
erence for either enantiomer. This result is in agreement with results 
obtained previously with human cell cultures and each pure enantiomer 
as well as the racemic mixture. No significant difference in the cytotoxic 
effects or the relative abilities to prevent an increase in cell numbers was 
observed with the three forms (16). 

Control runs with plasma blanks showed no interferences with either 
the I or fluorouracil procedure. The accuracy and the concentration range 
over which both methods were tested are indicated in Table I. The cor- 
relation coefficients for the amount added uersus the amount calculated 
in Table I are 0.999 for both sets of data, indicating that both analyses 
are linear in the concentration ranges tested. The methods as outlined 
permit the detection of 0.25 pg of I and 0.025 pg of fluorouracil/ml of 
plasma and are specific for the intact molecules. The sensitivity and 
applicability of these analyses indicate that they are suitable for these 
types of studies, and clinical investigations utilizing these procedures are 
currently being performed. 

REFERENCES7 

(1) R. A. Earl and L. B. Townsend, Heterocycl. Chem., 9,1141 (1972), 

(2) H. Fujita, K. Ogawa, T. Sawabe, and K. Kimura, Jpn. J. Cancer 

(3) D. V. Meiren and A. K. Belousova, Vopr. Med. Khim., 18,288 

(4) M. I. Kravchenko, A. Zidermane, and A. Zibere, Eksp. Klin. 

(5) S. Germane and A. Kimenis, ibid., 1,85 (1970). 

and references cited therein. 

Clin., 18,917 (1972). 

(1972). 

Farmakoter., 1,93 (1970). 

~ ~~ ~~ ~ 

Note added in proof: Similar methods for the concurrent determination of 
I and fluorouracil were reported recently by A. T. Wu, H. J. Schwandt, and W. 
Sadee, Res. Commun. Chem. Pathol. Pharmacol. 14.89 (1976). 

(6) K. Lu, T. L. Loo, J. A. Benvenuto, R. S. Benjamin, M. Valdivieso, 

(7) E. K. Vozny and A. M. Garin, Cancer, 30,390 (1972), and refer- 

(8) C. Konda, Jpn. J. Cancer Clin., 19,495 (1973), and references 

(9) A. Valdivieso, G. P. Bodey, J. A. Gottlieb, and E. J. Freireich, 

(10) A. Z. Smolyanskaya and B. A. Tugarinov, Neoplasms, 19,341 

(11) H. Fujita, K. Ogawa, T. Sawabe, and K. Kimura, Gan No Rinsho, 

(12) S. W. Hall, R. S. Benjamin, A. C. Griffin, and T. L. Loo, AACR 

(13) J. J. Fox, R. J. Cushley, and S. R. Lipsky, Tetrahedron Lett., 52, 

(14) J. L. Cohen and P. B. Brennan, J. Pharm. Sci., 62,572 (1973). 
(15) J. PemliEka, R. Gasser, J. V. Freisler, and J. P. Horwitz, J. Am. 

(16) J. P. Horwitz, J. J. McCormick, K. D. Philips, V. M. Maher, J. R. 

and E. J. Freireich, Pharmacologist, 17,202 (1975) (Abstract). 

ences cited therein. 

cited therein. 

Cancer Res., 36,1821 (1976). 

(1972). 

18,911 (1972). 

Abstr., 17,128 (1976). 

5393 (1968). 

Chern. Soc., 94,3213 (1972). 

Otto, D. Kessel, and J. eemlilka, Cancer Res., 35,1301 (1975). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received October 21, 1976, from the Michigan Cancer Foundation, 

Accepted for publication January 10,1977. 
Supported in part by U S .  Public Health Service Research Grant 

CA-07177 and in part by an institutional grant to the Michigan Cancer 
Foundation from the United Foundation of Greater Detroit. 

The authors are indebted to Dr. Laurence Baker for the biological 
samples. The technical assistance of Ms. Jean Devos is gratefully ac- 
knowledged. 

Detroit, MI  48201. 

x To whom inquiries should be directed. 

