
possessing a higher ratio, i.e., thiopental and thiamylal, become con- 
centrated to a higher degree in the body lipids than do barbital or 
metharbital and might be expected to be ultrashort acting. 

In considering these solubility data in total, an approximate cor- 
relation has been observed between the lipophilic nature of the 
various barbiturate analogs and their therapeutic action. One must 
view this study with proper perspective in relation to the numerous 
other physical and chemical properties as well as the various bio- 
pharmaceutical parameters which all contribute to the variation 
in the final therapeutic activity possessed by the members of this 
series. The net result of the complex interaction of these and other 
factors determines the type and degree of the pharmacological 
activity involved. 

The underlying concept of the pH-partition hypothesis as an 
approximate model would seem to be confirmed. However, such 
phenomena as binding, detoxification, active or passive diffusion, 
and complexation would play important roles in biologicaI read- 
outs which were not patternized or aberrant in behavior. 

It is anticipated that severat studies on the barbiturates and sub 
fonamides relative to solubility and partitioning will be undertaken in 
these laboratories and will be the subject of future communications. 
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Metabolism and Excretion of Chromonar 
and Its Metabolite in Dog and Man 

YVONNE C. MARTIN and RONALD G. WIEGAND 

Abstract 0 A simple method for the detection of chromonar and 
its acid metabolite by fluorescence techniques is described. Follow- 
ing oral or intravenous administration, chromonar is rapidly 
hydrolyzed to its metabolite, the corresponding acid. No further 
metabolism is observed. The metabolite distributes according to a 
single-compartment model. The plasma half-life is 1 hr. in man and 
dog. Excretion of the metabolite into the bile accounts for approxi- 
mately 25z of the dose, and excretion into the urine accounts for 
the remainder. 

Keyphrases 0 Chromonar-metabolism, excretion 0 Metabolite, 
chromonar-in uitro, in uiuo determination Blood levels, chro- 
monar and acid metabolite-human, dog 0 Excretion-chromonar 
acid metabolite 0 TLC-separation, identification 0 Fluorometry 
-analysis 

~ ~~ 

The coumarin compound chromonar is used for the 
treatment of angina pectoris in Germany and Japan. 
The early report by Klarwein and Nitz (1) demonstrated 
that when the drug comes in contact with biological 
tissues, it is rapidly hydrolyzed to the corresponding 
acid (Scheme I), which exists as a zwitterion at the pH 

1 3-(~-Diethylamino-ethyl)-4-methyl-7-carbethoxy-methoxy-2-oxo-(l,- 
2-chromene). Also known as Cassella 4489, Abbott-27053, and Inten- 
sain hydrochloride. Chromonar is marketed by the Cassella Co. of 
Germany. 

of the blood and urine. The present authors, therefore 
expected that the tissue distribution and further me- 
tabolism of the compound would be minimal and that 
the study of plasma and urine concentrations of the 
acid metabolite at various times after dosage would 
provide the information necessary to assess the way 
that chromonar is handled by the body. 

II chromonar 0 
3. 
CH, 

0 
acid metabolite 

Scheme I-Metabolism of Chromoriar 
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Table I-Kinetic Parameters (&SO) of the Appearance and Disappearance of the Acid Metabolite Following 
Intravenous Administration of Chromonar to Dogs" 

Approximate Conversion Constant, Metabolite Metabolite Apparent 
Dose, Half-Life, hr., Chromonar to the Acid Disappearance Metabolite Relative Volume of 

Dog mg./kg. Chromonar Metabolite, hr,? Constant, hr.-1 Half-Life, hr. Distribution, Vd', l./kg. 
~~ 

