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One-Compartment Open Model: Intravenous Bolus Administration

Introduction: -

In order to develop pharmacokinetic models to describe and predict drug disposition
kinetically, the model must account for both the route of administration and the
pharmacokinetic behavior of the drug in the body, then dosing regimens for individuals
or groups of patients can be calculated.

*The one-compartment open model is the simplest way to describe the process of drug
distribution and elimination in the body, assuming that the drug can enter or leave the
body (i.e.; the model is “open”), and the entire body acts like a single, uniform
compartment.

*The simplest pharmacokinetic model that describes drug disposition in the body is the
IV bolus model where the drug is injected all at once into a box (the human body) or
compartment, and the drug distributes / equilibrates instantaneously and rapidly
throughout the compartment. Drug elimination from the compartment also begins to
occur immediately after the IV bolus injection.



*Uptake of drugs by various tissue organs will occur at varying rates and extents,
depending on the blood flow to the tissue, the lipophilicity of the drug, the molecular
weight of the drug, and the binding affinity of the drug for the tissue mass.

*Because of rapid drug equilibration between the blood and tissues, drug distribution
and elimination occur via the kidney and / or by being metabolized in the liver as if the
dose is all dissolved in a tank of uniform fluid (a single compartment) from which the
drug is eliminated.

*The apparent volume of distribution, V assumes that the drug is theoretically rapidly
and uniformly distributed in the body throughout the apparent volume and it is
determined from the injected amount / dose and the plasma drug concentration C,°
Immediately after injection.

*The elimination rate constant, k, which is proportional to the rate at which the drug
concentration in the body declines over time.
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Figure 1: pharmacokinetic model for a drug administered by rapid intravenous
Injection. Dg = drug in body; V = apparent volume of distribution; k = elimination rate
constant




Elimination Rate Constant: -

*The rate of elimination for most drugs from the body is a first-order process, i.e.; the
rate of elimination at any point in time is dependent on the amount or concentration of
drug present at that instant. Therefore, the elimination rate constant, Kk, is a first-order
elimination rate constant with units of time=! (e.g.; h= or 1/h).

*The elimination rate constant represents the sum of elimination of the parent drug by
metabolism and excretion: J.....(Eq. 1) where k., = first-order rate process of
metabolism and k, = first-order rate process of excretion.
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*A rate expression for figure 1 is:] dt B

. i —
following expression: ‘]Dg Dy =5

.....(EQ. 2) and by integration gives the

+log Dg‘

where Dg = the drug in the body at time t and Dg°
IS the amount of drug in the body at t = 0.

*When log Dg Is plottedagainst t for this equation
a straight line is obtained:

*In practice, instead of transforming values of Dg
to their corresponding logs, each value of Dg Is
placed at log intervals on semilog paper. Equation

j_c.a,u_a,lﬁ,ci be expressed as:
Dy = DEE_M ..... (Eq 4)

“Figure 2: semilog graph of the rate of drug
elimination in a one-compartment model 0 1 2 3 4 5

Drug in body (Dg)




Apparent Volume of Distribution: -
*When plasma or any other biologic compartment is sampled and analyzed for drug
content, the results are usually reported in units of concentration instead of amount.

Each individual tissue in the body may contain a different concentration of drug due to
differences in blood flow and drug affinity for that tissue.

*The volume of distribution represents a volume that must be considered in estimating
the amount of drug in the body from the concentration of drug found in the sampling
compartment.

_+The volume of distribution is the apparent volume (V) in which the drug is dissolved:
D = V€ | .(EQ. 5) which relates the (Vp) to the concentration of drug in plasma (C,)
~and the amount of drug in the body (Dg).

*Substituting equation 5 into equation 3 a similar expression based on drug
concentration in plasma is obtaine ecline of drug plasma lewvels:

...(Eq.6)

where C,, = concentration of drug in plasma at time t and C_° = concentration of drug in
plasma att=0, Equation 6 can also be expressed as: F =Cye ’“l .(Eq.7)




Example 1. Exactly 1 g of a drug is dissolved in an unknown volume of water. Upon
assay, the concentration of this solution is 1 mg/mL. What is the original volume of this
solution?

