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Abstract  0 The pharmacokinetics of 1,2-0-isopropylidene-3-0-3’- 
(A’’,”-dimethylamino-n-propy1)-D-glucofuranose hydrochloride (I) was 
studied in dogs at  intravenous and oral doses of 1-50 mg/kg. There was 
no significant difference between the electron-capture GLC of the hep- 
tafluorobutyric derivative of I and the radiochemical assay of chloroform 
extracts of plasma and urine for 1- to 20-mg/kg doses. Urinary amounts 
of I measured by GLC were 20% lower than radioassays of chloroform 
extrarts at the 50-mg/kg dose. The pharmacokinetics of intravenous I 
was described by a two-compartment body model with sequential 
plasma half-lives of 7.5 f 0.7 and 136 f 6 min. No apparent dose-de- 
pendent pharmacokinetics for I was observed on intravenous or oral 
administration. The apparent volume of distribution of the central 
compartment, 13.1 f 0.7 liters, is approximately the volume of the total 
body water in a 20-kg dog. The apparent overall volume of distribution 
of 40.0 f 1.5 liters exceeds the total body water, indicative of sequestra- 
tion of I in tissues. Total and renal clearances were 205 f 5 and 155 f 5 
ml/min, respectively. The high renal clearance of I indicated an excess 
of tubular secretion. Renal clearance of I was not dependent on urine flow 
nor urine pH. Recovery of radioactivity in the feces after I was intrave- 
nously administered was <1%. Plasma protein binding of I was <5%, and 
the erythrocyte-plasma water partition coefficient was approximately 
unity. Compounds excreted in urine were separated into chloroform- 
extractable (pH 12), ethyl acetate-extractable (pH 2), and unextractable 
fractions which were further characterized by TLC. A multiple-extraction 
system was developed to estimate relative amounts and intrinsic partition 
coefficients of these extractable compounds from radioactivity counts 
of scraped plates and was applied to the assay of these compounds in the 
urine after intravenous administration of I. There was a readily chloro- 
form-extractable metabolite with an apparent partition coefficient of 
3.3 and RI 0.43 on TLC in the systems used. This apparent major me- 
tabolite could account for 8% of the administered radioactivity. Minor 
chloroform-extractable metabolites (0.8-3.3%) had lower apparent 
partition coefficients (0.26) but Rf values of 0.28 and 0.44. Ethyl ace- 
tate-extractable compounds (1.3-2.7%) had an apparent partition coef- 
ficient of 0.81 with R, values of 0.52 and 0.68. Three unextractable com- 
pounds had RI values of 0.20,0.50, and 0.62 and accounted for 0.16,2.8, 
and 0.9% of the administered radioactivity. 
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The properties, stability, assay, and preliminary phar- 
macokinetics in a dog of the immunomodulatory 1,2-0- 
isopropylidene-3-0-3’ - (N’,N’-dimethylamino-n-pro- 
py1)-D-glucofuranose hydrochloride (I) were described 
previously (1). This initial pharmacokinetic study in a dog 
showed that 60-8096 of I was renally excreted unchanged 
and 20-40% as unidentified metabolites a t  doses of 2 and 
10 mg/kg iv. This contrasted with the urinary recovery of 
the GLC-assayed I in humans of 93 f 2% in preliminary 
pharmacokinetic studies, indicative that only a small 
fraction was probably metabolized (2). Assays of chloro- 

form-extracted radioactivity a t  pH 11 from plasma and 
urine appeared to be synonomous to electron-capture GLC 
assays of the heptafluorobutyric derivative of I, indicating 
the greater polarity of the unextracted metabolites. 

This paper presents detailed studies on the pharmaco- 
kinetics of I in dogs after intravenous and oral adminis- 
tration as a function of dose (1-50 mg/kg). A fractionation 
and multiple-extraction system is presented that permits 
the quantitative assays of unidentified metabolites and the 
estimations of the partition coefficients of extractable 
metabolites from radioassays of sequential organic ex- 
tracts. 

EXPERIMENTAL 

Materials-The following analytical grade materials were used: am- 
monium hydroxide’, volumetric concentrations of sodium hydroxide2 
and hydrochloric acid2, chloroform suitable for GC3, ethyl acetate3, iso- 
propyl alcohol3, methanol3, n-propyl alcohol4, 30% hydrogen peroxide4, 
and a toluene-based scintillation cocktail4. 1,2-0-Isopropylidene-3-0-3’- 
(N’,N’-dimethylamino-n-propy1)-D-glucofuranose hydrochloride5 (1) 
and radiolabeled I (randomly 14C-labeled in the glucose component6, 
324.0 mCi/mmole) were used to prepare doses for the pharmacokinetic 
studies. The TLC plates used were silica gel G-coated glass plates’. 

Pu r i ty  of I4C-Labeled I-Radiolabeled [“TI1 applied on TLC and 
developed with n-propyl alcohol-ethyl acetate-water-ammonium hy: 
droxide (6:1:4:1) had a 98% recovery of the administered radioactivity 
at the RI (0.67) of I. No significant radioactivity over background was 
observed for its hydrolysis product, 3-0-3’-(N’,N’-dimethylamino-n- 
propy1)-D-glucofuranose hydrochloride, at  R/ 0.30. In addition no sig- 
nificant radioactivity was observed over background at  any other RI 
value. 

Plasma Protein Binding of I by Ultrafiltration-Fresh dog plasma 
was spiked with 0.1-100 pglml 14C-labeled I (47,000 dpm). An aliquot 
(0.1 ml) was taken prior to filtration to determine total radioactivity. 
Spiked plasma (2.00 ml) was centrifuged through ultrafiltration conesB 
at 3000 rpm for 10 min for no more than 30% (usually 10%) filtration of 
the plasma. Aliquots (0.1 ml) of the ultrafiltrates were assayed by liquid 
scintillation counting (2). Membrane binding (3-29%) of 14C-labeled I 
was found by ultrafiltration of spiked plasma water samples and sub- 
tracted from the studies of spiked plasma. 

Red Blood Cell-Plasma Water  Parti t ioning of I-Red blood cells 
obtained from centrifugation of fresh, heparinized dog blood were washed 
five times with isotonic salineg, recentrifuged, and resuspended in plasma 
water obtained by ultrafiltration to give a hematocrit of 46. Aliquots (2.00 
ml) of the suspensions were spiked with 0.01-100 pglml of 1%-labeled 
I (47,000 dpm), incubated a t  25’ for 30 min, and centrifuged a t  3000 rpm 
for 10 min. Aliquots (0.1 ml) of the original suspension and the separated 
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Figure 1-Linear regressions of (A)  concentrations of I ( [ I ] )  in plasma, f B )  amounts of I (U,) excreted in the urine in a given time interoal, and 
fC) cumulative amounts of I ( Z U d  excreted in the urine at  a given time assayed by electron-capture GLC on the radioassay (LSC) of chloroform 
extracts. Dog A uias administered 24.0 mglkg io of I .  

plasma water were assayed for radioactivity after digestion with 1.00 ml 
of a mixture of solubilizerlO-isopropyl alcohol (1:l v/v) and 0.5 ml of 30% 
hydrogen peroxide. 