1 2 0.04 18.62r 3.6 
5 0.02 85.3 f 13.1 
9 0.01 167 2r 44 

2 2 0.04 23.2f 3.8 
5 0.04 20.6f 3.7 
10 0.04 25.72~ 5.1 

3 b  10 0.02 7.1 f 1.5 
4b 10 0.02 6.5 f 1.0 
5 5 
6 5 

Mean 0.03 

1.11 f 0.02 0.62 0.356 f 0.022 
0.76 f 0.10 0.92 0.482 f 0.018 
0.94 f: 0.20 0.74 0.541 f 0.036 
0.89 f 0.12 0.78 0.500 f 0.033 
0.85 =!= 0.14 0.81 0.429 f 0.029 
0.36 f 0.11 1.94 0.563 f 0.034 
1.09 f 0.21 0.64 0.408 f 0.050 
0.95 2r 0.13 0.73 0.458 f 0.039 
0.87 0.80 
0.91 0.76 
0.87 0.87 0.467 

a Calculated from the plasma levels of the metabolite and whole blood levels of chromonar. b These dogs received 10 mg./kg. chromonar intra- 
venously 6 days/week for 25 months prior to this study. 

Table II-Kinetic Parameters (fSD)4 of Disappearance of the Metabolite from Plasma Following Oral Administration of 
Chromonar to Dogs 
~~~~ ~ 

Metabolite 
Metabolite Apparent 

Disappearance Metabolite Relative Volume 
Dose, Lag, Constant, Half-Life, of Distribution, 

Dog mg./kg. hr . hr.-1 hr. l./kg. 

7 50 0 25 0.71 + 0.04 0.97 5.78 f- 0.19 
8 150 0.25 0.48 f 0.05 1.44 7.35 f 0.07 
9 150 0.25 0.65 + 0.04 1.06 2.80 f 0.11 

Mean 0 616 1.16 5.31  

Estimated by the method of Wiegand and Sanders (2), the variance was minimized by manipulation of the time lag. 

Since both compounds are highly fluorescent, it was 
possible to modify the original assay method of Klar- 
wein and Nitz (1) to make it more sensitive. To de- 
termine the amount of chromonar in a sample, it was 
extracted immediately after collection into ether from 
basic solution; then it was reextracted into acid, and the 
fluorescence of the acid phase was determined. The 
amount of the acid metabolite in a sample was de- 
termined by the fluorescence of the supernatant solu- 
tion after trichloroacetic acid precipitation. 

EXPERIMENTAL 

Reagents-Chromonar and the acid metabolite' were used. 
The standards used in the analytical procedures were homogeneous 
on TLC in Solvent Systems I and 11. The chromonar hydrochloride, 
which was administered to animals and to human subjects, con- 
tained 0.6 of 3-(fi-diethylamino-ethyl)-4-methyl-7- hydroxy-2-0~0- 
(1,2-chromene), which is the immediate chemical precursor of 
chromonar. The fluorescence spectrum of this compound did not 
interfere with the determination of chromonar or the acid metabo- 
lite. 

Diethyl-p-nitrophenyl monothiophosphatea was the commercial 
product. All other reagents were commercial products of reagent 
grade. 

Fluorescence Analysis of Chromonar-Within 5 sec. after with- 
drawal from the subject, the blood sample (usually 1 ml.) was 
shaken vigorously by hand for 1 min. in a 50-ml. ground-glass- 
stoppered centrifuge tube with 1 ml. 1 M tris chloride buffer, pH 
8.6, and 25 ml. diethyl ether. These ether extracts are stable for 
several hours. When a convenient number of samples had been ex- 
tracted, within 1-3 hr. of the original extraction, the tubes were 
centrifuged at low speed and 20 ml. of the ether phase was trans- 

2 Parathion, K&K Laboratories, Inc., Plainview, N. Y. 

ferred to a second tube which contained 3 ml. 0.1 N HCI. The 
samples were then mechanically shaken for 10 min. and centrifuged. 
The ether layer was discarded, and the fluorescent intensity of the 
aqueous layer was determined in an Aminco-Bowman spectrophoto- 
fluorometer. The excitation wavelength was 334 mp and the emis- 
sion wavelength was 400 mp. A tissue blank, standard chromonar 
solution, and tissue blank plus standard were analyzed with each 
set of samples. 

Fluorescence Analysis of Chromonar plus Its Acid Metabolite- 
When the total of chromonar plus the acid metabolite is to be 
analyzed, there is no need for the pH 8.6 extraction. Consequently, 
the sample is treated with trichloroacetic acid to precipitate pro- 
teins, and the fluorescence is read on the supernatant solution. 