*The original volume of the solution may be obtained by the following proportion,

1000mg_1mg . _ 500 mL
x mL mL

*The volume of the solution 1s ) e concentration of the solution Is
1 mg/mL, then, to calculateth sent,

xmg Tmg
1000 mL ~ mL

x=1000mg

*This relationship between dr In which the drug is dissolved,

and total amount of IS ql ] [N the followin_q]_%qu_a];jgn:
v, = Dose  Dg | (Eq.8) -
cy co N

Calculation of Volume of Distribution:
In a one-compartment model (IV administration),
because both D% [The dose of drug given by IV

bolus (rapid IV injection) represents the amount

of drug in the body, Dg°, at t = 0] and C,? [determined
by extrapolation, C° represents the instantaneous
drug concentration after drug equilibration in the body

p

Plasma level (C )
o
I

att =0 (figure 3)] are known, then the apparent 0 1 2 3 4 5

volume of distribution, V, may be calculated from Lime
Equation 8 above.| Figure 3: semilog graph giving the value of C,° by extrapolation



*From equation 2, the rate of drug elimination is ‘fiﬂ — —kD,| . Substituting equation 5,

Dg = Vp C,, into equation 2, the followinag expre ed:
‘{?fﬂ - —A'VDCP\ ----- (Eq.9)

*Rearrangement of equation 9 gives: Dy =—kV,C,d!] .. (Ea. 10) As both k and VD are
constants, equation 9 may be integrated as followsl[ " dD, = kv, | mcpd;‘ ..... (Eq.11).
W0 o)

*Equation 11 shows that a small change in time (dt) results in a small change in the
amount of drug in the body, Dg. The integraluf“ C, dt represents the AUCy* which is the
summation of the area under the curve fromt =0 to t = co. Thus, the apparent V may
also be calculated from knowledge of the dose, elimination rate constant, and the area
underthe curve (AUC) from t = 0 to t = oo. After integration, equation 11 becomes:

D, = kV,[AUC]s]which upon rearrangement yields the following equation:

' D
ll’HFD F'([:f\ [:C]{:;' ( q )

Table 1: Fluid in the Body

Percent of

Viater Percent of Total Body
Compartment Body Weight Water
Plasma 4.5 7.5
Total extracellular vwater 27 .0 45 .0
Total intracellular water 33.0 55.0

Total body water S0.0O 1000



Clearance: -

Drug Clearancein the One-Compartment Model:

Drug elimination from the body is an ongoing process due to both metabolism
(biotransformation) and drug excretion through the kidney and other routes. Drug
clearance refers to the volume of plasma fluid that is cleared of drug per unit time or the
fraction of drug removed per unit time.

Drug Elimination Expressed as Amount / Volume per Unit Time:

*For a zero-order elimination process, expressing the rate of drug elimination as mass
per unit time (e.g.; mg/min, or mg/h) is convenient because the elimination rate is.
constant |Mass approach

Dose = 100 mg
Fluid volume = 10 mlL P

Conc. = 10 mg,/mL

Amount eliminated /minute
= 10 mg,/min

*For most drugs, the rate of drug elimination is a first-order elimination process, I.e.; the '
elimination rate is not constant and changes with respect to the drug concentration in
the body, therefore; drug clearance expressed as volume per unit time (eg, L/h or

mL/min) is convenient because it is a constant.
Clearance (volume) upprnu:h

Dose = 100 mg
Fluid volume = 10 mL 20
Conc. = 10 mg/mlL

Volume eliminated/minute
= 1 mL/min




Clearance (volume of fluid removed of drug) for a first-order process is constant
regardless of the drug concentration because clearance is expressed in volume per unit
time rather than drug amount per unit time. Mathematically, the rate of drug elimination
IS similar to equations 2 & 9: dfa dividing this expression on both sides by C,
yields. L

= —kC,V,

where dDg/dt is the rate of drug elimination from the body (mg/h), C, is the plasma
drug concentration (mg/L), k is a first-order rate constant (h=* or 1/h), and Vy is the
apparent volume of distribution (L).

