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Abstract 0 Specific assay procedures were developed to measure 
plasma concentrations of (&)-1,2- bis(3,5-dioxopiperazinyl)propane 
(I) by GLC using flame-ionization detection with a sensitivity limit 
of 5 pglml and by GLC-mass fragmentography with a sensitivity 
limit of 0.2 pg/ml. Applicability of the assay procedures was dem- 
onstrated in rats, rabbits, and humans. Plasma concentration-time 
curves of total 14C activity and intact I were obtained in rats and 
rabbits following oral and intravenous administration of I4C-I. 
Plasma elimination half-lives of I in the first 2 hr following intra- 
venous doses in rats were 40 and 45 min in two rats. Plasma levels 
of I were measured over 6 hr after an intravenous dose in rabbits 
and followed a two-compartment open model with a terminal log- 
linear plasma half-life of 85 min. Significantly higher total I4C lev- 
els compared to intact I plasma concentrations indicated rapid 
biotransformation in both rats and rabbits to unknown metabo- 

lites. The oral bioavailability appeared to be limited in both 
species relative to intravenous administration. Two patients re- 
ceiving 3 g of I/m2 in tablets orally showed plasma levels of I simi- 
lar to those obtained after oral doses in rats and rabbits, with peak 
concentrations a t  2 hr after the dose (3.8 pg/ml) and with still mea- 
surable levels 12 hr after the dose (0.4 pg/ml). 
Keyphrases 0 (f)-1,2-Bis(3,5-dioxopiperazinyl)propane-deter- 
mination of plasma levels, rats, rabbits, and humans, GLC and 
mass fragmentography Dioxopiperazines-determination of 
(f)-1,2-bis(3,5-dioxopiperazinyl)propane plasma level, rats, rab- 
bits, and humans, GLC and mass fragmentography 0 GLC-de- 
termination, plasma levels of (~+)-1,2-bis(3,5-dioxopiperazinyl)- 
propane, rats, rabbits, and humans 0 Mass fragmentography- 
determination, plasma levels of (f)-1,2-bis (3,5-dioxopiperazinyl) - 
propane, rats, rabbits, and humans 

The dioxopiperazine, (&)-1,2-bis(3,5-dioxopipera- 
ziny1)propanel (I, Scheme I) (l), is under clinical in- 
vestigation as a chemotherapeutic agent against vari- 
ous neoplasms (2, 3). Its interesting pharmacological 
properties include normalization of tumor vascula- 
ture and the prevention of metastases of Lewis lung 
tumor in mice (4-6). The plasma disappearance half- 
life of I, following intravenous injections of 14C-I in 
rats, was found to be about 30 min when measured by 
a bioassay using cultured Chinese hamster cells; total 
14C activity declined less rapidly, indicative of the 
presence of metabolites (7). The bioavailability of 
oral 14C-I doses in humans appeared to be inversely 
related to the amount administered as judged by 14C 
urinary excretion (8). 

This article reports a specific chemical assay using 
GLC with flame-ionization detection and, for low 
concentrations of I, GLC-mass fragmentography. 
These methods were previously applied in other 
pharmacokinetic studies, e.g., plasma levels of fluo- 
rouraci12. 

Rats and rabbits were utilized as experimental ani- 
mals to demonstrate the applicability of the assay 
procedures, since pharmacokinetic' data using the 
bioassay were available in rats (7) and evaluation of 
the effect of combination therapy with adriamycin 
and I on adriamycin cardiac toxicity is being investi- 
gated in rabbits. No intravenous preparation of I is 
yet available for human use due to limited solubility 
of the racemic mixture. The isolated optical isomers 
are considerably more soluble (9) and may provide an 
intravenous preparation in the future. 

1 Designated ICRF-159 by the Chemotherapy Department of the Imperi- 
al Cancer Research Fund. 

C. Finn and W. Sadbe, to be published. 

EXPERIMENTAL 

Instrumentation a n d  Apparatus-The assay was carried out 
on a gas chromatograph3 equipped with a flame-ionization detec- 
tor and a 1.8-m (6-ft) X 2-mm (i.d.) glass column packed with 3% 
polymethyl~iloxane~ on 100-120-mesh silanized diatomaceous 
earth5. Flow rates were approximately 35 ml/min for nitrogen, 30 
ml/min for hydrogen, and 300 ml/min for air. The injector, col- 
umn, and detector were operated a t  210,210, and 250°, respective- 
ly. 