Plasma or urine samples were used as such or diluted with isotonic 
saline. Feces were homogenized with five volumes of isotonic saline 
and then further diluted with saline if necessary. Samples could be 
stored at -15" for several weeks with no apparent degradation of 
the acid metabolite. 

trichloroacetic acid was added with 
vigorous shaking to 0.1 ml. of the sample. The fluorescence of the 
clear supernatant layer was determined after the samples were 
centrifuged. A tissue blank, standard, and tissue blank plus standard 
were included with each set of samples. 

TLC of Urine, Bile, and Fecal Samples-The methods and 
solvent systems were similar to those used by Klarwein and Nitz 
(1). Following sample applications the TLC plates (Analtech silica 
gel G, 200 p thick) were fist developed with water, then dried for 
1 hr. at loo", and then redeveloped with one of the following 
systems: I, ethanokhloroform-water in a 10:2: 1 volume ratio; 
11, ethylacetate-isopropyl alcohol-ammonium hydroxide in a 
9 :7 :4 volume ratio; or 111, chloroform-isopropyl alcohol-acetic 
acid-water in a 4 : 2 : 1 : 1 volume ratio. The location of fluorescent 
spots was detected under long wavelength UV light by comparison 
with authentic compounds; chromonar and the acid metabolite 
emit a characteristic yellow-green color. 

To quantitate the acid metabolite after chromatography of a 
known volume of sample, the spots with the same Rf as the standard 
were scraped off and extracted with several portions of 95% 
ethanol. The samples were diluted with water, and the metabolite 

For the analysis, 2 ml. of 5 
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content was then determined in 5 z trichloroacetic acid solution as 
previously described. 

I n  Vitro Conversion of Chromonar to Its Metabolite by Human 
Plasma-Freshly collected human plasma from three subjects was 
incubated with chromonar. At 1,2,  3, 4, and 5 min., samples were 
removed and analyzed for the concentration of unchanged drug. 

Dog Blood Level Studies-The plasma concentration of chro- 
monar and its acid metabolite was determined after intravenous 
administration of chromonar in isotonic saline to six dogs. Dogs 1 
and 2 w e ~ e  10-kg. female mongrels which had been anesthetized 
by 3 mg./kg. S.C. morphine followed in 15 min. by 250 mg./kg. 
sodium barbital. Three doses were given to each animal, with 
intervals of 2 hr. Blood samples were taken from the jugular vein. 
Dogs 3 (female, 9.5 kg.) and 4 (male, 9.6 kg.) were on a chronic 
toxicity study for 25 months at the same dose. They were not 
anesthetized. Blood samples from these dogs were taken from the 
femoral vein. Female mongrels, Dogs 5 (5.5 kg.) and 6 (14 kg.), were 
anesthetized as described. The ureters and common bile ducts were 
cannulated, and the total urinary and biliary output was collected 
for 4 hr. 

The plasma concentration of the acid metabolite was also de- 
termined after oral administration of chromonar in a capsule. 
Dog 7 was a 14.5-kg. male. Dogs 8 (female, 7.1 kg.) and 9 (male, 
13.8 kg.) had been on a chronic toxicity study for 25 months at the 
same dose. None of these dogs was anesthetized. Blood samples 
from these dogs were taken from the femoral or jugular vein. 

Human Blood Level Studies-In a multiple-dose study, 12 normal 
volunteers were divided into two groups of six. The first group, 
Subjects 1-6, took 150 mg. of chromonar orally on Day 1 and, for 
the following 6 days (2-7 inclusively), 150 mg. orally, t.i.d. On the 
8th day of the experiment, they were given a final oral dose of 150 
mg. In addition, Subjects 1 and 2 received an intraduodenal dose 
of 150 mg. prior to Day 1. The second group was given 40 mg. of 
chromonar intravenously on Day 1; for the subsequent 6 days, 
they received 150 mg. of the drug orally, t.i.d. On the 8th day, they 
were given a second 40 mg. of chromonar intravenously. Plasma 
