but the rates and magnitudes of these changes may be
different. Careful attention will have to be given to the
methodology of in vitro drug-protein binding determi-
nations if artifactual results are to be avoided.

(1) R.C. Chouand G. Levy, J. Pharmacol. Exp. Ther., in press.
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The Loss of Nitroglycerin from Intravenous
Administration Sets during Infusion:
A Theoretical Treatment

Keyphrases O Nitroglycerin—loss from intravenous administration
sets during infusion O Administration sets—loss of nitroglycerin during
infusion

To the Editor:

In a recent report (1), a model was proposed to explain
the loss of nitroglycerin from solution into a plastic bag.
Under static conditions, the kinetics describing the loss of
drug was biexponential and expressed as:

A= ,8()“"‘-"[ + (A() it /3)?"?” (Eq 1)

where A is the amount of drug in solution, k is the rate of
drug absorption onto the surface of the plastic, k3 is the
diffusion of drug into the plastic, Ay the initial amount of
drug in solution, and (3 is a constant. With plastic bags, Eq.
1 showed an excellent fit to the experimental data.
During the infusion therapy, the above principles apply
to large volume parenteral therapy. However, a dynamic
situation exists in the infusion set due to the constant flow
of solution through the plastic tubing. A model depicting

in a glass bottle (no absorption) and allowed to flow
through the infusion set is shown in Scheme L.

In addition, because of the large amount of drug in the
bottle, the tubing could become saturated. Thus, the
amount of drug lost from solution is also dependent on the
amount of drug present in the tubing. (It was assumed that
the rate of absorption is not dependent on the amount
remaining to be absorbed, Cy — C7, but on the amount
present, Cp. The results appear to support this assump-
tion.) The differential equations, therefore, describing the
rate of change of Cy, C;, Cg, and Cy are:

dcy

= koC Eq.2
a7 e
dCs _ kiCr =k Cs — kaCy (Eq. 3)
dt
dC; "
o koCo = £1Cr — kaCr + k3 Cy (Eq.4)
dCo
dCo_, (Eq. 5)
— \Lq

To solve for this model, it must be assumed that the
supply of drug in the bottle is infinite, and that the amount
of drug and solution delivered through the infusion set is
insignificant compared to what remains in the bottle.
Solving for Eq. 2, then:

Cr = C,I,O(;~kzl (Eq. 6)
where Cr, is the saturation concentration in the tubing.
To solve Eq. 3, one needs to consider the total mass balance
of drug (D) in that:

Do=D; + Dy + Dy + Dr (Eq. 7

where Dy is the total amount of drug, D; is the drug in the
infusion set (which includes the amount delivered), Dp is
the drug in the bottle, Ds is the drug on the surface of the
set, and D7 is the amount of drug in the plastic. Since the
assumption was made that the amount of drug in the bottle
is in infinite supply, then Dy = Dg. Since D is the con-
centration (C) X volume (V), Eq. 7 can be approximated
to be:

Ve
Cr=--20Cg~—LCr (Eq. 8)
Vr

17
Substituting Eqgs. 8 and 6 into Eq. 3, and solving for Cg, one
obtains the following solution for Cg:

Cs = Ae~a! — Ae=hal (Eq.9)

the loss of nitroglycerin from solution when drug is diluted where
Drug in A:i)mlxture 0 Drug in (Igf;lswn Set 3 Patient

k_lukl

Nitroglycerin on Surface

o

lk;

Nitroglycerin Dissolved
in Plastic Matrix

(Cr)

Scheme [

0022-3549/ 82/ 0400-0473%01.00/ 0
© 1982, American Pharmaceutical Association

Journal of Pharmaceutical Sciences / 473
Vol. 71, No. 4, April 1982



©
>
g sof-
'—
<
E 7ol
u2J o
3}
[ )
& 6ol o
o
Z
T so0f
N ™
pu |
S a0
« P T S R S ! I L
> 0 2040 60 90 120 180 240 300
MINUTES

Figure 1—Nitroglycerin loss: concentration in bottle = 100 pg/ml, flow
rate = 1.0 ml/min. Equation describing loss: 1 — (C/Cp) = 0.327e ~0-0036¢
— 0.270e~0-049 + [ 08e~O91t where @ is actual data and the smooth
curve is computer-fitted data.
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klgcnwzcru
A=——’————V— (Eq. 10)

by — ko — k) =

2 - 1 v,

and
Ve
=k —+k_ (Eq. 11)
v,

Finally, substituting Eq. 9 into Eq. 4 and solving for C;:

¢ = _koCo _ (M — a4 B] ok 4 o —al — Bo =kt
ki+hky \ky+ky
(Eq. 12)
where
k1A
=— Eq. 13)
« a - k‘ - ,\‘3 { 4
and
kA
=— Eq. 14
5 — (Eq. 14)

To further simplify Eqg. 12 at the initial phase, prior to
adsorption of nitroglycerin, £y = 0, k3 = ky, and rear-
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ranging Eq. 12:

e~ lkitkalt ie—-ﬂt + ﬁ e hat

Cy Cy
(Eq. 15)

The results of the treatment of the infusion data using Eq.
15 is shown in Figs. 1 and 2, using different flow rate con-
ditions. The data were listed using back projection
(stripping) technique (2). As predicted by the model, a
triexponential loss of nitroglycerin is seen. The model
shows that the initial loss is due to adsorption and loss due
to infusion, followed by equilibration on the inside surface
of the infusion set and, consequently, the rate-limiting
adsorption of nitroglycerin by the plastic. The model also
shows that when no adsorption/absorption occurs, the
concentration of drug delivered is the same as the con-
centration in the bottle.

All factors affecting nitroglycerin loss have heen docu-
mented previously for static conditions (1). All these fac-
tors apply here, in addition to the loss also being dependent
on the flow rate.

(1) A. W. Malick, A. H. Amann, D. M. Baaske, and R. G. Stoll, J.
Pharm. Sci., 70, 798 (1981).
(2) J. G. Wagner, “Fundamentals of Clinical Pharmacokinetics,” Drug
Intelligence, Hamilton, [ii., 1975.
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General Derivation of the Equation for
Time to Reach a Certain Fraction of
Steady State

Keyphrases O Pharmacokinetics—derivation of the equation for time
to reach a certain fraction.of steady state 00 Equations—for time to reach
a certain fraction of steady state, derivation

To the Editor:

The time to reach a certain fraction of a given steady-
state plasma concentration for a drug which exhibits
multiexponential characteristics is not a simple function
of the terminal disposition rate constant or half-life.
Rather, it is a complex function of all coefficients and
disposition rate constants in the equation describing the
concentration-time curve. A given fraction of steady state
is reached sooner with a drug that demonstrates multiex-
ponential behavior than one that demonstrates monoex-
ponential behavior. Recently, Chiou (1, 2) developed a
general equation that permits the estimation of fraction
of steady state from area ratios. The derivations were based
on the superposition principle, or assume constant rate
input of drug into the body. The following appears to be
a more general approach for the derivation of the area
equation.
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