Drug Elimination Expressed as Fraction Eliminated per Unit Time:

«Consider a compartment volume, containing Vp, liters. If Cl is expressed in liters per
minute (L/min), then the fraction of drug cleared per minute in the body is equal to
Cl/V. Expressing drug elimination as the fraction of total drug eliminated is applicable
regardless of whether one is dealing with an amount or a volume.

Fractional approach

Dose = 100 mg Fraction eliminated/minute
Fluid velume = 10 mlL - 1 mL/ 10 mL/min
Conc. = 10 mg/mlL 1/10/min

*Pharmacokineticists have incorporated this concept into the first-order equation (i.e.; k) '
that describes drug elimination from the one-compartment model.



Example 2: [Clearance and Volume of Distribution Ratio, Cl/V/)] Consider that 100
mg of drug is dissolved in 10 mL of fluid and 10 mg of drug is removed in the first
minute.

The drug elimination process could be described as:

a. Number of mg of drug eliminated per minute (mg/min)
b. Number of mL of fluid cleared of drug per minute

c. Fraction of drug eliminated per minute

*If the drug concentration | drug elimination (in terms of rate of change
In concentration, dC/dt) Is: dt =—(CI/Vp)xC] - - (Eq. 14)

*For a first-order pI‘OCE‘SS‘d; =—kC,= rate of drug elimination{ ---** (Eq. 15)
*Equating the two expressions yields: R:E— ..... (Eq. 16)

D

*Thus, a first-order rate constant is the fractional constant CI/V,. Some
pharmacokineticists regard drug clearance and the volume of distribution as
Independent parameters that are necessary to describe the time course of drug
elimination.



One-Compartment Model Equationin Terms of Cl and V.
-Equation 7|C, = Ce“] may pe rewrite in terms of clearance and volume of distribution
by substituting Cl / V, for k:|C, = Do / Voe™ "™} . (Eq.17)

Practical Focus: -
*The IV single dose equation 7 may be modified to calculate the elimination rate

constant or half life OILa_d.Lu.a_i.nﬂ.a_c%iitient when two plasma samples and their time of
collection are known:[" & =1 & K

*If the first plasma sample is taken at t; instead of at O and corresponds to plasma drug
concentration, then C, is the concentrationat time t,and t is set to (t, — t,).
[c,=Ce*enC,=InC —k,—1)]-----(Eq. 19)

*Rearranging:|ln €, —In C, =—k (1, — 1, Jl‘; _1n Z{};:LT)EE \ .....(Eq. 20)

where t; = time of first sample collection, C, = plasma drug concentration at t1, t, =
time of second sample collection, C, = plasma drug concentration at t,.

*The drug In the body is in the postabsorptive phase (i.e.; absorption is completed), this
equation may be used to determine the half-life of the drug in the patient by taking two
plasma samples far apart and recording the times of sampling.



Clearancefrom Drug-Eliminating Tissues:

*As long as first-order elimination processes are involved,_clearance represents the sum
of the clearances for both renal and non-renal clearance:CI,\IR IS assumed
to be due primarily to hepatic clearance (Cl,) in the absence of other significant drug
clearances, such as elimination through the lung or the bile:|Cl, = Cl, + CL |

Cl; Is the rate of drug elimination divided by the plasma drug concentration. Thus,
clearance is expressed in terms of the volume of plasma containing drug that is

eliminated per unit time (e.0.: mL/min, L/h).
B elimination rate ..(Eq. 211, _ (dD./dt)
T plasma concentration {CP'J 1Ch= C

il

where D¢ Is the amount of drug eliminated and dD¢/ dt is the rate of drug elimination.

= (tg/min)/(ug/mL) = 111Umin|'-"(EQ- 22)

Dy

Rearrangement of equation 22 gives equation ZBID“‘S elimination —7== CPCL’T‘....(Eq. 23)
Therefore Cl; is a constant for a specific drug and represents the slope of the line
obtained by plotting dDg/dt versus C,,

For drugs that follow first-order elimination limination is dependent

on the amount of drug remaining in the body: d% = kDy = kC,V, | -----(EQ. 24)

*Substituting lminati In equation 23 for kC,V In equation 24 and solving
for Cl gives: -JT% — &V ... (Eq. 251ch [;?:| ..... (Eq. 26)




Frequently Asked Questions: -

1- What is the difference between a rate and a rate constant?