The partition coefficient, D, was calculated from the equation cited 
in the literature (3) where the fraction of bound I was taken as zero. 
Partition coefficients between red blood cells and plasma water were also 
determined as a function of time for a 1-pg/ml spiked red blood cell 
suspension. 

Analysis of I4C-Labeled I in  Plasma and  Urine-The electron- 
capture GLC assay of the heptafluorobutyric derivative of I and the ra- 
dioassays after chloroform extraction of plasma and urine were described 
previously ( 1  ). 

Pharmacokinetic Studies of I in Dogs-One male dog (A) received 
intravenous doses of 1.9,2.0,10.0,24.0, and 48.4 mg/kg and oral doses of 
5.1 and 20.0 mg/kg of I4C-labeled I. Except for the 2.0 and 10.0 mg/kg iv 
studies, effected respectively 1 year and 6 months before the others ( l ) ,  

lo Bio-Solv strlubilizer; Beckman Instruments, Fullerton. CA 92634. 

the studies had intervals of 3 weeks. Four other male dogs (B, C, D, and 
E) were intravenously injected with -1,5, and 10 mg/kg at -3-week in- 
tervals. Intravenous doses of known specific activity were injected into 
the jugular catheter" by a three-way stopcock12 over 10 sec. The dosing 
stopcock and catheter were flushed with 10.0 ml of isotonic saline. In the 
oral studies, a tube was placed into the stomach of dog A to administer 
10.0 ml of the solution of 14C-labeled I. The stomach tube was flushed 
twice with 50.0 ml of water before it was removed. 

Blood samples after oral administration were withdrawn a t  2 and 5 min, 
every 5 min up to 60 min, every 10 min up to 90 min, and then a t  the same 
times as previously reported for the intravenous studies (1). Urine sam- 
ples in oral studies were collected a t  the same times as for intravenous 
studies (1). Further details of the treatment of the dogs, before and on 
the days of the experiments, the collection times of plasma and urine for 

I i  Intracath, intravenous placement unit, catheter size 16 eauge, catheter length 
12 inch. needle size 14 gauge; Deseret Pharmaceutical Co., bandy, UT 84070. 

Pharmaseal Inc.. Toa Alta. PH 00758. 
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Table I-Comparison of GLC (y) and LSC ( x )  Assays of Chloroform Extracts of Plasma and Urine With Time by Regression 
Analysisa of the Plasma Concentration of  I af ter  Intravenous and Oral Doses to Dog A 

Dose, 
Assay mg/kg n Range m f s, b f Sb sy .x  r 

[I], Pg/ml 24 iv 26 1-40 1.006 t 0.032 -1.11 f 0.43 1.52 0.988 
48.4 iv 39 0.5-120 0.724 f 0.033 0.91 * 1.29 6.13 0.963 

3 8b 0.5-85 0.941 f 0.029 -2.36 f 0.77 3.26 0.984 
20.0 PO 30 0.3-15 1.161 f 0.070 0.03 f 0.46 1.40 0.952 
24 iv 51 0.4-85 1.074 f 0.040 -1.89 f 1.09 4.69 0.968 
48.4 iv 25 0.1-130 0.820 f 0.013 -1.19 * 0.72 2.62 0.997 
20.0 PO 35 2-55 0.927 f 0.094 1.23 f 2.10 6.23 0.863 
24 iv 18 5-380 0.992 f 0.009 6.27 f 2.61 4.46 0.999 
48.4 iv 25 81-920 0.795 t 0.007 -4.11 f 5.38 9.20 0.999 
20 iv 19 5-365 1.019 f 0.008 -3.11 i 1.91 4.06 0.999 

)x + b (? Sb) ,  where the constants rn and b are the slope and intercept, respectively, of the regression of GLC assays of I (y) on 
LSC ( x )  assays of ch%oform extracts of plasma and urine, and sVx,sm, and Sb are the respective standard errors of estimate; r is the correlation co- 
efficient (4). bThe I-min plasma sample was excluded from the regression analysis. 

w, mg 

ay f sYx = rn (f s 

the intravenous studies, and the handling of the samples were given 
previously (1). 

Treatment of Feces-Feces were collected at 24-hr intervals and 
homogenized with a 10-fold volume of distilled water. An aliquot (0.2 ml) 
was transferred to a scintillation viaP; 0.5 ml of solubilizer1° was added 
and the mixture was digested a t  50' for 1 hr in a water bath. After cooling, 
1 ml of 30% H202 was added dropwise, and the mixture was gently swirled 
for 30 min. After air bubbles were eliminated, 15 ml of liquid scintillation 
fluid was added. Samples were dark-adapted overnight before 
counting. 

Extraction of Urine with Various Organic Solvents and at Dif- 
ferent pH Values-The strategy of extractions is given in Scheme I. 
Aliquots of urine (0.5 ml), before and a t  various times after intravenous 
administration of 1017 and 43.1 mg of [14C]I (48.4 and 1.9 mg/kg), from 
dog A were alkalinized to pH 12 with 0.1 ml of 1 N NaOH. Radioactivity 
before extraction was counted after addition of 10 ml of liquid scintillation 
fluid to 0.02 ml of the alkalinized urine. Alkalinized samples were then 
extracted sequentially 15 times with 5.0 ml of water-saturated chloroform. 
Each chloroform extract was transferred to a scintillation vial and 
evaporated under a nitrogen stream. The dried residues were each re- 
constituted in 10 ml of liquid scintillation fluid, and the radioactivity was 
counted. 

The aqueous phase, previously extracted 15 times with chloroform, 
was acidified with 2 N HCI to pH 2, and then extracted seven times se- 
quentially with 5.0 ml of water-saturated ethyl acetate. Each ethyl acetate 
extract was transferred to a scintillation vial and evaporated under a 
nitrogen stream. The dried residues were each reconstituted in 10 ml of 
liquid scintillation fluid to count radioactivity. 

After all chloroform and ethyl acetate extractions, 10.0 ml of liquid 
scintillation fluid was added to 0.05 ml of the aqueous phase to count 
unextractable radioactivity. The remaining aqueous phase was neu- 
tralized with 2 N NaOH to pH -7, and an aliquot (0.05 ml) was applied 
on a silica gel-coated TLC plate. Aliquots of solutions of the administered 
radiolabeled drug, 585 and 1056 ng in 0.6 ml of blank urine and distilled 
water, respectively, were treated similarly (Scheme I). 