The GLC-mass fragmentography assay was performed on a gas 
chromatograph6 equipped with an identical glass column and in- 
terfaced with a mass spectrometer7 by a separators. Helium, a t  a 
flow rate of 20 ml/min, was used as the carrier gas. The ionizing 
voltage was 70 ev. 

Reagents-Chemicals were of analytical grade with the excep- 
tions notedg. 

An ethereal alcoholic solution of diazomethane was prepared by 
the reaction of potassium hydroxide with N-methyl-N-nitroso-p- 
toluenesulfonamide'O and stored at  -10'. Because of its toxicity 
and explosiveness, all manipulations involving the generation or 
use of diazomethane were carried out in a well-ventilated hood be- 
hind a safety shield. 

GLC-To 0.5 ml of plasma containing 5-50 fig of I were added 
0.5 ml of saturated aqueous ammonium sulfate, 6.0 ml of ether- 
isopropyl alcohol (4:l v/v), and 0.05 ml of a solution of 5 pug of 
methyl arachidate in methanol as an internal standard. Samples 
were mixed on a vortex-action high-speed mixer in stoppered test 
tubes for 4 min and centrifuged. The ethereal phase was pipetted 
into another test tube and evaporated to dryness with a stream of 
nitrogen a t  40'. The residue was transferred to a 3.0-ml vial" with 

:* Varian Aerograph model 1400. 
4 ov-1. 

Gas Chrom Q. 

Varian MAT CH-7. 
fi Varian Aerograph model 2700. 

Biemann-Watson. 
Pure crystalline I (NSC-129943) was obtained from Dr. H. B. Wood, 

Drug Research and Development, Division of Cancer Treatment, National 
Cancer Institute, Bethesda, Md. Compound I1 was supplied by Dr. K. Hell- 
mann, Imperial Cancer Research Fund, London, England. 14C-Ethylene-la- 
beled I was provided by Dr. M. A. Leaffer, Isotope Synthesis Lab, Menlo 
Park, Calif. (Contract NIH-NIC 71-2161). 

lo  Diazald, Aldrich Chemical Co., Milwaukee, Wis. 
l 1  Reactivial, Pierce Chemical Co., Rockford, Ill. 
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3 X 0.5 ml of methanol, and the solution was again evaporated with 
a stream of nitrogen at  65'. 

The residue was dissolved in 0.2 ml of methanol, and about 1.5 
ml of diazomethane solution was added. The sealed vial was kept 
a t  room temperature for 4 hr, and then excess diazomethane was 
evaporated by allowing the opened vial to stand in the hood for 
several minutes. The remaining solution was evaporated to dryness 
with a stream of nitrogen a t  65'. Care should be taken to thor- 
oughly dry the residue a t  this point. The residue was dissolved in 
0.1 ml of methylene chloride, and a 2-3-pl aliquot of this solution 
was injected into the chromatograph. 

At a column temperature of 210', methyl arachidate and the di- 
methylated derivative of I had retention times of 6.5 and 8.0 min, 
respectively. Both chromatographic peaks were sufficiently sepa- 
rated from each other and from interfering peaks in the methylat- 
ed plasma extract to allow the determination of their relative 
heights. A plot of peak height of I/peak height of methyl arachid- 
ate uersus concentration of I was linear over the 5-50-pg/ml range 
of plasma. The column must be reconditioned at  about 260' for 15 
min after each injection to  elute less volatile plasma components. 

GLC-Mass Fragmentography Assay-Extraction and deriva- 
tizing procedures were identical to those in the GLC assay using 
flame ionization. In place of methyl arachidate, 0.1 ml of a solution 
containing 1 pg of I1 in methanol was added as the internal stan- 
dard'*. Aliquots of 2-3 p1 were injected on the column. The frag- 
ment ion at  m/e 155 was used to  monitor both methylated I and I1 
(Scheme I). At a column temperature of 230°, the dimethylated 
derivatives of I and I1 had retention times of 4.0 and 5.0 min, re- 
spectively. A standard curve was again constructed from peak 
height ratios by assaying plasma samples containing known 
amounts of I in the 0.2-2.0-pg/ml range. A plot of peak height of 
I/peak height of I1 uersus concentration of I was linear in this 
range. 