samples were collected from blood taken from the femoral vein on 
Days 1 and 8 at appropriate times. Urine samples were collected 
prior to and &4, 4-8, and 8-24 hr. following drug administration. 

Six additional normal adult subjects were given three 150-mg. 
oral doses of chromonar tablets with 6 hr. between doses. Plasma 
was obtained from blood drawn at 0, I, 2, 4, 6, 8, 10, 12, 14, and 
24 hr. 

Excretion of the Acid Metabolite by Humans-To quantitate the 
amount of acid metabolite recovered in urine and feces, four sub- 
jects (19-22) were given a single 150-mg. tablet of chromonar. 
Urine and feces were collected for 4 days after drug administration. 

Calculation of Kinetic Constants from Blood Level Studies-For 
the calculation of the disappearance constant and the apparent 
relative volume of distribution of the metabolite, the computer pro- 
gram of Wiegand and Sanders (2) was used. The curve of the plasma 
levels of the metabolite, which was determined following the oral 
administration of chromonar to dogs, often indicated an apparent 
delay in absorption of 10-15 min. In these cases the kinetic con- 
stants were recalculated using several time lags. The lag which 
resulted in the best fit (lowest sum of squares of deviations of ex- 
perimental points from the calculated curve) was chosen, and these 
values are reported in the tables. For the case of blood levels of the 
metabolite following oral administration of chromonar to humans, 
data were not sufficient for use of this program. In the case of intra- 
venous administration of chromonar to dogs, the first-order constant 
that describes the increase in plasma concentration of the metabolite 
relates to the conversion of chromonar to its metabolite rather than 
to absorption of drug, as in the original formulation of the program 

For intravenous administration of chromonar to humans, plasma 
samples were not taken until 0.5 hr. after the dosing. Thus, the con- 
version to the acid metabolite was complete. Since the disappear- 
ance curve suggested a single-compartment model, the plasma half- 
life of the metabolite was calculated for these subjects, assuming an 
exponential decline of plasma levels with time. The slope of the 
least-squares line of the logarithm of concentration against time 
gives the first-order disappearance constant, kd. The plasma half- 
life, t1I2, is related to kd by the expression ti/* = In 2/kd. The inter- 
cept of this plot is co, the theoretical initial plasma concentration. 
However, this theoretical initial concentratian is also equal to the 

(3). 

Table 111-Recovery of the Acid Metabolite 4 hr. after the 
Intravenous Administration of 5 mg./kg. Chromonar to Dogs 

Dose, Z Dog 5 Dog 6 

Urine 53.2 75.3 
Bile 27.4 16.6 
Total recovery, 80.6 91.9 

dose of the drug, a,, divided by the apparent relative volume of dis- 
tribution of the drug Vd'. Thus, v d '  was evaluated as v d '  = uo/co. 

Calculation of Area under the Blood Level Curves-Areas under 
the acid metabolite plasma level curves for the subjects who had 
received chromonar orally were calculated by the addition of the 
area of each triangular or trapezoidal segment of the actual curve. 
The areas on Day 8 were corrected for the area due to the initial 
plasma concentration of the metabolite. 

Areas under the metabolite blood level curve following intra- 
venous administration were calculated from the extrapolated 
theoretical initial plasma concentration of the metabolite. The re- 
lationship is: area = co/kd. 

RESULTS 

Analytical Methods-Klarwein and Nitz (1) reported that di- 
ethyl-p-nitrophenyl monothiophosphate could be used to prevent 
the hydrolysis of chromonar. However, in preliminary investiga- 
tions, it was observed that when diethyl-p-nitrophenyl monothio- 
phosphate was used, a slight excess of this inhibitor (twice the con- 