TLC Separation of Chloroform- and Ethyl Acetate-Extractable 
and Unextractable Radioactivity-An aliquot (0.05 ml) of the final 

0.5 ml of urine ~ l u s  0.1 ml 1 N NaOH 

radioactivity residual aqieous phase 
measured in plus 0.1 ml of 2 N HCI 
each chloroform 
extract 

radioactivity residual 
measured in aqueous 
each ethyl acetate phase radio- 
extract activity 

I I 

measured, and 
neutralized 
phase separated 
on TLC 

Scheme I-Multiple extractions of urine taken a t  various times after 
intravenous administration of 48.4 rnglkg of '4C-labeled I to dog A. 

l3  Kimble, Division of Owens-Illinois, Toledo, OH 43668. 

aqueous phase, previously multiple extracted by chloroform and ethyl 
acetate, was neutralized, spotted on a silica gel G-coated glass plate, and 
developed with n-propyl alcohol-ethyl acetate-water-ammonium hy- 
droxide (6:1:41). The TLC plate was scraped in 0.5-cm sections after 
development to 15 cm and being dried in air. The scrapings were trans- 
ferred to scintillation vials and dissolved in 3.0 ml of water. Liquid scin- 
tillation fluid (10.0 ml) was added, and the vials were counted for radio- 
activity after overnight dark adapting. 

Samples of repetitive chloroform and ethyl acetate extracts of a 20.0-ml 
combined sample of 120-, 180-, and 240-min urine and of 20.0 ml of 
665-min urine were evaporated, reconstituted in 50-100 pl of solvent, 
spotted on TLC, and developed similarly. Similar studies were effected 
for the spiked blank urine solutions of radiolabeled I. 

RESULTS AND DISCUSSION 

Plasma Protein Binding and  Red Blood Cell-Plasma Water 
Partitioning of I-Plasma protein binding of I by ultrafiltration was 
3.4 f 2 (SEM)%, n = 4, when corrected for membrane binding and was 
independent of the spike concentration (0.1-100 pg/ml). This was similar 
to the plasma protein binding, 1.5 f 1.9%, in humans (2). The red blood 
cell-plasma water partition coefficient, D, was not concentration de- 
pendent (0.01-100 pg/ml of red blood cell suspension), and was ap- 
proximately unity lO.99 f 0.08 (SEM) ,  n = 51, close to the 0.95 f 0.04 of 
human erythrocytes (2). There was also no time-dependent distribution 
of I in the erythrocytes, measured between 5 and 60 min at  1 pglml. 

Recovery of Radioactivity in Feces-Negligible amounts (0.3 and 
0.1%) of the administered radioactivity were found in the feces of dog A 
after intravenous administrations of 40 (0.3%) and 200 mg (0.1%) of ra- 
diolabeled I. 

Comparison of Radiolabeled and  GLC Assays of I-Plasma sam- 
pled from dog A as a function of time (1-600 min) after intravenous ad- 
ministration of 24.0 and 48.4 mg/kg and after oral administration of 20.0 
mg/kg of 14C-labeled I were analyzed for I by electron-capture GLC and 
by the radioassay of the single 5-ml chloroform extracts of 500 pl of so- 
lution containing 0.5-500 pl of plasma. The assays were linearly related 
(Fig. 1A). The regression coefficients, m, were not significantly different 
than unity, nor were the intercepts, b, different than zero (Table I)  for 
the 24- (iv) and 20- (PO) mg/kg doses. There is a possibly greater assay 
value by radioassay than GLC a t  the 48.4-mg/kg dose, indicating a small 
amount of chloroform-extractable metabolite, although elimination of 
the 1-min plasma sample increased the regression coefficient to 0.94 f 
0.03. 

Similarly, the amount of I excreted in the urine, U I  and the amounts 
cumulatively excreted in the urine, Z U I ,  with time (15-900 min) were 
the same by the GLC assay and the radioactivity counting of the single 
5-ml chloroform extracts of 500 p1 of a solution containing 0.02-500 pI 
of urine (Fig. 1B and C) a t  24.0-mg/kg iv and 20.0-mg/kg po doses. 
However, GLC assays of urinary I a t  the 48.4-mg/kg iv dose were 20% 
lower than radioassays of the chloroform extracts, as ascertained by re- 
gression analysis (Table I), indicating the presence of significant amounts 
of chloroform-extractable metabolites a t  this dose. 

The good correlation between the GLC assays of I and the radioassays 
of chloroform extracts of plasma and urine at  the 2- and 10-mg/kg iv doses 
in dog A had been reported previously (1). I t  can be concluded that any 
radiolabeled metabolite extracted in a single chloroform extraction of 
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Figure %-Semilogarithmic plasma concentration versus time plots 
of (A) I determined by radioassay (LSC) of chloroform extracts and (B) 
total metabolites determined by direct radioassay of chloroform-ex- 
tracted aqueous phases after administration of 14C-labeled 1 to dog A 
at mglkgdoses of (0) ] .gin,  (0) 2.0ic,  (0) 10.0io. (A) 24.0iu. (0) 48.4 
iu, (H) 5.1 PO, and (A) 20.0 PO. Solid lines were drawn in accordance with 
[I] = Ae-l'' + Be-" where parameters are given in Table 11. 

plasma or urine at pH 12 for low doses of I (2 to 24 mg/kg) did not disturb 
assays of I by LSC, although some radiolabeled metabolite(s) were ex- 
tracted with chloroform a t  the high dose of 48 mg/kg iv. 

Pharmacokinetics of Intravenously Administered I-The semi- 
logarithmic plots of the plasma levels of I with time at  doses of 1.9.24.0, 
and 48.4 mg/kg iv and a t  the previously reported 2.0 and 10.0 mg/kg iv 
doses in dog A (Fig. 2A) and at  doses of 1.5 ,  and 10 mg/kg iv in dogs B, 
C ,  D, and E showed primarily biphasic curves, indicative of a two-com- 
partment body model for I. The lines drawn through the experimental 
points were calculated from the general equation [I] = Ae-#lf + Be-Jt  
in pg/ml of plasma where the parameters A, B, a, and 0 are listed in Ta- 
bles I1 and 111 for the intravenous data. Similar curves were obtained for 
the studies in the other dogs. 