Radioactivity Analysis-Plasma samples (0.1 ml) were count- 
ed for 14C activity in 10 ml of scintillation fluid13 in polyethylene 
vials. The counter14 had a 14C efficiency of 75-85%, and counts 
were corrected by the channels ratio method. The 14C activity was 
expressed as equivalents of 14C-I. 

Animal Procedures-Female Sprague-Dawley rats, 250-300 g, 
were used. Blood samples were collected from a carotid cannula, 
spun in a micr~centrifuge'~, and frozen for subsequent analysis. 

Compound 11 could not be used as the internal standard for the flame- 
ionization GLC assay because it could not be adequately resolved from in- 
terfering plasma components. 

l3 Aquasol, New England Nuclear. 
l 4  Unilux 11, Nuclear Chicago. 
l5 Beckman. 

Table I-Mass Spectra  of N,N'-Dimethylated I a n d  I1 
Obtained by GLC-Mass Fragmentography 

N,"- 
N,N'-Dimethylated I Dimethylated I1 

Relat ive Relat ive 
Abundance, Abundance, 

m / e  % m / e  % 

58 
70 
99 

127 

22 58 22 
37 70 33 
22 99 21 
52 127 44 

141  7 . 6  155 100 
155 100 156 16 
156 28 
296 ( M + )  4 . 4  

- - 
- - 

Compound I was stable in frozen plasma samples over several 
weeks. New Zealand white rabbits, -2 kg, were also used and blood 
specimens were obtained from an ear artery. 

Doses of I were prepared in water, and sufficient 1.0 N HCl was 
added to dissolve all crystals completely. 14C-I was added to obtain 
a specific activity of 100 dpm/pg. All doses were administered oral- 
ly by stomach intubation or intravenously by injection over 1 min 
a t  a level of 120 mg/kg in rats and 50 mg/kg in rabbits. 

Clinical Protocols-Human subjects received oral doses of I (3 
g/m2) in tablets as part of their medical treatment in the Weitern 
Cancer Study Group. Blood samples were obtained by venipunc- 
ture into containers16 containing ethylenediaminetetraacetate and 
centrifuged, and the plasma was frozen for subsequent analysis. 
The use of this container resulted in an interfering peak with the 
same retention time as I, invalidating the flame-ionization GLC 
assay data. Plasticizers and similar compounds may have been 
possible contaminants. No interference by this contaminant was 
noted when utilizing single ion detection a t  m/e 155 in the GLC- 
mass fragmentography assay. 

RESULTS 

Assay Procedures-Chemical analysis of I imposed several an- 
alytical problems due to its polarity, amphoteric character, and 
lack of UV absorbance. The aqueous lipid extraction procedure, 
using saturated ammonium sulfate, yielded about 7096 recovery of 
the drug from plasma samples. Suitable GLC characteristics were 
obtained by derivatization with diazomethane to give the N,N'- 
dimethylated derivative (111, Scheme I). The sensitivity of the 
flame-ionization GLC procedure was limited to 5 r g  of I/ml of 
plasma due to interfering endogenous substances. Thus, single ion 
detection by mass spectrometry was employed to increase both 
specificity and sensitivity, Due to its close chemical similarity, 
Compound I1 was selected as the internal standard to  compensate 
for extraction losses and irreversible adsorption processes during 
analysis a t  low concentrations. 

The dimethylated derivatives of I and I1 are separated by GLC; 
both give rise to one major fragment ion a t  m/e 155 (Table I), 
which can he used to  quantitate I and 11. I t  is difficult to prove 
specificity of the assay for I in the presence of its metabolites since 
their structures remain unknown. The following criteria for assay 
interference by metabolites have to be met: extractability into the 
organic phase, identical GLC retention time, and fragment ion at  
m/e 155 representing a major peak in the mass spectrum. These 
criteria do not apply to possible hydrolytic polar metabolites. 
Therefore, the described assay is specific for I commensurate with 
current standards of plasma drug analysis. 