centration necessary for inhibition of the serum esterase) quenched 
the fluorescence of the chromonar in the final solution. Thus, 
diethyl-p-nitrophenyl monothiophosphate was not used in the 
present method; instead, all samples analyzed for the concentration 
of chromonar were extracted immediately (within 5 sec.) from the 
basic solution with ether. With this procedure, 95-100% of the 
standard chromonar which had been added to a blood or tissue 
homogenate sample was recovered. A typical blank blood sample 
corresponded to 0.02 mcg. chromonar/ml. 

In the assay method for the total of chromonar and its acid 
metabolite, the simple trichloroacetic acid precipitation to remove 
most of the interfering substances from plasma, urine, bile, and 
feces was practical because of the intense fluorescence of the drugs. 
A relatively selective and sensitive spectrophotofluorometer is also 
necessary. In this procedure, a typical plasma blank in the de- 
termination of either chromonar or 11s acid metabolite corresponded 
to 0.01 mcg./ml. 

For both methods the range of concentrations over which the 
fluorescence is linear with respect to concentration was 0.04-10.0- 
mcg./ml. sample. Above this range the fluorescence decreased with 
concentration. Since the concentration of drug in certain urine and 
bile samples exceeded 10 mcg./ml., appropriate dilutions were 
necessary. 

The intensity of fluorescence of chromonar and its metabolite de- 
pends on the pH of the sample (1). It was, therefore, essential that 
the samples, standards, and blanks were prepared in the same way. 
If a sample exhibited too high a fluorescence, it was not further 
diluted with water but rather with the same concentration of acid 
that had been used in the original determination. 
In Vitro Conversion of Chromonar to Its Metabolite by Human 

Plasma-The half-life (&SO) was calculated to be 2.68 f 0.96 
min. ; thus, chromonar is extremely short-lived in human plasma. 

Blood Levels in Dogs-Calculations derived from the plasma 
concentration of chromonar and its metabolite at various times 
after an intravenous dose of chromonar are summarized in Table 
I. The half-life of chromonar is very short in the dog; essentially 
none remained in the blood after 10 min. (0.17 hr.). The plasma 
half-life of the metabolite averaged 0.87 hr. This relatively short 
half-life represents either efficient excretion or rapid metabolism 
of the metabolite. The decline in plasma levels of the metabolite 
parallels the decline of coronary vasodilation.3 The half-life of the 
metabolite was not significantly shorter in Dogs 3 and 4, which had 
been on a chronic study for 25 months prior to this study. 

ST. D. Darby and Y. C. Martin, unpublished observations. 
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Table IV-Calculations from Plasma Levels of the Metabolite in Six Subjects Given 40 mg. Chromonar Intravenously 

Metab- 
olite 

Apparent 
Relative 
Volume 

Disappearance Metabolite Intercept Distribu- Metabolite Of 

Dose, Constant, hr.,-l Half-Life, C,, Area, hr. tion, 
Subject Sex mg./kg. Day +SD P“ hr. mcg./ml. mcg./ml. l./kg. 

7 

8 

9 

10 

1 1  

12 

Mean 
Mean 
Mean 

M 0.48 1 
8 

F 0.70 1 
8 

M 0.52 1 
8 

M 0.52 1 
8 

1 
8 

1 and8 

0.670 f 0.071 
0.735 f 0.052 
0.858 f 0.102 
0.716 f 0.043 
0.903 I 0.106 
0.804 f 0.019 
0.843 f 0.026 
0.856 f 0.038 
0.855 f 0.033 

0.957 f 0.053 
0.882 f 0.088 
0.861 f 0.063 
0.830 f 0.043 

0.9a5 I 0.032 

0.50 1.03 1.20 
0.94 1.36 

0.26 0.81 0.89 
0.96 1.33 

0.63 0.76 1.51 
0.86 1.20 

0.79 0.82 1.46 
0.81 1.33 

0.31 0.81 1.75 
0.77 1.92 

0.50 0.72 1.53 
0.79 1.81 

0.68 0.80 1.39 
0.84 1.49 
0.82 1.44 

1.79 0.40 
1.85 0.35 
1.04 0.79 
1.86 0.53 
1.67 0.34 
1.49 0.43 
1.73 0.36 
1.55 0.39 
2.05 0.44 
2.12 0.40 
1.60 0.43 
2.05 0.36 
1.65 0.46 
1.82 0.41 
1.74 0.44 