Estimation of Pharmacokinetic Parameters from Postinfusion 
Blood Level Data Obtained after Simultaneous 
Administration of Intravenous Priming and 
Infusion Doses 

SAMPAT M. SINGHVI 

Abstract 0 Occasionally, it is desirable to attain steady-state blood drug 
levels rapidly in pharmacokinetic studies as well as in the treatment of 
certain diseases. In these cases, it is useful to administer an intravenous 
priming dose in combination with continuous drug infusion. Mathe- 
matical relationships are presented for the determination of phar- 
macokinetic parameters in these situations using postinfusion blood drug 
level data. The parameters obtained by this method are identical to the 
parameters obtained after a rapid intravenous injection of a drug. 

Keyphrases Pharmacokinetic parameters-determined from post- 
infusion blood level data after simultaneous intravenous priming and 
infusion doses 0 Dosage regimens-simultaneous intravenous priming 
and infusion doses, pharmacokinetic parameters determined from 
postinfusion blood level data 

Methods for the assessment of pharmacokinetic pa- 
rameters from postinfusion blood level data obtained after 
continuous intravenous infusion were presented previously 
(1). However, in practice, a rapid intravenous priming dose 
is often given simultaneously with the beginning of a 

If: 

continuous infusion to achieve steady-state blood drug 
levels rapidly in the body. This paper presents the treat- 
ment of postinfusion blood concentration data for the es- 
timation of pharmacokinetic parameters in those in- 
stances. 

THEORY AND DISCUSSION 

Two-Compartment Model-For a drug that exhibits the charac- 
teristics of a two-compartment open model (Scheme I), the decay of blood 
concentration, Cp(bluS), with time t , after a rapid intravenous injection 
(assuming first-order elimination and distribution kinetics) can be ex- 
pressed as (2): 

(Es. 2) 
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then: 

where A and B are 

Cp(hoius) = Aecat  + be-Bt 03s. 4) 

intercepts at zero time, a and 6 are disposition rate 
constants, klz and ki l  are distribution rate constants, k,l is the first-order 
elimination rate constant from the central compartment, X o  is the in- 
travenous priming dose, and V,  is the volume of the central compart- 
ment. 

Siniilarly, when a drug is administered as a continuods infusion at  a 
constant rate, ko, the blood levels, Cp(inn, at any time t during and after 
cessation of infusion can be described as (2): 

ko(kz1 - a ) ( l  - eaT)  e - a t  + ko(P - k z d l  - eaT)  e-Bt  
VCB(ff - P )  Cp(in0 = 

V C f f ( f f  - P )  
(Eq. 5) 

where 7' is the duration of infusion. The blood drug level after cessation 
of ihfusion also can be expressed as: 

Similarly, the drug concentration at time (T + t') after the bolus dose 
can be expressed as: 

where t' is the elapsed time after termination of the ififusion. 
Equations 6 and 7 can be combined to obtain plasma drug levels a t  the 

end of an infusion, Cp(post), when simultaneous intravenous priming and 
infusion doses are administered. Combining Eqs. 6 and 7 and simplifying 

and  

2 0  -I 
Ql a 
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-- 
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2 4 6 8 10 12 14 

HOURS 
Figure 1-Simulated blood concentrations after Simultaneous ad- 
ministration of intravenous priming and continuous infusion doses of 
a hypothetical drug. 

then combining Eqs. 10-12 gives: 

Cp(post) = Ale-at' + Ble-flf' (Eq. 13) 

This equation is equivalent to the hiexponential equation defining a rapid 
intravenous injection blood curve. Thus, when plasma concentrations, 
Cp(post), are plotted semilogarithmically against the postinfusion time, 
t', a biexponential curve is obtained (Fig. 1). 

can be obtained from these plots, as ex- 
emplified in Pig. 1. When these values are known along with XO, ko,  and 
T, the intercepts A and B can be computed using Eqs. 11 and 12. 

After obtaining A ,  B ,  a, and P, various other pharmacokinetic pa- 
rameters can be calculated by conventional methods (2) as follows: 

Parameters A1, €31, a ,  and 

A B  A U C = - + -  
U P  

total dose v, = ~ 

A + B  

where A U C  is the area under the plasma level-time curve, v d  is the ap- 
parent volume of distribution, C ~ B  is the total body clearance, and total 
dose is the primilig plus infusion dose ( X o  + koT). All other parameters 
were defined previously. 