In all intravenous studies the first 1-min data point after administra- 
tion was omitted to fit the experimental plasma values to a sum of two 

0.3 r 
0 200 400 600 

MINUTES 

Figure 3-Semilogarithmic plots of plasma concentrations with time 
of (A) I per milligram administered dose determined by radioassay 
(LSC) of chloroform extracts and (B) total metabolites, in equivalents 
of I per milligram administered dose, determined by direct radioassay 
of chloroform-extracted aqueous phases after administration to dog A 
of I4C-labeled 1 in mglkgdosesof (0) 1,9iu, (0) lO.Oiv, (A) 24.0iu, (0) 
48.4 I[ , .  (H) 5.1 po. and (A) 2 0 . 0 ~ 0 .  Drawn curves through iv data were 
in accordance with /II/D,, = ( A / D ( ) e - i r f  t (B/Do)e-iit.  

exponentials. This 1-min plasma concentration was significantly higher 
than the concentration calculated from this sum in all studies and indi- 
cated a possibly faster initial distribution phase withan apparent half-life 
of 0.5-1.0 min. I t  could not be explained by the first samples being con- 
taminated with residual 1%-labeled I, which was administered into the 
jugular catheter, since plasma levels of I obtained simultaneously from 
the jugular catheter and a leg vein catheter were identical in both the 
intravenous 48.4-mg/kg and 1.0-mg/kg doses of I administered to dogs 
A and C, respectively. Subsequent samples up to 1 hr from both sites also 
showed coincident plasma levels. 

The average plasma half-lives of the distribution and elimination 
phases for all intravenous studies in dogs A, B, C, D, and E were, re- 
spectively, 7.5 f 0.7 ( S E M )  and 136 f 6 ( S E M )  min and were indepen- 
dent of dose in the range of 1-50 mg/kg (Tables I1 and 111). The plasma 
levels calculated per milligram unit dose, [I]/Do with time were reasonably 
superimposable for all intravenous doses in dog A (Fig. 3A). This was also 
true for the different dose studies in the other dogs. These facts indicated 
dose-independent pharmacokinetics of I on intravenous administra- 
tion. 

The plasma levels of total metabolites as equivalents of I were esti- 
mated from the radioactivity in the aqueous phase after chloroform ex- 
traction of the plasma. The radioactivity was corrected for unextracted 
I (l),  and the resultant curves of apparent total metabolite concentrations 
in plasma are given directly in Fig. 2B and per milligram of administered 
dose of I in Fig. 3B. The apparent metabolite plasma levels per milligram 
of dose (Fig. 3B) decreased slightly, but systematically, with increasing 
intravenous doses, indicating a possible dose dependence in metabolite 
formation in contrast to the plasma levels of I. This was also observed 
for other dog studies a t  different doses. Since metabolic clearance is only 
13%, of the total clearance, this apparently minor dose-dependent me- 
tabolism would not be expected to significantly affect the observed 
dose-independent overall pharmacokinetics of I. 
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Table 11-Pharmacokinetic Parameters of I Administered Intravenously to Dog A 

Parameter Mean * SD(SEM)  

Dose ( D o ) ,  mg 4w 43.1 

Specific activity, 50304 40898 

Ab ,  l.cg/ml 3.4 2.6 
Bb 1.19 0.86 
a b ,  min-'(tl,,, m in )  0.195(3.6) O.llg(5.8) 

l o 3  /3b, (tI ,*,  min) 6.68(104) 4.44(156) 

Clearances, ml/min 

Dose, mg/kg 2.0 1.9 

dpm/l.cg 

CLiOtC 204 200 
CL!end 135 1520 

v e e  8.7 12.4 

Vflf 30.6 45.0 

Vflextrar? 33.6 50.1 

XU& /Dose 0.60n, 0.640 0.7960 

2 U!!/Dosei 0.18 0.13 

Apparent volumes of distribution, liters 

Disposition, fraction of doseh 

I; U!,?/DoseJ' 0.980 1.00 
kkB, min-'  0.0555 0.0329 

k$E 0.0235 0.0161 

k PT 0.1227 0.0744 

200a 
10.0 
9995 

11.5 
5.30 
0.160(4.3) 

5.44( 127) 

191 
1630 

11.9 
35.1 
37.7 

0.82", 0.850 
0.15 
1.02 

0.0542 
0.0161 
0.0951 

480 
24.0 
21707 

28.9 
10.73 
O.lOl(6.9) 

4.98(139) 

197 
1620 

12.1 
39.5 
44.7 

0.82", 0.820 
0.09 
0.98 

0.0310 
0.0162 
0.0588 

1017 
48.4 
7180 

87.4 
21.9 
0.082(8.4) 

4.74(146) 

179 
1770,141" 

9.3 
37.8 
46.5 

0.71", 0.900 
0.07 
0.97 

0.0202 
0.0192 
0.0473 

0.131 f 0.046(0.020) 
[5.8 * 1.9(0.9)] 
5.26 f 0.88(0.44) 
[134 f 20(9)] 

194 * lO(4) 

1 5 8 +  16(7)0 

10.9 i: 1.7(0.8) 
37.6 * 5.3(2.4) 
42.5 f 6.7(3.0) 

0.80 i: 0.10(0.04)0 
0.12 i: 0.04(0.02) 

0.0388 f 0.0155(0.0069) 
0.0182 f 0.0032(0.0014) 

0.0797 f 0.0300(0.0134) 

0.99 i 0.02(0.01) 

aPharmacokinetic parameters of 2.0- and lo.O-mg/kg studies were reported previously (1). bParameters estimated from best fit of LSC assay of I in 
plasma against time (Fig. 2) in accordance with [ I ]  = Ae-a' + Beaf; LSC and GLC assays were coincident. The 1-min plasma level datum was 
omitted from consideration. CTotal clearance of I, DoIAUC,, where AUC, is the total area under the I plasma level -time plot. dRenal clearance of 
I consistent with the XU = CLrenAUCt (Figs. 4 and 6), where AUCt is the area under the plasma level of I-time plot for the time when the cumula 
tive amount of I in the urine, C U ,  was measured. At the highest dose of 48.4 mg/kg iv, GLC and LSC of extracts were not coincident. e Apparent vol- 
ume of central compartment for I ,  Dose/(A + B). fApparent overall volume of distribution for I ,  CLiot/p. 8Apparent extrapolated volume of distri- 
bution for I on presumption of one-compartment body model, DoselB. hEstimated from asymptotes of C U  Versus time plots of Fig. 6. iBased onLSC 
assay of radioactivity in aqueous phase after chloroform extraction of urine. iBased on LSC assay of total radioactivity in urine (1). kTransfer rate 
constant from the tissue compartment to the central compartment, kTB = (AD + B a ) / ( A  + B) (7). lEIimination rate constant from the central com- 
partment, kBE = Q P / ~ T B  (7).  mTransfer rate constant from the central compartment to the tissue compartment k g T  = 01 + p - kTB - k g E  (7). 
"Based on GLC assay of urine. OBased on LSC assay of chloroform extract of urine. 

