determine this patient’'s K, and V,,,
for phenytoin.

JB is an 18 yo male receiving phenytoin for prophylaxis
of post-traumatic head injury seizures. The following
steady state concentrations were obtained at the
indicated doses:

Dose (mg/d) Css(mg/L) Dose Rate/Css (L/d)
100 3.7 27
300 a7 6.4

e Voo = 362 mgid

Ko (mgrd) | "o,

“g———— K = 9.7 mg/L

O

KoCoy (/)

10



What C_, would be expected if a dose of 200 mg/d were
given to this patient?

Vmax X CSS
B K,+C,
(362mg/d)C,,
9.7mg/L)+C,,
C,=12mg/L

0

200mg/d =

4. Application to Alcohol

Avg V.. =10 g/hr
K,, = 100 mg/L

Detectable pharmacologic effect: 250 mg/L
Lethal concentrations >7000 mg/L

Note: EtOH metabolism % 1gg

becomes zero-order. s 60

One jigger (45mL)of 80 : ,,

proof EtOH contains 2 2

~14 g of ethanol —which = ([ °— —n
exceeds the Vmax!/ S 0 2000 4000 6000 8000

Ethanol concentration at site (mg/L)

Ethanol Rate of
Metabolism (g/hr)

0 2000 4000 6000 8000

Ethanol concentration at site (mg/L) Data from: Rowland M, Tozer TN.
Ibid, p. 406.
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800 Reproduced from: Ibid, p. 408.

Plasma Alcohol Concentration (mg liter)

Hours

Fig. 22-7. A decrease in the absorption rate of alcohol, produced by slowing gastric emptying, causes the
peak concentrations and the AUC to decrease and the time to reach the peak to increase. The effect differs
from that expected of first-order kinetics by the observed decrease in AUC. This observation is explained by
a constant rate of climination at almost all concentrations, as illustrated schematically in Figure 22-8, Alcohol,
45 milliliters of 95 percent ethanol in 105 millliters of orange juice, was administered 10 minutes after 240
imilliliters of tap water (@); 240 milliliters of light cream (# ); or 240 milliiters of a 33 percent glucose solution
(W) (One mg/liter = 22.0 micromolar.) (Redrawn from data of Sedman, A.J., Wilkinson, P.K.. Sakmar, E |
Weidler, D.J., and Wagner, ].G.: Food effects on absorption and metabolism of alcohol. Reprinted by per-
mission, from Journal of Studies on Alcohol, Vol. 37, pp. 1197-1214, 1976. Copyright by Journal of Studlies
on Alcohol, Inc., Rutgers Center of Alcohol Studies, New Brunswick, NJ 08903.)

Plasma Drug Concentration (mg/iter)

1000

g

g

g

8

Fig. 22-8. As a consequence of zero-order elimina-
tion, the plasma concentrations at the end of a 50-
gram dose by bolus injection (A) and constant-rate
infusions of 1- (B), 2- (C), and 3- (D) hour durations
are quite different from those expected with first-or-
der kinetics. The amount in the body at the end of
each infusion is the difference between the dose and
the amount lost during the infusion period. Conse-
quently, the concentration at the end of each of the
infusions is the same as that expected at that time
D following the intravenous bolus dose. Note that the
slower the input rate, the smaller is the AUC and the
lower is the peak concentration. The time of the peak
is, of course, increased. Indeed, if the dose had been
infused over a 5-hour period, ie., at 10 grams/hour,
output would have matched input and there would

nothave been any AUC at all in this hypothetical
1 2 3 4 5 example.

Reproduced from: Ibid, p. 408.

B. Aufomductlon
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Plasma Carbamazepine Concentration (mg/liter)

0 2 4 6 8 15 17 19 21 23
Days

22-13. Carbamazepine undergoes autoinduction as evidenced by the declining plasma con
centation (@), ssessed 0n days 7, 8, 15, 16, 2, and 25 of an oral moltiple-dose egimen of 6
taken by

ya the morning for ys. Predictions

based on single-dose pharmacokinetic data, obtained previously in the subject and based on the

assumption that no induction occurs, are shown by the stippled line. Predictions assuming an au-

toinduction model for carbamazepine. in which the turnover time o the affected enzyme is ap-

proximately 5 days, are indicated by the sofid line. (One mg/liter = 4.2 micromolar.) (Copyright 1976

y the American Pharmaceutical Association, Clinical Pharmacokinetics: Concepts and Applications,
Second Edition. Reprinted with permission of the American Pharmaceutical Association.)
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C. Saturable Renal Tubular Reabsorption
20

Plasma
Ascorbic
Acid 10
(mglL)

Control 1-3g/day 8-12g/day

Steady-state plasma ascorbic acid concentration in healthy adults
receiving various regimens twice daily for 3 to 4 weeks. Control

j had no i daily dietary intake of ascorbic acid was 50-
75 mg. From: Nutr Rep Intern 30:597-601, 1984.

Ascorbic Acid Renal
Clearance (mL/min)
E=N [«p}

no
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Plasma Ascorbic Acid
Concentration (mg/L)

Reproduced from: Rowland M, Tozer TN. Ibid, p. 404.
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lll. SATURABLE PROTEIN BINDING
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Dose vs AUC for naproxen after single (AUCs) and

multiple (AUCm) doses. From: Clin Pharmacol Ther 15:261-266, 1974.
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In vitro binding of naproxen as a function of Cp.

free
concentration

ER
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total
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Naproxen Concentration
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Relationship between oral clearance and fraction
unbound of oxaprozin. From: J clin Pharmacol 36:985-997, 1996.
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