A rate represents the change in amount or concentration of drug in the body per time
unit. For example, a rate equal to -5 mg/h means the amount of drug is decreasing at 5
mg/h. A positive or negative sign indicates that the rate Is increasing or decreasing,
respectively. Rates may be zero order, first order, or higher orders. For a first-order rate,
the rate of change of drug in the body is determined by the product of the elimination
rate constant, k, and by the amount of drug remaining in the body, ie, rate = —kDB,
where k represents “the fraction” of the amount of drug in the body that is eliminated
per hour. If k =0.1 h-1 and DB =10 mg, then the rate =0.1 h—1 x 10 mg = 1 mg/h. The
rate constant in this example shows that one-tenth of the drug is eliminated per hour,
whatever amount of drug Is present in the body. For a first-order rate, the rate states the
absolute amount eliminated per unit time (which changes with the amount of drug in the
body), whereas the first-order rate constant, k, gives a constant fraction of drug that is
eliminated per unit time (which does not change with the amount of drug in the body).

2- Why does k always have the unit 1/time (e.g.; h™), regardless of what concentration
unit is plotted?

The first-order rate constant k has no concentration or mass units. In the calculation of
the slope, k, the unit for mass or concentration is canceled when taking the log of the
number: Iy, —ny,_ In(y,/)

Slope = —
X, — X, X, — X,




3- If a drug is distributed in the one-compartment model, does it mean that there is no
drug in the tissue?

The one-compartment model uses a single homogeneous compartment to represent the
fluid and the vascular tissues. This model ignores the heterogeneity of the tissues in the
body, so there is no merit in predicting precise tissue drug levels. However, the model
provides useful insight into the mass balance of drug distribution in and out of the
plasma fluid in the body. If VD /s larger than the physiologic vascular volume, the
conclusion is that there is some drug outside the vascular pool, ie, in the tissues. If VD
/s small, then there is little extravascular tissue drug storage, except perhaps in the lung,
liver, kidney, and heart. With some knowledge about the lipophilicity of the drug and an
understanding of blood flow and perfusion within the body, a postulation may be made
as to which organs are involved in storing the extravascular drug. The concentration of
a biopsy sample may supportor refute the postulation.

4- How is clearancerelated to the volume of distributionand k?



5- If we use a physiologic model, are we dealing with actual volumes of blood and
tissues? Why do volumes of distribution emerge for drugs that often are greater than the
real physical volume?

Since mass balance (ie, relating dose to plasma drug concentration) is based on volume
of distribution rather than blood volume, the compartment model is used in determining
dose. Generally, the total blood concentrations of most drugs are not known, since only
the plasma or serum concentration is assayed. Some drugs have an RBC/plasma drug
ratio much greater than 1, making the application of the physiologic model difficult
without knowing the apparent volume of distribution.

6- Define the term apparent volume of distribution. What criteria are necessary for the
measurement of the apparent volume of distribution to be useful in pharmacokinetic
calculations?



7- For drugs that follow the kinetics of a one compartment open model, must the tissues
and plasma have the same drug concentration? Why?

The total drug concentration in the plasma is not usually equal to the total drug
concentration in the tissues. A one-compartment model implies that the drug is rapidly
equilibrated in the body (in plasma and tissues). At equilibrium, the drug concentration
In the tissues may differ from the drug concentration in the body because of drug
protein binding, partitioning of drug into fat, differences in pH in different regions of
the body causing a different degree of ionization for a weakly dissociated electrolyte
drug, an active tissue uptake process, etc.



Learning Questions: -
1- A 70-kg volunteer is given an intravenous dose of an antibiotic, and serum drug

concentrations were determined at 2 hours and 5 hours after administration. The drug
concentrations were 1.2 and 0.3 ug/mL, respectively. What is the biologic half-life for

this drug, assuming first-order elimination kinetics?

r (h) Cp (ug/ml)
2 1.2
5 0.3
Kkt
— 0
log C::- =~ 3 3 + log C
k(3
log 0.3=—522 +10g1.2
k=0.462 h—!
. 693 0.69:
2k 0.462
t,=15h
These data may also be plotted on a semilog
graph and £, ,, obtained from the graph.



