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Microprocessor-programmed infusion of theophylline rapidly attained
expected steady-state level in rabbit plasma’

DUAN Shi-Ming, XU Xun, YE Miao. FU Ying (Department of Pharmacology. Faculty aof
Anesthestology Xuzhou Medical College,s Xuzhou 221002, China)

ABSTRACT
programmed {(two-compartmental model} in-

A self-made microprocessor-

fusion controller was connected with an infu-

sion pump. which achieved an expected
steady-state plasma concentration (C,, ) rapid-

ly (5 T!.) and maintained the level. Theo-
phylline was selected as an example, and its
pharmacokinetic parameters of rabbits, ex-
pected Cr., body weight (wt), and infusion
time {¢) were inputied. The programmed in-
fusion rate (K.} was determined by the fol-
lowing equation: (K,)=Cp K=V, -wt {1
+ (K —B)/BJEXP(~Knt)} and the pre-
dicted value was calculated by the formula.
Ciw=Cp X [1—EXP(—at)]. The needed
concentration and tatal volume of drug were
The drug
was automatically infused after pumping, and
the plasma concentration of theophylline was
measured by colorimetric method. The re-

automatically shown on the screen,
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sults showed that the median absolute value of
the performance error (MAVPE) was 8. 3 %5,
Although T'!4 of theophylline was 6. 08 h, the
expected .. was attained in only 30 min
(5 T1.) after start of infusion and then well

maintained.
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Since 1981 computer-assisted continuous
infusion system (CACI) has been gradually
The mi-
cropracessor-cantrolled infusion is a conve-

developing in clinical drug therapy.

nient way to optimize application schemes in
In a CACl of a
linear open (2 or 3 }-compartment model,
many investigators nsed a bolus loading dose
s0 as to rapidly reach an expected C,., and then

maintained this level by the automated contin-
L1281

some area of drug treatment.

uous infusion system Since some drugs

could not be given in a balus loading way, we
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devised a single exponentially declining infu-
sion model and developed a microprocessor-
programmed infusion controller to make CACI
miniaturization and integralization.

MATERIALS AND METHODS

Rabblts White 3 rabbits weighing 2.5 s 0.4
kg (Laboratory Animal Center, Xuzhou Medical Col-
lege., China) were used.

Chemicals and resgents Aminophylline contains
80.02 9% theophylline (Changzhou Pharmaceutical
Factory., ChP 1990} chloroform (Wuxi Dongleng
Chemical Factory) and iscpropenol (Shanghai First
Reagent Factory) were AR.

Determination of plasma theophylline The con-
centration of plasma theophylline was assayed colori-

metrically™.

The lineer range was 0.125—10 pg
-ml™, recovery rate was 82+ s 3 %. Standard
curve: AA=0. 0002+0. 0589 C (pg-ml™') (n=5E, r=
0. 9999%), CV=2.17 %.

Pharmacokinetic stody Rabbits were anes-
The blood sam-
ples were collected from carotd ertery at 3, 6, 9, 12,
18, 24, 30, 80, 120, 180, 240, and 360 min after
theophylline 10 mg - kg™" weas injected into posterior
auricular vein.

thetized with iv urethene 1 g-kg™".

The plasma was used to measure the
concentration of theophyllime™. The data were ana-
lyzed by PKBP-N1 program in IBM-PC computer™,

Progranmed Infusion
programmed infusion controller was connected with &
DYB-2A Electron Infusion Pump {Haimen Electronic
Machinery, Jiangsu). The pharmacokinetic parame-
ters (V.. Koy Kp» and B), Coy wt and ¢ were in-
putted into the microprocessor-programmed infusion
controller. Drug aclutions were prepered sccording to
the concentration and volume of the tested drug shown
on the screen. Then, the prepered drug sclutions
were infused automatically, During the infusion, the
blood was taken and the plasma theophylline concen-
tration wes asssyed at 5, 10, 15, 30, 60, 120, 180,
and 240 min.