Apparent Volumes of Distribution of I-The apparent volumes of 
distribution (Tables I1 and 111) were referenced to the plasma concen- 
tration of I. The average apparent volume of distribution of the central 
compartment was 13.1 f 0.7 ( S E M )  liters, V ,  = Do/(A + B ) ,  which is 
equivalent to the total body water in a 20-kg dog (12-14 liters) (5). The 
average apparent overall volume of distribution, v d  = CL,,,/fl, was 40.0 
f 1.5 (SEM) liters, which exceeded total body water and indicated tissue 
sequestration. 

Clearances of I-The renal clearances (Tables I1 and 111) were esti- 
mated from plots of the urinary excretion rates of I against the plasma 
concentrations a t  the midpoint time of each urine collection interval and 
from plots of the amounts of I cumulatively excreted in the urine a t  time 
t ( Z U t )  against the area under the plasma level-time curve a t  time t 
(AUCO, according to the equation ZU, = CL,,AUC, (Fig. 4). The 
presence of a possible initial distribution phase of 0.5-I-min half-life was 
supported by the fact that the positive intercepts frequently observed 
for renal clearance plots of ZU, against AUC, when the initial 1-min 
datum was ignored did not exist when the additional area given by its 
inclusion was considered. Then the intercept was not significantly dif- 
ferent from zero. 

The renal clearances [I55 f 5 ( S E M )  ml/min] were independent of 
dose, urine flow, and urinary pH and indicated an excess of tubular se- 
cretion of the negligibly plasma protein-bound I in addition to glomerular 
filtration, which is in the range of the inulin clearance (85 f 35 ml/min) 
in a 20-kg dog (6). Thus, a t  doses <24 mg/kg, dose-dependent renal 
clearances cannot be concluded. However, the possibility of lowered renal 
clearance a t  higher doses is still open, as the one study a t  48.4 mg/kg did 
not show coincident LSC and GLC assays of extracts of urine, and the 

renal clearances from the latter assay appeared to be significantly lower 
(Table 11). 

Bioavailability on Oral Administration-The fact that no dose 
dependency was observed on intravenous administration of 1-48.4 mg/kg 
(Fig. 3A, Tables I1 and 111) demonstrated that that systemic distribution 
and disposition of I followed first-order linear pharmacokinetics and 
permits us to estimate the absolute bioavailability of oral solutions of I 
with respect to intravenous administration by the ratio of areas under 
the plasma level-time curves. The areas under the plasma level-time 
curves (Table IV) were calculated by integration to time inl'inity ac- 
cording to AUC, = A / a  t B//3 for the intravenous doses. They were 
calculated for the oral doses by the trapezoidal rule to time 900 min and 
by adding the terminal area estimated by dividing the plasma level at  900 
min by the disposition rate constant. The area per milligram oral dose 
of 5.1 pg.min/ml a t  the 5.1-mg/kg dose was virtually identical to the av- 
eraged area of 5.2 pgmin/ml for the intravenous doses of 1.9-48.4 mg/kg. 
However, the area per milligram dose of 6.1 pcg.min/ml a t  the 20.0-mg/kg 
oral dose was 10% higher than the highest area of 5.58 pg.min/ml found 
for the 48.4-mg/kg intravenous dose. This finding could indicate a pos- 
sible saturable first-pass metabolism of 1 at high oral doses. This was also 
indicated by the fact that  the plasma concentrations per unit dose were 
slightly higher for the higher oral dose (Fig. 3A). 

Absorption Rates of Orally Administered I-The rates of absorp- 
tion of I were determined by the Loo-Riegelman deconvolution method 
(7). The values of the apparent volume of distribution of the central 
compartment (V,) and the parameters a,  13, and A and H per milligram 
intravenous dose necessary for estimates of the microscopic rate constants 
between the central and tissue compartments, ~ H T  and k , r ~ ,  and the 
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Figure 4-Typical renal clearance plots for I assayed by GLC (A) and 
LSC (A) of extracts, (A) plotting the urinary excretion rates (AU/At) 
versus the plasma levels of I a t  the midpoint of the urine collection, 
( [ l J m i d )  and (B) the cumulatiue amounts of I excreted in the urine a t  
time t (ZUJ versus the area under the plasma leuel-time curue to time 
t (AUCJ after intravenous administration of 24.0 mg/kg of I to dog 
A. 

elimination rate constant from the central compartment,  BE, were ob- 
tained from the average values of those parameters in the intravenous 
studies in dog A. The semilogarithmic plots of the percent unabsorbed 
I with time for the oral doses administered to dog A are given in Fig. 5 and 
were linear, indicating first-order absorption. First-order rate constants 
of absorption were 0.017 min-I (absorption tl/z of 41 min) for the 5.1- 
mg/kg dose and 0.042 min-' (absorption tl/z of 16 min) for the 20.0-mgkg 
dose after negligible lag times of 5 and 2 min, respectively. The ratio of 
the first-order absorption rate constants to the dose was reasonably 
constant and indicates a possible dose dependence. 

Table IV-Areas Under the Plasma Concentration-Time 
Curves (AUC,) of I for Various Intravenous and Oral Doses 
in Dog A 

AUC, , AUC, /Dose, 
Dose, mg  pg-min /ml  p g  . min/ml.  mg  

40 
43.1 
200 
480 
1017 

112.5 
444 

Intravenous Studies 
196 
21 5 
1047 
2442 
5677 

Oral Studies 
578 
2708 

4.90 
5.00 
5.24 
5.09 
5.58 
5.16 r 0.26(0.12)a 

5.14 
6.io 
5.62 * 0.68(0.48)a 
(p < 0.01)* 

aMean t SD(SEM)  are given. b t Test for two means. 

Urinary Recoveries of Intravenously and  Orally Administered 
I-Unchanged I was recovered in the urine for 79 f 2 (SEM)% of the 
intravenous doses (1-50 mg/kg). Chloroform-unextracted metabolites 
accounted for 15 f 1% (Tables I1 and 111, Fig. 6). There were no significant 
differences between renally excreted total radioactivity and the sum of 
the cumulative amounts of extracted and unextracted radioactivities 
(Tables I1 and 111). 