~~~~ ~~ 

Probability value, which should be less than 0.05 if slopes are significantly different on Days 1 and 8 in same subject. 

With oral administration of chromonae, a 0.25-hr. time lag in 
absorption was observed (Table 11); this Is approximately the dis- 
integration time of the gelatin capsules used to administer the drug. 
The mean half-life of the metabolite in blood was 1.16 hr.; this is 
somewhat longer than that determined after intravenous adminis- 
tration. 

In the case of ma1 dosage, the V d ’  term as calculated also includes 
the fraction of the drug that is not absorbed. The ratio of the intra- 
venous to oral volumes of distribution, 0.088, hdicates that in the 
dog 8.8 
Excretion of the Metabolite by Dogs-Within 4 hr. after a single 

intravenous dose of 5 mg./kg. of chromonar, an average of 86% 
of the dose was recovered in the urine and bile as the metabolite 
(Table IIL). The identity of the fluorescent material was confirmed 
by quantitative TLC. At least 90% of the fluorescence was co- 
chromatographic with the authentic sample of the acid metabolite. 
Since the plasma half-life of the metabolite is the same in these 
dogs (Dogs 5 and 6) as in the others studied, one may conclude that 
the major route of disappearance of the metabolite from blood is 
excretion into the urine and bile. There is no evidence for further 
metabolism or tissue accumulation of the drug. In these cases the 
bile was collected as it was excreted. Since the plasma half-life of the 
acid metabolite was not shortened by this procedure, enterohepatic 
circulation apparently does not occur. 

Human Blood Level Studies-The mean half-life of the acid 
metabolite following the intravenous administration of chromonar 
was 0.80 hr. (Table IV). There were no apparent differences between 
males and females. When these six subjects (7-12) were given 150 
mg. chromonar, t.i.d., orally for 6 days and the intravenous study 
was repeated, the half-life was not significantly altered. There was 
also no significant change in the intercept, the area under the plasma 

of an oral dose of chromnar is absorbed. 

n @ D A Y  1 

Figure 1-Plasma levels 01 
the acid metabolite after 
single 40-mg. i. u. doses of 
chromonar to Subiect 11 

< 0.5 M [ “a 
o.2 t 

(Table IV) .  On Dd;s 2-7, 
150 mg. chromonar t.i.d. 

0 1 2 3 
HOURS 

curve, or the apparent relative volume of distribution. Thus, as in 
the case of the dog, there is apparently no metabolic adaptation to 
chromonar after continued administration. 

The actual values for the plasma concentration of the metabolite 
following intravenous administration of chromollar to Subject 11 
are plotted in Fig. I. This is graphic illustration of the lack of 
metabolic adaptation by repeated doses of chromonar. The plot of 
the logarithm of concentration against time is linear, which con- 
firms the appropriateness of using the single-compartment model 
for distribution of the metabolite. 

The standard deviation of the values calculated for the first- 
order disappearance constants of the plasma levels in each subject 
is usually approximately 10% of the value of the constant. This 
also indicates that the data are fit very wen by a singk-term equa- 
tion or a single-compartment model. There was no indication of a 
deviation from simple first-order disappearance in any of the data. 

The six subjects (1-6) who were given oral doses of chromonar 
separated by 6 days of 150-mg. t.i.d. dosage showed no consistent 
change in the area under the metabolite plasma curve (Table V). 
The area under the curve is a measure of availability of drug by the 
oral route. The two subjects (1 and 2) who received an intraduodenal 
dose showed essentially the same area under the plasma curve after 
this dose as after oral drug, indicating that chromonar may be 
absorbed from the intestine. 

Table V-Calculated Areas under the Metabolite Plasma Level 
Curves in Six Subjects Given 150 mg. Chromonar OralIy 

Area, 
hr. 

