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Question what must be the rate of infusioK{) in com- Letz(s) = L x(t), the Laplace transform of(t). Then Eqg.

partment 1 of anp-compartment pharmacokinetic modelto (1) becomes
achieve a specific steady-state concentrati®
P Y 7 ( SZ:L:_Klzl+k2122+"'+knlzn+(Ko/S)
Answer: K, = C x Cl whereCl is the total clearance. : 2

. . sz =K.z + - — K
Proof: For ann-compartment pharmacokinetic model %= fan2y n%n

with first-order kinetics except for the input ratg which Thus, by Cramer’s method
is constant and where elimination can take place from all —K /s o K,
compartments: lex(t) be the amount of drug at timein ° ! !
compartment (i = 1,...,n). 2(9= 1 0 -Kz-s K2

With 1 Py (9

n
wherePy, (s) =detM -sl,) with |, the unity matrix of order
X'1= =KXy +KorXo + o+ +Kna Xy + Ko n.

. Developing from the first column, we obtain
X' = KypXg —KoXp + -+ + KXy ping

(1) Ko P(s)
z=- def(A -sly_q1)= —— 3
X'n = klr‘IXl + k2nX2 +...- Kan ]
if P(s) = —K,de(A —sl,_;) andQ(s) =sPy(9)
with x(0) = 0 for alli = 1, ..., n. Coefficientk; (in time™) From Heaviside’s theorem if all eigenvaluesMfare dis-
stands for exchange from compartméemnd compartment tinct
(ki, for outside). P(0) P(\)
The matrixM of this differential system is X1() = ==+ 1 eht 4
Y AT OMRNTi%) @
K ke Koy where\ are the roots oPy(s) that is the eigenvalues o,
" Kio F—T(z_ T K whose real parts are always negative, such as
= -H---A
| | lim eM'=0
| | t- +o
kan i ken 0 —Kal Thus, at steady state
whereA is the matrix obtained fronM by discarding the Po) -K,detA —K,detA
first row and the first column dfl. lim x(t)=5—~=—2 =—
to +oo Q'(o) Pu (0) detM
*UFR de Mathenatiques, Universit®aul Sabatier, 118, route de Nar-  (Note that if the eigenvalues & are not distinct, the result
bonne, 31062 Toulouse @ex, France. for lim x.(t) remains valid because Bromwich’s theorem
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gives the same constant coefficid?{b)/Q’'(0), while other ~D det(A -l
. . t . . _ n—l)

entries include products df and &' whose limit when P

If V denotes the volume of distribution of compartment 1 Thus
and C,(t) the concentration in this compartment, then 2(0)= ~DdetA _ -Ddeth A AL G = —DdetA
I|m C (t) - - KO detA (5) 1 - PM (0) - detM e V detM
tote ¥ V detM
For the concentration at steady state to have a specific value’® that
C, then Eq. (5) gives the value of the necessary infusion | _ -V detM and K,=C x Cl
rate K, detA

B -V detM Note that the units are consistent on both sides of the equa-
Ko=CX [ ~det 6) tion (m = mass,| = liter, h = hour): K, is in m/h; C

) ) ) ) is a concentration iml; a clearanceCl is in I/h thus
To obtain the complete solution to the problem, it remains ¢ x cJis in m/l x I/h = m/h as K,.

to show that-V det M/det A represents the total clearance.

Since clearance does not depend on the route of admin-
istration in the model, we may obtain clearance by
Cl= D/(A 0 C;) whereA D C, is the area under concentra-
tion curve in compartment 1 after a bolus of a dbsia this
compartment. Furthermordé, [ Clzzl(o)/v where Zy(s)
denotes the Laplace transform of the amoxfi) in com-
partment 1 receiving the bolus doBe

_D kZl knl
-Ky-s ki
0 K2 -K,-s

1

Zy(9) = Pu(S