Analysis of data The percent performance error
(4 PE) and the median ebsclute value of the perior-
mance error (MAVPE) were calculated ™%,

Y% PE=[ (measured—predicted } /predicted ] X 100

MAVPE—=median |PE|

Mictoprocessor-

RESULTS

Selection of compartment model The
disposition exhibited s two-compartment mod-
el after iv theophylline 10 mg-kg™!;

C,—24.6 EXP(—0.1496t) 4+ 19. 4 EXP
(—0. 001%¢)

The changes of plasma drug concentra-
tion us time are shown in Fig 1.
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Fig 1. Theophylline concentrations in plasma after iv

bolus 10 mg-kg ™" in 7 rabbits. Xis.

The pharmacokinetic parameters cbtained
were; B=0.001% min~!; K;,=0.0043 min™?,
K;;=0.0670 min~! and V., =0.227% L -kg™!
(Tab 1).

Tab 1. Pharmacokinetic parameters after lv theo-
phyiline 10 mg-kg™* in 7 rabbits. ris.

A 23.3+7.3mg-L”" V. 0.24610.058 L -kg™'
B 19.3+3.3mg-L™" K1 0.24810.075 h™!

¢  §.1+3.9h™ B 0.114%0.034 W7}
K124.76+2.41 h~? Ky 4.22 +1.76 b7

Rate of programmed infusion The equa-
tion for rate of programmed infusion (X,) is;

K. =CuKppV. wt {1+ [ (K, —B)/B] EXP
(—Kut)}

The pharmacokinetic parameters, Cp, {40
pgrml™'), wt (2 kg) and ¢ (240 min) were in-
putted into the microprocessor-programmed
infusion controller. K;{mg- min™')=0. 0784

+2. 6862 XEXP{(—0.0670t). The change of
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drug efflux vs time was shown in Fig 2.

3 T -

= 1
E L
]_
UL \-h; : o
1 3 1 1
Timr/h
Fig 2. Theoretical values of the programmed infu-

sion.

The

effluent solutions from programmed infusion

Accuracy of programmed infusion

pump were collected at different intervals, and
compared with predicted volumes (Tab 2).

Tab 2. Efflux values of mlcroprocessor-programnved
Infusion pump. =4. Xts.
£/ min predicted /ml measured /ml
0—5 37.6 37.5 0.4
14—15 19.9 20.5410.1
20—30 18.8 18.751+0.1
4050 6.8 7.1 0.3
70—80 3.1 3.18x0.2
90— 100 2.6 2.5810.1

The volumes (ml) were calculated as fol-
lQW H

j “ [0. 25+8. 57 EXP(—0. 0676 Jde

The dispersion of measured and predicted
plasma theaphylline concentration was shown
in Fig 3.

Theophylline concentration
during programmed infusion

in plasma

The predicted value was calculated by the
formula .

Cir=Cpu X [1—EXP{—at)]

The predicted »s measured drug concen-

tratron was shown in Tab 3.

S I |
Hr / e 2 DR
/ / )
/ /
’ e aea
z I /"
x /f // //’
- &f . R -
= 49 3 s // 4
- A . ~
E /"'r 37 //?/
< / ,..'}/ /,/_\__3
= 4 ~ o
' ! rd
! rd
2'_]L 4N ‘/ -

N " . . n —1
adl 23 30 35 44 45

A

Measured cancn/ppg = mi™!

Fig 3. Predicted (P} vs measured (M) theophyline
concentration in 55 plasma samples. Dashed lines =
deiineates measured samples at +30 » of predicted.

Tab 3.
programmed Infuslon in 7 rabbits.

Theophylline concentration in plasma during
ks,

Time Concentration/ug »ml™’
/min predicted measured
5 2L 1 244
10 31.0 31+4
15 35.8 334
30 39.6 3814
80 40.0 38%3
120 40.0 8x2
180 40. 0 3813
240 40. 0 4013
DISCUSSION

In the present study, the standard curve,
recavery rate and CV % of plasma theophylline
assay were consistent with those in others®™-.
The plasma thecophylline concentration
reached 31+s 4 pg-ml (78 % of C...) in 10
min and 94 % of Cem in 30 min after the initia-
With the

way of constant iv drip and the same pharma-

tion of the programmed infusian.

cokinetic parameters (to attain the same Cp,) .
the plasma theophylline concentration was on-
ly 14. 945 1.3 pg=ml™! 4 h after the start of

infusion”. According to this result, it would
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take 30. 4 h (5T Lp) to achieve the Cp,. It was

acceptable that PE of assayed plasma concen-
tration ranged from 4+ 20 to £+ 30 %, never
exceeding +=50— +60 % in computer-assisted
infusion®™. In our study, 96 % (53/55) of
the measured values were within & 30 %% of
those predicted and MAVPE was only 8. 3 %.
The results indicate that the programmed
infusion used in this study is very reliable. Tt
is also shown that the individual programmed
infusion with population pharmacokinetic pa-
ratneters is practical and useful.