Subject Sex mg./kg. Day ml. 
Dose, mcg./ 

1 M 2.23 qduodenal) 

2 M 2.13 O(duodena1) 

1 
8 

1 
8 

3 M 2.06 1 
8 

4 F 3.00 1 
8 

5 F 1.99 1 
8 

6 F 2.28 1 
8 

Mean (n = 6) 1 
8 

1.48 
2.33 
1.58 
1.01 
1.33 
1.73 
2.52 
1.10 
2.46 
1.52 
1.50 
1.63 
2.44 
2.11 
2.10 
1.61 



Table VI-Human Urine Recoveries of the Metabolite Following Administration of Chromonar 

-mg. Acid Metabolite Recovered in Urine 
Day 1 7 ,  Day 8 

Subject 0-4 hr. 4-8 hr. 8-24hr. z 0-4 hr. 4-8 hr. 8-24 hr. z 
1 duod. 

oral 
2 duod. 

oral 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

18.0 
33.8 
25.4 
25.4 
9 .4  

21.2 
27.4 
47.9 

27.0 
19.5 
11.8 
19.0 
14.8 
24.5 

1.3 1.5 
5.0 0 .2  

9.4 0.2 
8 .9  0.0 

Mean 

2.9 0. 3c 
6.2 1.7" 
2 .2  4. lC 
1.5f 0 .2  
0 .5  0.3 
6.4 1.9 

Mean 
(n=5) 

Oral 
20.5 
26.0 
19.0 
21.6 
9 .4  

22.5 
25.7 
37.9 
23.8 

Intravenous 
78.0 
68.5 
45.3 
54.3 
39.0h 
82.0 

65.6 

18.6 

43.30 
31.8 
25.2 

36.0 
2.07 

18.6d 
33.0 
22.2 
24.30 
18. 3c 
33.9 

9.7 

3.6b 
3.2 

11.5 
8.97 
4.7 

2.5" 
2 .6  
1 .5  
1 .o 
1 . 3  
2.9 

0.5 

0.6 
1 . 4  
1 .6  
0.14 
0.0 

Mean 

0.9 
0 . 8 c  

1.6 
0 
2.7 

Mean 
(n=6) 

19.2 

31.7 
24.3 
32.2 

27.2 
7.87 

23.8 

55.0 
91 . O  
59.3 
67.3 
49.0 
98.8 

70.1 

a 0-6 hr. b p-13 hr. c Might be overlap with next dose or previous. d 0-2 hr. e 2-6 hr. f 4-10.5 hr. o 0-5 hr. h Refrigerated, but not frozen, for 4 days: 
not included in mean. 

Table VII-Recovery of the Metabolite in Urine and Feces Following an Oral Dose of 150 mg. Chromonar 

7 Subject 
Recovery of the Metabolite, hr. 19 20 21 22 

0-24 hr. 
24-48 hr. 
48-72 hr. 
72-96 hr. 

Total 

0-24 hr. 
24-48 hr. 
48-72 hr. 
72-96 hr. 

Total 
Total g. samples 
Total mg. excreted z of dose recovered 

as the metaboliteb 

25.3 
5.4 
1 . 2  
0.0 

32.8 

0 . 5  
44.0 
24.9 
12.9 
82.3 

327 
115.5 

83 

Urine, mg. Recovered 
0.2 43.4 

40.9 
0.2 
0 .2  

41.5 

1 . 2  
0.0 
0 .2  

44.8 
Feces, mg. Recovered 

0.0 23.6 
39.6 21 .o 
31.4 25.4 
10.5 2.1 
81.5 

253 
123.0 

89 

72.1 
276 
116.9 

84 

58.2 
0.0 
0.0 
0.2 

58.2 

0.0" 
7.6a 
7.65 
3.2" 

18.4 
94 
76.6 

55 

Low weights of fecal samples in this subject (see text). b Corrected for difference in molecular weights and purity of administered drug. 

The actual serum levels of the metabolite following oral ad- 
ministration of chromonar to Subject 2 are plotted in Fig. 2. Note 
that the rate of decline of serum levels of the metabolite is ap- 
proximately the same as that of Subject 11 to whom the dose was 
administered intravenously. The variation in the amount of chro- 
monar absorbed by the same subject on different days is often seen. 

A comparison of the areas under the plasma curves after intra- 
venous and oral dosage allows estimation of the fraction of the 
dose absorbed orally. Correction for the dose by each route must 
be made. Calculated on this basis from the data in Tables IV and V, 
32% of the drug was absorbed on the 1st day of oral administra- 
tion; on the 8th day, 2 5 z  was absorbed. Thus, the overall average 
absorption was 28 %. 