The total recovery of radioactivity from the cumulative total urine was 
106 and 103% of the administered radiolabeled I for the 5.1- and 20.0- 
mg/kg oral doses, respectively, in dog A, implying complete absorption. 
The plots of the cumulative amounts of extracted and unextracted ac- 
tivities, expressed as the percentage of the orally administered 5.1- and 
20.0-mg/kg doses in dog A, with time are also given in Fig. 6. The cumu- 
lative plots of I were fitted for constant renal clearances of 158 and 141 
ml/min for the respective 5.1- and 20.0-mg/kg oral doses; these renal 
clearances were consistent with the renal clearances for the intravenous 
doses (2-48.4 mg/kg) in dog A (Table 11). The urinary recoveries after 
5.1- and 20.0-mgkg oral doses in dog A were 84.5 and 87.2%, respectively, 
of the dose for extracted radioactivity and 11.5 and 8.1% for the unex- 
tracted radioactivity. The slightly lower yield of urinary metabolites 
(8.1%) at the 20.0-mgkg oral dose than a t  the 5.1-mg/kg oral dose (11.5%) 
and a slightly higher area under the plasma level-time curve of unchanged 
I a t  the 20.0-mg/kg oral dose (6.10 pg.min/ml) than the area for the 
highest intravenous dose of 48.4 mg/kg (5.58 Fg-min/ml) could indicate 
the possibility of saturable first-pass metabolism of I. However, these 
differences in metabolite recoveries in the urine and in area under the 
plasma level-time curves of I were small. 

Theoretical Basis fo r  Estimation of Number of Metabolites and 
Their Part i t ion Coefficients f rom Multiple Extract ions of 
Urine-The apparent partition coefficient ( k )  of any single radiolabeled 
compound can be defined as the ratio of the radioactivity (disintegrations 
per minute, dpm) in the organic phase (dpm,,,,) over the radioactivity 
in the aqueous phase (dpm,,): 

(Eq. 1) 

where dpmbt is the total radioactivity in the syst,em and equal to the sum 
of the radioactivity in the aqueous and organic phases. On rearrangement 
of Eq. 1, the fraction of unextracted radioactivity after a single extraction 
can be expressed as: 

(Eq. 2) 

Thus, the radioactivity remaining in the aqueous phase after the first 
extraction (dpm.,J is: 

and the solution can be extracted with organic solvent for a second time 
to give: 

(Eq. 4)  
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Figure  5-Semilogarithmic plot of the percent unabsorbed 
I with t ime for oral doses of 5.1 (m) and 20.0 (0) mglkg ad- 
ministered to  dog A. Percent unabsorbed I was calculated by 
t h r  Loo-Kiegelrnan deconvolution method (7). 

10 0 I.,,,, 10 20 30 40 50 

MINUTES 

Substitution of Eq. 3 into Eq. 4 gives: 

(Eq. 5) 

Thus, the radioactivity left in the aqueous phase after n repetitive 
extractions is: 

(Eq. 6) 

and 

log dprn,,,,, = log dpmtot - nlog(1 + k )  (Eq. 7) 

and a plot of the logarithm of the radioactivity left in the aqueous phase 
and unextracted (dpm,,,,,) versus the number of sequential extractions, 
n, will be linear. The intercept would be the logarithm of the total ra- 
dioactivity (dpmwt) of the compound before any extraction. 

The linearity of the semilogarithmic plot of dpm,,,, against n (Fig. 7, 
curves A and A') implies the possibility of one extractable compound (or 
several with the same partition coefficient) on ethyl acetate extraction 
of the acidified chloroform pre-extracted urine samples obtained after 
intravenous administration of I (curve A) or on spiking blank urine with 
[I4C]I (Curve A ) .  The total radioactivity (dpmbt) before any ethyl acetate 
extraction can be estimated from the intercept. This was 1.9% of the total 

1001 

I 800 1200 
MINUTES 

Figure 6-Plols of the experimental cumulative urinary amounts XU, 
in percentage of intravenous dose, of I by LSC of extracts (open symbols) 
and of total metabolites by LSC of chloroform-extracted aqueous phase 
(solid symbols), for the 1.9- (0). 10.0- (O), and 24-mglkg (A) doses of  
I administered to dog A,  against t ime, u~here the  GLC and LSC assays 
of urine extracts were coincident (Table I ) .  T h e  different values o f  the 
cumulative urinary amounts of I ,  by GLC (0) and LSC (0 )  assays of 
chloroform extracts of urine after a 24.0-mglkg dose to dog A, against 
t ime  are both presented (Table I ) .  Similar plots of the experimental 
cumulative urinary amounts of I ,  by LSC assay of extracts, which were 
coincident with the GLC assays (Table I )  for the orally administered 
doses of5.1 (0)  and 20.0 (A) mglkg to  dog A, against time are given in 
the  insert. Curves through the experimental points of I were f i t ted ac- 
cording to Z U  = CL,,AUC for the constant renal clearances summa- 
rized in  Tables I I  and III. 

radioactivity in the original urine collection of Fig. 7a, and corresponded 
to 1.04 mg of the total amount of material as I equivalents in this 370-min 
urine sample. The apparent partition coefficient of the compound, k ,  
determined from the slope of the line, log(1 t k ) ,  in Eq. 7 was 0.815. 

If there were two extractable compounds with significantly different 
partition coefficients, the radioactivity remaining in the aqueous phase 
after n extractions, (dpmaq,n),u,, would be the sum of the two radioac- 
tivities from each of compounds 1 and 2, (dpm,,,n)l and (dpmaqJ2, where. 
each remaining activity could be defined by an equation of the form of 
Eq. 6, where (dpmtot)l, (dpmbt)2, and dpmtot are the total radioactivities 
of compound 1, compound 2, and their sum, respectively, in the aqueous 
system before any extractions were made. Thus: 

(Eq. 8) 
If compound 1 were more readily extracted than compound 2 as n in- 

creases to large numbers, there would be eventually no more of the former 
to be extracted and (dpm,,,,,)l would be equal to zero so that: 

and the logarithm of both sides would give an equation similar to Eq. 7. 
This can be seen in the examples of curves B and B' in Fig. 7 for 15 se- 
quential chloroform extractions at pH 12 of urine sampled 370 min after 
intravenous administration ol' lJC-labeled I to dog A and for the [l4C]1 
spiked urine. respectively, where possibly two chloroform-extractable 
compounds may exist in the urine. The apparent partition coefficients 
(k2)  of this least readily extracted compound, calculated from the slopes 
of the terminal data, were 0.29 (curve B) and 0.24 (curve B'). The inter- 
cept of these extrapolated linear terminal data permitted the calculation 
of the radioactivity, (dpmwt)z due to this compound that contributed to 
the total radioactivity in the original urine sample: 
lim hddpmaq,n )sum = log(dpmoq,n )z 

n *- 

= log(dpmt,,t)z - nlog(1 t k 2 )  (Eq. 10) 

Thus, the apparent metabolite 2 accounted for 2.24 mg (as I equivalents) 
or 4.1% of the total radioactivity in the urine collection of the example 
of curve B and 059% in the example of curve €3'. 