2- A 50-kg woman was given a single IV dose of an antibacterial drug at a dose level of
6 mg/kg. Blood samples were taken at various time intervals. The concentration of the

drug (Cp) was determined in the plasma fraction of each blood sample and the
Jallowing datawere gbtained:

t (hour) ('_'pr (ug/mL)
0.25 8.21
0.50 71.87
1.00 7.23
3.00 5.15
6.00 3.09

12.0 1.11

| 18.0 0.40

a. What are the values for VD, k, and t1/2 for this drug?

b. This antibacterial agent is not effective at a plasma concentration of less than 2
ug/mL. What is the duration of activity for this drug?

c. How long would it take for 99.9% of this drug to be eliminated?

d. If the dose of the antibiotic was doubled exactly, what would be the increase in
duration of activity?



[ Dose (IV bolus) = 6 ma/kg > 50 kg = 300 mg

. WV _dose = 300 mg 300 mge

| ] o - —_— = 35.7T L.
L 8.4 uos/mlL. 8.4 mgeslLl.

(1) Plot the data on semilog craph paper and
use wo points from the line of best fit.

r (h) Cp (prg/ml)
2 o
& 3
2) t,,. (from graph) = 4 h
603
k:%:ﬂ-l?s h—!

b. Cpg =84 ug/ mL C,=2ug/mlL. £k=0.173 h—!

Kr

ngCp:—2 q—r—logcg
log 22—%—}—ng 8.4

r=8.29 h

Adternatively., time ¥ may be found from a graph
of C, versus f.

c. Time required for 99 . 909 of the drug to be
eliminated:

(1) Approximately 10 r, .,
r= 10(4) = 40 h
(2) CQ = 8.4 gug/mlL

WAith O.1 % of drug remaining.

C’p = 0. 001 (5.4 gegs/MmIL.) = 0. 0084 gueg/ml.

A =0_.173 nh?!



log 0.0084 = ‘0;],73'? +1og 8.4

.

f=39.9h

d. If the dose is doubled, then Cp will also double.
However. the elimination half-life or first-order
rate constant will remain the same. Therefore.

CS =16.8 ug/mL C =2 pg/mL k=0.173 h-!

0.173¢

+log 16.8

Notice that doubling the dose does not double
the duration of activity.

3- A new drug was given in a single intravenous dose of 200 mg to an 80-kg adult male
patient. After 6 hours, the plasma drug concentration of drug was 1.5 mg/100 mL of
plasma. Assuming that the apparent VD is 10% of body weight, compute the total
amount of drug in the body fluids after 6 hours. What is the half-life of this drug?




} D, =200 mg

Vp = 10% of body weight = 0.1 (80 kg)
=8000 mL =8 L

At 6 hours:

C =1.5mg/100 mL
P

drugin body (D)

Vp = C
P
D CV -5 (8000 mL)=120m
= (. = 1 =lUme
5P 100 mL =
kt
log D, = 53t log Dy
log 120 = —T—T+]Dg 200
k=0.085h""
 0.693  0.693

» = =8.1h
< I TS




4- A new antibiotic drug was given in a single intravenous bolus of 4 mg/kg to five

healthy male adults ranging in age from 23 to 38 years (average weight 75 kg). The

pharmacokinetics of the plasma drug concentration—time curve for this drug fits a one-
compartment model. The equation of the curve that best fits the data islz-:p = TBe e
Determine the following (assume units of ug/mL for Cp and hour for t): '
a. What is the t1/2?

b. What is the VD?

c. What is the plasma level of the drug after 4 hours?

d. How much drug is left in the body after 4 hours?

e. Predict what body water compartment this drug might occupy and explain why you
made this prediction.

f. Assuming the drug is no longer effective when levels decline to less than 2 pg/mL,

When_should vou administer the next dose?
C, = T8¢-04¢ (the equation 1s in the form €, =

C'%E—ﬁ'?)
InC =In78-0.461
0.46¢ 1 '
log CP == +log 78

Fe

Thus,k=0.46h~", C;} =78 ug / mL.