After a 6-day ( t id . )  regimen of chromonar orally, the mean 
plasma concentration of the metabolite was 0.06 mcg./ml. 10 hr. 
following the last dose. (This compares with a mean of 0.9 mcg./ml. 
at the peak following an oral dose.) Thus, there was no appreciable 
accumulation of the metabolite. 

The plasma concentrations of the metabolite when the drug was 
given at 6-hr. intervals (Subjects 13-18) are summarized in Fig. 3. 
The pattern of absorption does not appear to vary from one dose to 
another. There was also no accumulation during the day, and by 24 
hr. the plasma levels of the metabolite were essentially zero. The 
plot of the mean plasma concentration against time was fit very 

well by a calculated curve in which first-order absorption and 
elimination were assumed. A value of 1.60 hr.-l was used for the 

1 0 DAY 0 
A DAY 1 
I3 DAY a 

0.5 
- 
E > z 

0.2 

0.1 
0.08 

0 1 2 3 4 
HOURS 

Figure 2-Plasma levels of the acid metabolite afer  single duodenal 
(Day 0) or oral (Days 1 and 8) dosesof 150 mg. chromonar to Subject 
I (Tab!e Y) .  On Days 2-7,150mg. chromonar t.i.d. wasgiven orally. 
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0 2 4 6 8 10 12 14 16 18 20 22 24 
HOURS 

Figure 3-Plasma fevels of rhe acid metabolite. Three 150-mg. 
tablets were given with 6 hr. between doses. 

absorption constant, 0.820 hr.-l for the disappearance constant, 
1.53 l./kg. for the apparent volume of distribution, and 2.28 mg./kg. 
for the dose. 

From the intravenous studies the apparent volume of distribu- 
tion of the acid metabolite in man was 0.44 l./kg. (Table IV). 

Human Excretion Studies-The urinary excretion data from Sub- 
jects 1-12 are summarized in Table VI. Excretion of the metabolite 
occurred primarily in the first 4 hr. after administration. In the 
second 4-hr. period, relatively less drug was excreted after intra- 
venous dosage than after oral dosage, which is consistent with the 
plasma curves and with the expected delay after oral administra- 
tion due to the absorption phase. When the drug was administered 
intravenously, an average of 68% of the dose of chromonar was 
excreted into the urine as the metabolite, with the remainder 
probably excreted into the bile. From the urinary excretion data 
for these subjects, it is also possible to calculate the percent of an 
oral dose which was absorbed. Calculated from the average percent 
of the doses excreted in the urine, absorption was 36% on the 1st 
day and 34% on the 8th day, for an overall average of 35%. This 
agrees very well with the figure of 28% absorption determined from 
the plasma levels of the same subjects. 

Following a single oral dose of chromonar, an average of 77% 
of the dose is recovered as the acid metabolite in urine plus feces 
(Table VII). The fecal weights from Subject 22 were very low; ex- 
cluding this subject, the recoveries averaged 85 %. The identity 
of the fluorescent material in the samples was confirmed by TLC 
in Solvent Systems I1 and 111. 

Bishydroxycournarin, ethyl biscoumacetate, and warfarin are 
well-known drugs which also contain the coumarin ring system. 

All three of these drugs are completely metabolized, although the 
coumarin portion of the molecules is usually not degraded (4-6). 
The apparent multicompartment distribution reported for bishy- 
droxycoumarin (7) is not seen with the acid metabolite of chromonar. 

SUMMARY 

Following the oral or intravenous administration of chromonar, 
the drug is rapidly hydrolyzed to the corresponding acid. It is 
largely in this form that the drug circulates in the blood and is ex- 
creted into the bile and urine. In dogs as well as humans, the plasma 
half-life of the acid metabolite is approximately 1 hr. The decline 
in plasma levels conform to a single-compartment model. Excre- 
tion, not further metabolism, accounts for the decline in blood 
levels of this metabolite. Biliary excretion is an important factor; 
in the dog an average of 22 of an intravenous dose was recovered 
in the bile and 64% in the urine. There is no evidence of accumula- 
tion of the metabolite when chromonar is administered on a chronic 
basis. 
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