Since (dprn,,,,)~ can be calculated for any n by Eq. 9 from the esti- 
mated k 2  and (dpmtot)2, the logarithm of the difference between this value 
and the experimentally determined (dpma,,n)s,,, can be plotted against 
n (curve C in Fig. 7) to estimate kl and (dpmt,t)l (Eq. 8) from the straight 
line obtained in accordance with: 
log[(dpmaq.n)sum - (d~maq,,)21 = hddpmaq,n)1 

= log(dpmtd1 - nlogll + k l )  (Eq. 11) 

In the given example (Fig. 7a, curve C), the readily extractable compound, 
on the assumption that there was only one, had an apparent partition 
coefficient of 12.8 and accounted for 47.7 mg (as I equivalents) or 87.3% 
of the original radioactivity in the 370-min urine collection. For Fig. 7b, 
curve C', the readily extractable compound had an apparent partition 
coefficient of 17.4 and accounted for 97.5% of the total radioactivity of 
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Figure 7-Tvpical examples of semilogarithmic plots of not-yet-ex- 
traded urine radioactioity agaimt the number of extractions for (a) the 
YlfJ-370-min urine collection containing a total of 0.177 X 106 dprn after 
adminisfration of 1017mg iv  of [l4C]I to dog A and fur (b) the spiked 
blank urine containing 1.22 X lo6 d p m  of standard [l4CJ1 (585 ng). The 
ordinate oalur~s in (b) are scaled to  0.1 77/1.22 of their measured values 
for  Oettcr comparison icrith (a). Curves A and A’are for the 5-rnl repet- 
itirc ethyl acetate extraction of the 0.6-rnl acidified and preoiously 
c~xhaustiuely chl(iroform-extracted urines. Curves Rand W a r e  for  the 
5-ml r(7petititIe chloroform i.xtractions of  the 0.6 rnl of urine adjusted 
t o  pH 12. Curiws (‘ and C‘ are the feathered lines obtained from the 
apparently biphasic curves H and R‘. 
the standard [l*CC]I. It is evident that the (dpmbt)i and ki values for each 
of a mixture of i different compounds of significantly different partition 
coefficients can be estimated by a series of such deconvolutions using this 
method, which is similar to the method of residuals used to estimate the 
parameters of a sum of exponentials. 

Application and Limitations of t he  Method of Multiple Extrac- 
tions of Urine on Dosing of Radiolabeled I-The semilogarithmic 
plots of (dpmas,n)sum against the number ( n )  of sequential chloroform 
extractions appeared to be reasonably biphasic for the urine samples 
taken between 15 and 784 min after intravenous administrations of 
1017-mg (Fig. 7, curves B and C) and 43-mg I4C-labeled I. Feathering of 
the semilogarithmic plots showed a t  least two radiolabeled chloroform- 
extractable compounds; 

Possible Least Chloroform-Extractable Compound (11) as Me- 
tabolite-The least extractable compound (111, resolved from the ter- 
minal data, had an average apparent partition coefficient, kI1, of 0.264 
f 0.016 (0.004), n = 17, for the 1017-mg dose (Table V) and 0.268 f 0.038 
(0.009), n = 19, for the 43-mg dose (Table VI). I t  comprised increasing 
percentages of the urinary radioactivity with time, from 0.4% in the urine 
collected between 0 and 15 min to 6.4% in the urine collected between 665 
and 725 min for the 1017-mg dose and from 0.9% in the urine collected 
between 0 and 15 min to 16.8% in the urine collected between 790 and 850 
min for the 43-mg dose. This implies that 11, relative to I, is formed later 
in the body and/or is eliminated more slowly. 

When 0.6 ml of blank urine adjusted to pH 12 containing 1.22 X lo6 
dpm of [14C]Ifi (585 ng of specific activity 324 mCi/mmole) was sequen- 
tially extracted 15 times, each time with 5 ml of fresh water-saturated 
chloroform, a semilogarithmic plot of amount radioactivity remaining 
in the aqueous phase against the number of extractions ( n )  was re- 
markably similar in its biphasic form (Fig. 7, curve B’) to that from the 
urines (Fig. 7, curve B). The slope of the terminal points paralleled that 
of the terminal points in the urine studies (Fig. 7, curve B) and gave a 
similar calculated apparent partition coefficient of 0.24 (Eq. 10) as 
compared with the average of 0.26 f 0.02 (0.004) and 0.27 f 0.04 (0.01) 
for the urine samples listed in Tables V and VI, respectively. A similar 
study for 950,000 dpm of [14C]I (0.56 ng of specific activity 137 mCi/ 
mmole) in 0.6 ml of distilled water adjusted to pH 12 gave an apparent 
partition coefficient of 0.303. 

NUMBER OF EXTRACTIONS 

Since the apparent partition coefficients for I1 in urine and in admin- 
istered drug were similar, this could imply that this least chloroform- 
extractable compound I1 in the urine was a radiolabeled impurity in the 
original dose of intravenously administered I. The extrapolated intercept 
of this terminal phase (Fig. 7, curve B’) which permitted the estimation 
of the original amount of radioactivity of compound I1 that might con- 
taminate the administered radiolabeled I, gave a value that could be in- 
terpreted as accounting for 0.59% of the total radioactivity of I for a ra- 
diolabeled purity of the administered I of 99.4%. In the similar aqueous 
study it accounted for 2.4% for a radiolabeled purity of the administered 
I of 97.6% in agreement with the estimated chromatographic purity of 
I determined before the pharmacokinetic studies. The 2.4% was similar 
t o  an estimated 2.7% of I1 cumulatively excreted a t  infinite time (2.4% 
a t  784 min) in the urine for the dog administered 1017 mg (Table V), but 
significantly less than a similar estimate of 8.0% of I1 for the administered 
43-mg dose, (Table VI, 7.4% at  1378 rnin). This latter fact implies that 
a significantly greater amount of material of similar properties as the 
impurity I1 might result as a renally excreted biotransformation product 
in the dog. 

TLC were made of the repetitive chloroform extracts of the mixed urine 
samples collected between 120 and 240 min and the urine collected a t  
605-665 rnin when the 1017-mg dose was administered intravenously. 
Definitive radioactivity was observed a t  R/ values of 0.29,0.44, and 0.63 
in all of the sequential extracts. However, sequential chloroform extracts 
of the spiked blank urine containing a solution of the administered dose 
showed radioactivity only at  Ri 0.63, coincident with the Rf value of I but 
not necessarily I. This implied that compounds with R/ 0.33 and 0.47 can 
result from metabolic processes when the [14C]I is administered. 