The detection limit of pure samples of I by monitoring the frag- 
ment ion a t  m/e 155 was in the low picogram range. The detection 
of I in plasma samples after extraction was limited to approxi- 
mately 0.2 pg/ml due to endogenous compounds with a high inter- 
ference probability a t  the relatively low mass setting of m/e 155. 
However, this sensitivity limit was sufficient to measure I in rat, 
rabbit, and human plasma following therapeutic doses. 

Plasma Levels in  Rats-The plasma concentration-time 

l6  Vacutainers. 
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Figure 1 - 1 4 1 2  plasma activity and intact I plasma levels fol- 
lowing a dose of 120 mg of I /kg  in two rats. Key: 0, I4C activity 
following intravenous dose; m, 14C activity following oral dose; 
0, intact I levels following intravenous dose; and 0, intact I 
levels following oral dose. 

curves measured by flame-ionization GLC and total 14C activity 
resulting from an oral and intravenous dose of 120 mg of I/kg in 
two different rats are depicted in Fig. 1. Following intravenous ad- 
ministration, plasma levels of I rapidly disappeared during the ini- 
tial distribution phase between 0 and 20 min and then declined 
with a half-life of about 40 min. A second rat showed a half-life of 
45 min under identical conditions. The volume of distribution was 
obtained by extrapolating the apparent log-linear elimination 
phase to zero time and amounted to 120% of body weight in both 
rats. Total 14C activity decreased less rapidly due to the formation 
of 14C-labeled metabolites. 

Following oral doses, peak plasma levels of 7 pg of I/ml were ob- 
tained after 2-4 hr, as measured by flame-ionization GLC (Fig. 1). 
Plasma levels of I were below the detection limit of this assay in all 
other samples. 

Plasma Levels i n  Rabbits-14C-I was orally and intravenously 
administered a t  a dosage of 50 mg/kg in two different rabbits (Fig. 
2). Total 14C plasma activity was again higher than the concentra- 
tion of intact I, which was followed by GLC-mass fragmentation 
over 6 hr. The intravenous plasma concentration uersus time curve 
of I could adequately be described by a two-compartment open 
model with a rapid a-phase ( a  = 4.15 hr-l) and a slower S-phase (6 
= 0.49 hr-l, T1/2 = 85 min). The zero time intercepts were A = 52 
rg/ml and B = 5.5 fig/ml. 

Peak plasma concentrations of 1.5 pg/ml were obtained about 1 
hr following oral administration and then declined parallel to the 
intravenous I concentration-time curve (Fig. 21, dropping below 
measurable levels 6 hr after administration. Total 14C plasma ac- 
tivity remained as high as 0.6 and 0.5 pg/ml 24 hr after oral and in- 
travenous administration, respectively, in these two rabbits. 

Plasma Levels in  Humans-The plasma concentration-time 
curve of I resulting from an oral dose of 3 g/m2 (4.5 g) was mea- 
sured by GLC-mass fragmentation (Fig. 3). Peak plasma levels of 
3.8 pg of I/ml were obtained 2 hr following administration. Similar 
plasma concentrations were achieved in another patient under 
identical conditions. Twelve hours following administration of I, 
the plasma concentration in this patient had declined to 0.4 pglml 
and was below the detection limit (0.1 pg/ml) 24 hr after adminis- 
tration. 

DISCUSSION 

The specific assay for the determination of I in plasma samples 
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Figure 2-14C plasma activity and intact I plasma levels fol- 
lowing a dose of 50 mg of I /kg  in two rabbits. Key: @, “C 
activity following intravenous dose; ., 14C activity following 
oral dose; 0, intact I levels following intravenous dose; and 0, 
intact I levels following oral dose. 

was developed to evaluate the pharmacokinetics of this antineo- 
plastic agent. The preliminary results are reported here. 