The single programmed infusion devised
in the present study could also be used for the
drugs, which could mot be given in a bolus
loading way, to achieve a required expected
Ceu rapidly and then maintain this level.

In general, a CACI system consists of a
computer (IBM-PC or Apple II), an interface
and an infusion pump. We have developed a
programmed infusion pump which can make
the CACI system miniaturization and integral-
ization for clinical drug therapeutics,

However, our programmed infusion
pump lacks the ability of feedback regulation
on the concentration of drug and therefore
remains to be further improved.

APPENDIX

We are concerned with a general, linear
two-compartment model shown as Fig 4.

Xc Xz

Xp
A + Be T—qw—

=
i~

Fig 4. Linear iwo-compartment model.

We assume that the infusion rate (mg
‘rin"’) is
K0)=A+&‘“ - (1)

The amount of drug obtained by Eq (1) is
infused into the central compartment, elimi-
nated from the central compartment and redis-
tributed to peripheral compartment.

Let Xi(¢) be the amount of drug in com-
partment i at time ¢z The variation of Xi(s)
with time is described by

dXc/dt=A+Be "+ K X,— (KoK ) Xt (2)

dXp/dt=K,,Xc—K,, Xp (3)
where K, are the first-order rate constants
(min!).

The solution, obtained by Laplace trans-
formation. is

____AK31____ A(u—"K'ﬂ) B(Kl'l_a) —ar
Xe="0 " wm Te-po—a-*
_FA(B—K,) B(K,;—R) —~B
= T - @E—1 e
_ BKa—Y) .
T—DE=1° | (4

The concentration-time equation is
Co=(AKy/Vef)—Le ™ —Me *—Ne ™ (5
where V. is the apparent volume of the central
compartment and Ly, M and N are coeffi-
cients. Let M, N be zero, solving the values
of A, Band ¥

7=Kﬂ_ [ B=A(Kz1"B)fﬁ

When ¢t—co, the equation (5) may be
written as

Lim=Cpn.=A K;,/V.ep

[—=00
or A =Cpnvch/K21 =CFBIVCK1|3
Substituting the values of A, B, and ¥ in Eq
(1), and solving the eguation for the single
exponentially declining infusion yields
Ki=CouVe K10+ CoasVe K1 [ (K3 —BY/R] EXP(—Kp2)

=CpschK1I]{l+ [(Km—ﬁ)fﬂ] ExP(—KnI)}
Substituting the values of A, B, and ¥ in Eq
(5), and solving the equation for the concen-
tration-time yields

Co=Crll—e™)
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Protective effect of tetramethylpyrazine against damages of aortic
endothelial cells elicited by low-density lipoproteins’

LI Yu-Jie, LI Yuan-Jian, WU Jin-Xiang, YU Xian-Jie, YAN You-Fang®
(Department of Pharmacology, Hu-nan Medical University, Changsha 410078, China)

ABSTRACT Effects of tetramethylpyrazine
(TMP) on endothelial cells damaged by low-
density hpoproteins (LDL) were investigated.
When endothelial cells were incubared with
LDL (1.5 mg protein>ml™") the level of mal-
ondialdehyde (MDA ) was increased and the
activity of superoxide dismutase (SOD) was

Received 1593-09-13 Accepted 1994-05-04
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inhibited , and levels of cGMP and
epoprostenol were decreased. TMP at con-
centrations of both 20 and 150 mg-L™' nulli-
fied the inhibition of SOD activity and the re-
duction of ¢GMP and epoprostenol content
elicited by LDL. However, the elevation of
MDA content induced by LDL was negated by
TMP only at 150 mg:L~!. TMP also caused
a reduction in MDA content and an increase of
epoprostenol level in normal endothelial cells.
This study suggests that TMP protects en-
dothelial cells against damages elicited by LDL
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