Equations 11 and 12 arb similar to the corresponding equations (e.g., 
Eqs. 21 and 22) presented by Loo and Riegelman (1) in their treatment 
of podtinfusion blood level data obtained after an intravenous infusion 
dose without a simultaneous priming dose: 

and: 

(Eq. 22) 

Three-Compartment Open Model-By using the same treatment 
for a drug that exhibits the characteristics of a three-compartment open 
model, the decay of blood levels during the postinfusion period following 
simdltaneous administration of intravenous priming and infusion doses 
can be expressed as follows: 

where: 



After estimation of P,  A ,  R ,  P, a, and 0, the other pharmacokinetic 
parameters can be computed using the conventional methods (2) for 
blood concentration data obtained after a single rapid intravenous in- 
jection of the drug. 

Occasionally, it is desirable to inject a drug slowly at  a constant rate 
until the desired steady-state blood drug concentration is achieved. 
However, the time required (about 7 X t I / f i )  to obtain steady-state blood 
concentrations will be quite long for a drug with a long half-life. It may 
then be convenient to administer an intravenous priming dose simulta- 
neously with the continuous infusion to obtain steady-state conditions 
rapidly (3,4). The relationships derived in this paper are useful for the 
estimation of pharmacokinetic parameters in these situations. 
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Hydrolysis Mechanism of 7 -Acetylacroninium 
Perchlorate, a Novel Prodrug of Acronine 

A. J. REPTA =, J. R. DIMMOCK *. BO KREILGARD *, and 
JAMES J. KAMINSKIS 

Abstract 0 7-Acetylacroninium perchlorate was hydrolyzed at 25’ by 
both water enriched with 180-labeled water and by unenriched water. 
The acronine obtained was examined by mass spectrometry, which in- 
dicated the unusual fact that hydrolysis of this ester proceeded by aryl 
oxygen cleavage to the extent of about 30% under those mild condi- 
tions. 

Keyphrases 0 7-Acetylacroninium perchlorate-hydrolysis mechanism 
0 Acronine prodrug-7-acetylacroninium perchlorate, hydrolysis 
mechanism 0 Prodrugs-7-acetylacroninium perchlorate, hydrolysis 
mechanism 0 Hydrolysis-7-acetylacroninium perchlorate, mechanism 
determined 

The alkaloid acroninel (I) has activity against a wide 
range of tumors (l), but a major problem associated with 
its administration has been its low water solubility, only 
about 2-3 mg/liter (2). 

BACKGROUND 

Attempts have been made to’increase acronine solubility in water by 
coprecipitating the drug with povidone (3), using a mixture of an organic 
solvent and water (4), and complexation with various ligands (4). All of 
these methods failed to increase the water solubility of acronine to a 
concentration of 30 mg/100 ml, which was the value desired for intrave- 
nous administration. 

Another approach was based on the fact that, in the presence of acid, 
protonation of the 7-oxygen of acronine resulted (11) (4). Thus, in pre- 
paring an acronine prodrug, acylation of the 7-hydroxy group of an 
acroninium salt would be expected to produce a 7-acyloxyacroninium 
salt with increased water solubility compared to acronine and yet be ca- 
pable of regenerating acronine in uiuo. 7-Acetylacroninium perchlorate 
(111) was prepared and is over 100 times more water soluble than acronine; 

in uitro, it is converted quantitatively to acronine. However, the prodrug 
suffers from the disadvantage of being hydrolyzed too rapidly [ t l / z  - 20 
min under ambient temperatures (18-25’) in nonirritating, nontoxic, 
and water-miscible media] to be of clinical use (5). 

The rapid solvolysis of 111 may be due, in part, to aryl oxygen fission, 
since modification of the alkyl moiety of the ester group of analogs of I11 
reportedly yielded compounds with nearly identical hydrolysis rates (4). 
In addition, the reaction of I11 with both aniline and mercaptide ions 
resulted in the formation of the corresponding 7-anil and 7-thioke- 
tones. 

The purpose of this work was to determine whether hydrolysis by aryl 
oxygen fission would occur to an appreciable extent under mild condi- 
tions. Such information is of interest from a general standpoint and might 
also prove useful in the design of related prodrugs with improved stability 
properties . 

0 OCH., 

I 

OR OCH,, 
I I  

ClO, 

1 Referred to as acronycine previously. 
11: R = H  

111: R = COCH, 
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