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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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Figure 2—Nitroglycerin loss: concentration in bottle = 100 ug/ml, flow
rate = 0.5 ml/min. Equation describing loss: 1 — (C/Cq) = 0.201¢ =068t
—(0.57e~0-004t 4 () 500 —0- U8 yhere @ (s actual data and smooth line is
computer-fitted data.

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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The plasma concentration (C) versus time (t) curve for
a drug obeying linear kinetics can be described by:

C= i Age Mt (Eq. 1)
=1
following a single dose, or by:
n 1 - e—N)\Ir
Cn=1% A (‘——_T) e M (Eq. 2)
=1 1—e™"

following the administration of multiple doses at a fixed

time interval of 7. In Eq. 2, Cy is the plasma concentration

during a dosing interval at any time following the Nth

dose. Once steady state is achieved, the concentration (Cs;)

is given by:

C 4 1 — At

SRR P a3

The fraction of the steady-state concentration (f;) can

be defined as the ratio of the average plasma concentration

during the Nth dosing interval (Cy) to the average plasma
concentration at steady state (C), that is:

fss = Cn/C (Eq. 4)
where
Cn = AUCN/T (Eq. 5)
and
T =AUC/T (Eq. 6)

AUCy and AUC are the areas under the plasma concen-
tration-time curves during the Nth dosing interval and at
steady state, i.e. {3 Cn dt and §§ Cssdt, respectively. In-
tegrating Eqs. 2 and 3 from time zero to 7, substituting
these values for AUCn and AUC in Egs. 5 and 6, and
solving for f,, in Eq. 4 using the resulting values for Cy and
C yields:

n
S AL = e NN /N
i=1

fos = (Eq. 7)
]; Al/N
This relationship for f,, can be expanded to give
STAIN = 3 AemNry,
fo =L il (Eq. 8)

]}'i AilN
=

The total area under a plasma concentration versus time

curve following a single dose of a drug equals Z7.; A;/\
(i.e., the integral of Eq. 1), therefore,
AUC = 3= Aje=NNr/N
1=1
= (Eq 9)

AUC
Furthermore, the integral of Eq. 1 from time ¢t to = pro-
vides an expression for the area under a plasma concen-

tration versus time curve following a single dose from time
t to =, AUC;:

AUCE S Age=Nt/ N (Eg. 10)
I=1

Because N7 in Eq. 9 equals the time since the beginning
of dosing, i.e., t, AUC? can be substituted for 2i.,
Ae~NNT/N in Eq. 9 to yield:

= AUC = AUCT _ AUCY
= AUC AUC

(Kg. 11)
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Therefore, the fraction of steady state reached at time
t after initiation of a multiple dosing regimen can be de-
termined by knowing the areas, AUC and AUC;" or AUC|,
obtained from a single dose of the drug. No model has to
be assumed to permit the use of Eq. 11 for determining
fos-

(1) W. L. Chiou,J. Pharm. Sci., 68, 1546 (1979).

(2) W. L. Chiou, J. Pharmacokinet. Biopharm., 8, 311 (1980).
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Hypotensive Activity of Cecropia
obtusifolia

Keyphrases O Cecropia obtusifolia—ethanol extract, hypotensive ac-
tivity O Hypotensive activity—effect of Cecropia obtusifolia, ethanol
extract

To the Editor:

Cecropia obtusifolia Bertol is a medium-sized tree of
the Moraceae family which grows wild in the tropical areas
of Mexico. In the traditional medicine of tropical America,
different species of Cecropia have been credited with a
variety of therapeutic properties, such as antitussive,
anti-inflammatory, and antidiarrhetic. Since the beneficial
effects of extracts of Cecropia leaves in the treatment of
heart failure were documented in a clinical study (1), it
seemed of interest to determine the cardiovascular effects
of C. obtusifolia in view of its widespread distribution in
Mexico.

The material investigated! was collected in the area of
the botanical station of Los Tuxtlas operated by the In-
stitute of Biology of the University of Mexico and located
in the Gulf coast state of Veracruz. Two kilograms of the
leaves were ground and extracted with hexane in a Soxhlet
apparatus. The residue was then treated with ethanol and
the resulting extract dried by lyophilization. One portion
of the 104-g extract was used for pharmacological studies;
the other for further extraction {shown previously (2)]. The
results of this work, which led to the isolation and identi-
fication of two compounds, will be reported elsewhere.

The cardiovascular activity of the extract was deter-
mined in male Wistar rats anesthetized with a 1.8 g/kg ip
dose of urethane. Blood pressure and heart rate were re-
corded continuously, the former with a transducer con-
nected to a cannulated femoral artery and the latter with
a tachograph triggered by the pressure pulse. The extract
was dissolved in propylene glycol and diluted with isotoniec
saline to a final concentration of 10 mg/ml, resulting in a

!'The plant material used in this investigation was identified as Cecropia
obtusifolia Bertol (Moraceae) by J. I. Calzada, Institute of Biology, National Uni-
versity of Mexico. A specimen (Number MEXU-237314) representing material
collected for this investigation is available for inspection at the Herbarium of the
Institute of Biology, National University of Mexico.
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