» O 3 » O 5
la. -, = 2095 0093 _, sh
i 0.46
b, v — dose  300.000 48 _ 3446 mlI.
o Sy TS g/l

Dose =4 mg/kg=75 kg = 300 mg

c. (1) log Cp: %+ log 78 = 1.002
Cp = 12.4 s/l
2) C = TRe 026l — TRe 18+ = TR (O 165)
Cp = 12.9 gao/mml.
d. Ar 4 hours:
D o= C V,=12.4 e/ mL > 38346 mL
= 47T .69 mg
e. Vi, = 3846 mL
Averace welght = 75 kg
Percent body wit = (3.840 kg/75 kKg) > 100

= 5.1%&
The apparent Vi, approximates the plasma
volume.
. o = 2 uo/ml.

Find r.
0. 461
log 2 = ————— 4+ log 78
2.3
;o 2.3 (dog 2 — log 78)

O.46
F= 7.9 h =8 h
Alternate Miethod

D — TR0
2 > 565 —0. a6
ﬁfﬂ.lﬂ_-()fe
. ____ __________ ___ ____________|
— 3.7 = —0.406r

3.7

— =8 h
0. 46




5- Adrug has an elimination t1/2 of 6 hours and follows first-order kinetics. If a single
200-mg dose is given to an adult male patient (68 kg) by IV bolus injection, what

percent of the dose is lost in 24 hours?

For first-order elimination Kkinetics, one-half of the initial quantity is lost each t1/2. The
following table may be developed:

Time

(h)

Num-
ber of

t'l 2

Amount
of Drug
in Body
(mg)

Percent
Percent of
of Drug Drug
in Body Lost

0
6
12

18

Method 1 24

0
1
2
3

4

200
100
50
25

125

100 0
50 50
25 75
12.5 87.5

6.25 93.75

From the above tableThe percent ot drug remaining mn the pody al

ter each t1/2 is equal

to 100% times (1/2)n, where n is the number of half-lives, as shown below:

Number

Percent of
Drug in Body

Percent of Drug
Remaining in Body
afternt,

0

1

2
3

100
50
25

12.5

100 x 1/2
100x 1/2x1/2
100 x1/2x1/2x1/2

100 x (1/2)"




Method 2

The equation for a first-order elimination after
['V bolus injection i1s

—kt
log D, :ﬁ—l' log D,

100 where
Percent of drug remaining e where n =
number of £, -

Dy = amount of drug remaining in the body

D, = dose = 200 mg
100

Percent of drug excreted = 100 — k = elimination rate constant
i 2rr
At 24 hours, n =4, since f,,, = 6 h. = 0.693 =0.1155h""
L
100
Percent of drug lost = 100 _W: 03.75% t=24h
—0.1155(24) .
log Dy = >3 +log 200

Dg=1247 mg = 12.5 mg

200-12.5
% of drug lost = 0020{; x 100 =93.75%




6- A rather intoxicated young man (75 kg, age 21) was admitted to a rehabilitation
center. His blood alcohol content was found to be 210 mg%. Assuming the average
elimination rate of alcohol is 10 mL of ethanol per hour, how long would it take for his
blood alcohol concentration to decline to less than the legal blood alcohol concentration
of 100 mg%? (Hint: Alcohol is eliminated by zero-order Kkinetics.) The specific gravity

of alcohol i1s 0.
weight.

8. The apparent volume of distribution for al

L The zero-order rate constant for alcohol is 10 mlL./h.
Since the specific gravity for alcohol is 0.8,

0.8 g/mL = _ X8
10 mL
x=8g

Therefore. the zero-order rate constant. k,. 18
8 g/h.

Drug in body at r = O:

Do —C v —219me 0N TSI) = 94.5 ¢
B TP'D 0 100L ) B T E

Drug in body at time 1 :

D, =C,V, =— "2 . (060)(75L)=450¢
D = 5 00 L ) )

HFor o mero—ornrder reactior:s

cohol is 60% of body




7- Asingle 1V bolus injection containing 500 mg of cefamandole nafate (Mandol, Lilly)
IS given to an adult female patient (63 years, 55 kg) for a septicemic infection. The
apparent volume of distribution is 0.1 L/kg and the elimination half-life is 0.75 hour.
Assuming the drug is eliminated by first-order kinetics and may be described by a one-
compartment model, calculate the following:

a. The C,°

b. The amount of drug in the body 4 hours after the dose is given

c. The time for the drug to decline to 0.5 ug/mL, the minimum inhibitory concentration
for streptococci | co — dose 00mg 40 9 mal.