R a t  Studies-The plasma half-life of I measured by bioassay 
was about 30 min following an intravenous dose of 120 mg of I/kg 
(7). A plasma half-life of 40-45 min was found by the flame-ioniza- 
tion GLC assay under equivalent experimental conditions. There- 
fore, it is likely that no significant amounts of pharmacologically 
active metabolites were formed if one assumes that the bioassay is 
correlated with antineoplastic activity. Studies on the structure- 
activity relationships indeed demonstrate that  pharmacological ac- 
tivity is very structure specific, and slight modifications of the 
chemical moiety of I usually abolish its antineoplastic activity (1, 
10). However, it is difficult to assess pharmacological properties of 
I such as normalization of tumor vasculature, and formation of 
pharmacologically active metabolites cannot be ruled out. 

The plasma half-life of 40-45 rnin for I may not represent the 
terminal log-linear elimination phase, since plasma levels were 
only followed over 2 hr by flame-ionization GLC. 

Rabbit  Studies-Plasma concentrations of I were measured by 
GLC-mass fragmentography over several half-lives. A log-linear 
&phase for the elimination of I from plasma with a half-life of 85 
min was reached 2 hr following intravenous administration. Initial 
plasma concentrations of I after intravenous injection were compa- 
rable to those obtained in rats when correcting for the lower dose 
in rabbits. 

Plasma concentrations following oral doses were significantly 
lower than following intravenous doses in both species, indicating 
a limited oral bioavailability of I. 

Human Studies-Only two patients were evaluated, each giving 
plasma concentration-time curves for I similar in order of magni- 
tude to  those obtained after oral doses in rats and rabbits. There- 
fore, i t  appears that  both animal species may be useful as models 
for human pharmacological studies of I. 

I t  cannot be determined a t  this point whether the limited bio- 
availability of I from oral preparations is due to low solubility or to 
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Figure &Plasma concentrations of I in human subject fol- 
lowing an oral dose of 3 g of I / m 2  in tablets. 

slow absorption through the GI mucosa. When given orally, I was 
slowly absorbed in all experiments, although an aqueous solution 
was used in rats and rabbits. The bioavailability of I is being stud- 
ied. 
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Synthesis of 
2- ( N -  Arylcarboxamide) -3-substituted Ethoxyindoles and 
Their Monoamine Oxidase Inhibitory and 
Anticonvulsant Activities 

A. K. GUPTA*, C. DWIVEDIt, T. K. GUPTA*, 
SURENDRA S. PARMAR *x, and RAYMOND D. HARBISON * 

Abstract 2-(N-Arylcarboxamide)-3-substituted ethoxyindoles 
were synthesized by the reaction of 2-(N-arylcarboxamide)-3- 
hydroxyindoles, which were obtained by the cyclization of 2-carbo- 
methoxyphenylglycine-substituted anilides. These 2-(N-arylcar- 
boxamide)-3-substituted ethoxyindoles were evaluated for their in 
uitro monoamine oxidase inhibitory ability and in uiuo monoamine 
oxidase inhibitory property as evidenced by reserpine reversal re- 
sponse. Their anticonvulsant activity also was determined against 
pentylenetetrazol-induced seizures. No definite correlation could 

be observed between chemical structure and biological activity. 

Keyphrases 2-(N-Arylcarboxamide)-3-substituted ethoxyin- 
doles-synthesis, monoamine oxidase inhibitory and anticonvul- 
sant activities Monoamine oxidase inhibitory activity-synthe- 
sis and screening of 2-(N-arylcarboxamide)-3-substituted ethoxy- 
indoles, rat brain homogenate Anticonvulsant activity-synthe- 
sis and screening of 2-W- arylcarboxamide)-3-substituted ethoxy- 
indoles, mice 

Identification of serotonin in the brain as a possi- buty1)indole for the treatment of some types of de- 
ble central neurohumoral agent (1) and the wide- pression (3) and the ability of indole derivatives to 
spread occurrence of the indole nucleus among both inhibit rat brain and rat liver monoamine oxidase (4, 
naturally occurring and synthetic psychoactive com- 5) and to protect against pentylenetetrazol-induced 
pounds (2) stimulated an investigation of indole ana- seizures (6 ,  7) prompted the synthesis of some 2-(N- 
logs with potent central nervous system (CNS) ac- arylcarboxarnide)-3-~ubstituted ethoxyindoles and 
tivity. In addition, clinical efficacy of 3-(2-amino- their evaluation for CNS effects. 
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