V,  (0.1L/kg)(55kg)

—kt
p. log Dy = ; +log Dy

(0.693/0.75)(4)

2.3

log Dy = +log 500

D.=12.3m

v
B L

—(0.693/0.75)¢
r log 0.5 = ©.6 >3 ! +10g 90.0

e

[=35.62h



8- If the amount of drug in the body declines from 100% of the dose (IVV bolus
Injection) to 25% of the dose in 8 hours, what is the elimination half-life for this drug?

_(Assume first-order Kinetics.)

log D, = ;ki + log D?
loe 25 = —K®) | 166100
¢ o ¢
k=0.173 h~'
0.693
2= 0173 0"

9- A drug has an elimination half-life of 8 hours and follows first-order elimination
Kinetics. If a single 600-mg dose is given to an adult female patient (62 kg) by rapid IV
Injection, what percent of the dose is eliminated (lost) in 24 hours assuming the
apparent VD is 400 mL/ kg? What is the expected plasma drug concentration (Cp) at 24

hours postdose?|

log D, = ;—k:Jr log Dg
_ (—0-‘393 23”34} +1oe 600  |Cp att=24hours:
74.9 mg
Dy =74.9 mg C, = = =3.02 mg/L
P (0.4 L/kg)62Kke) |
) ) — 74 .C
Percent drug lost = 60t : /4.9 > 100
600

—87.5%



10- An adult male patient (age 35 years, weight 72 kg) with a urinary tract infection was
given a single intravenous bolus of an antibiotic (dose = 300 mg). The patient was
Instructed to empty his bladder prior to being medicated. After dose administration, the
patient saved his urine specimens for drug analysis. The urine specimens were analyzed

for both drug content and sterility (lack of bacteriuria). The drug assays gave the

following results: t(hour)  Amount of Drug in Urine (mg)
a. Assuming first-order elimination, calculate the elimination | o 0
half-life for the antibiotic in this patient. b. What are 4 100
the practical problems in obtainingvalid urinary drug 8 26
excretion data for the determination of the drug elimination half-life?

Time (h) D, (mg) dD, /t mg/h >

O Q

4 100 100/4 25 2

8 26 26/4 6.5 L+

The elimination half-life may be obtained graphi-
cally after plotting mg/h wversus r*. The f,,
obtained graphically i1s approximately 2 hours.

di —kt

log T = + log k_ D}
dr 2.3
—k log ¥, —log ¥ log6.5—log 25
Slope = = = =1 __—= " =
PE=33 X, — X, 6—2

k=0.336h""!

693 0.693 :
O ijﬁ: jﬁ}ﬁ::“..(.‘rﬁ h

2 = 0.336



Encircle the Correct Answer Only: -
1- The simplest pharmacokinetic model that describes drug disposition in the body is

the ----------

[a. 1V bolus] b. oral absorption c. IV infusion d. nebulization
2- The apparent volume of distribution determined from ---------- Immediately after
drug injection.

b. DO [b. DY/ CY c.C d.C0/D°
3- The rate of elimination for most drugs from the body is a first-order process, because
Itis ---------- dependent of drug present at that instant.

a. amount b. concentration [c. amount / concentration) d. Vp

4- The elimination rate constant, k, is a first-order elimination rate constant, unit of ----- .
a. concentration b. volume / time c. time [d. time 1]

5- The volume of distribution represents a volume that must be considered in estimating
the ---------- of drug in the body from the concentration of drug found in the sampling
compartment.

[a. amount] b. volume cleared C. unboundratio d. boundratio



. D e
6- Integration form ‘ j "dD, = —kV, jﬂ der‘ represents of ---------- .

dD dD '
| der — —!'(DB‘ [b‘ B _ ,{'VDCP C‘d(i} _ kDB _ ’{FCPVD C‘Dﬂ. = ,{VDlAUC]:
7' CIT - - .

a. Ke C, b.C,/Ke [c. Ke /C] d. e-ke/Cp