The fraction of radioactivity, F, extracted in each of n repetitive ex- 
tractions of a single compound can be expressed as: 

k 0%. 12) - -- dpm in CHC13 
F =  Initial . .  dpm in aqueous phase ( 1 + k ) ” 

Thus: 

log(dpm extracted in CHCl3) = logk(initia1 dpm in aqueous phase) 
- nlog(1 + k )  (Eq. 13) 

The amount extracted into chloroform that appears at a given RI value 
can be calculated from the product of the fraction of the total radioac- 
tivity applied on the TLC (dpmR,/dpm,,,li,d) and the total dpmmcl:, in 
a given chloroform extract. This should be linear when plotted semilo- 
garithmically against the number of extractions ( n ) .  When such plots 
were made for amounts at  the several observed R/ values (Fig. 8) obtained 
from the 605-665-min urine sample from dog A after intravenous ad- 
ministration of 1017 mg of [14C]I, the materials a t  the three TLC spots 
all had terminal phases which indicated compounds with approximately 
equivalent partition values R,, k: 0.29,0.204; 0.44,0.38; 0.63,0.183. The 
percentage of these least extractable compounds in that particular urine 
sample can be estimated from the intercepts of the linearly extrapolated 
terminal data (Fig. 8, Eq. 13) and were R,, percent of chloroform-ex- 
tractable radioactivity, percent of radioactivity in total urine: 0.29.0.96, 
0.83; 0.44, 1.17,1.02; 0.63,3.33, 2.89. The 0.83 and 1.029’0 of total estimates 
of radioactivity in total urine at  the given urine collection (R, 0.29 and 
0.44, respectively) do indicate small amounts of chloroform-extractable 
compounds produced by metabolism that cannot be assigned to the ap- 
parent radiolabeled impurity, 11, in the administered radiolabeled dose 
of I. I t  is, of course, possible that the compounds a t  these Rf values are 
not metabolites of I, but of the apparent radiolabeled impurity, 11, in the 
radiolabeled dose of I. 

Possible Readily Chloroform-Extractable Compounds as Me- 
tabolites-The apparent partition coefficient of the more readily ex- 
tractable chloroform compounds, k,,,, systematically decreased from 19.8 
in the 0-15-min urine to 10.9 in the 728-784-min urine for the 1017-mg 
study (Table V) and from 19.85 in the 15-30-min urine to 6.7 in the 
850-1738-min urine for the 43.1-mg study (Table VI). These apparent 
k,,, partition coefficients were estimated from the slopes based on first 
and second repetitive partitions of material from 0.6 ml of urine into 5 
ml of CHC13 (Fig. 7, curve C). The apparent k,, partition coefficients for 
the radiolabeled dose added to urine (curve C’) and water, respectively, 
were 18.0 and 20.0. Inspection of curve C’ (Fig. 7b) shows no indication 
of changing partition coefficients for this residual line with increasing 
n. This strongly implies that not only I is readily chloroform extractable 
from the urine of dogs administered I, but also a compound, 1’, with a 
slightly lower partition coefficient, and that 1’, relative to I, is formed later 
in the body and/or is eliminated more slowly. 

The TLC distribution of sequential chloroform extracts of the 605- 
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Figure B-semilogarithrnic plots against number of  extractions (n) of 
radioactivities (dpm) of different TLC spots at Rr (0) 0.60-0.69, (0) 
0.40-0.47, and (0) 0.27-0.30 from 5.0-ml chloroform extracts of 0.6 ml 
of pH 12 urine. The urine was collected between 605 and 665 min when 
1017 mg of f14C]I ulas intravenously administered to dog A. The 
amounts at each Rr value were calculated from d p m ~ f / d p m a p p ~ , , d  X 
dpm(.H('lp where dpmR, dpmapplrrdv and dpm(,HCln are the radioactivities 
at the specified Rr values, total applied to the TLC plate, and the ra- 
dioactivity extracted at the nrh  chloroform extraction. The solid symbols 
are the feathered data. 

665-min urine collection from dog A after administration of 1017 mg of 
[I4C]I gave the data for Fig. 8 with biphasic semilogarithmic plots. The 
data from the spot a t  R f  0.63. when feathered, permitted the estimation 
of a partition coefficient of 18.0, consistent with I (Fig. 7, curve C'). The 
intercept of the feathered line permitted an estimation of 86.4% in the 
total urine collection that is chloroform extractable (75% of total radio- 
activity in urine samples) and can be assigned to I. The data from the spot 
a t  Rf 0.43, when feathered (Fig. 8) permitted the estimation of a partition 
coefficient of 3.3. The intercept of the feathered line permitted an esti- 
mation of 8.1% of this readily chloroform-extractable RI 0.43 material 
of k = 3.3 in the total urine collection that is chloroform extractable (7.1% 
of total radioactivity in urine sample). This would be the possible me- 
tabolite 1', that accounts for the greatest portion of the discrepancy be- 
tween GLC and total radioactivity assays of I in urine at  the 48.4-mg/kg 
iv dose (Table I). 

When material found a t  R/ 0.43 was eluted, incubated a t  pH 12 or 7 
for 2 hr at  50°, and rechromatographed on TLC, the radioactivity ap- 
peared at  the same R/ value. When this material was incubated similarly 
a t  pH 2, the rechromatographed material appeared a t  R, 0.10-0.23. This 
shift to much lower Rf values with acid hydrolysis is indicative of the loss 
of an isopropylidene group (1). This fact plus its ready alkaline chloroform 
extractability indicate that a possible structure assignment to I' is that  
i t  is a rnonodealkylated product of I. 

Possible Ethyl Acetate-Extractable Compounds of Acidified 
Urines as Metabolites-The semilogarithmic plots of (dpm,,., )rum 
against the number of sequential ethyl acetate extractions ( n  ) of acidified 
chloroform-extracted urine indicated one radiolabeled extractable 
compound (Fig. 7, curve A)  with an average apparent partition coefficient 
of 0.82 f 0.16 (0.041, n = 17, for the 1017-mg dose (Table V )  and 0.80 f 
0.08 (0.02), n = 19, for the 43-mg dose (Table VI). The cumulative 
amounts of such ethyl acetate-extractable material excreted in the total 
urine accounted for 1.29 and 2.67Y0 of the administered doses, respec- 
tively. A similar analysis of ethyl acetate-extractable material for the 
[l4CC]I spiked into urine (Fig. 7, curve A') and water accounted for 0.6 and 
0.7% of the administered compound, respectively, with respective ap- 

parent partition coefficients of 0.46 and 0.57 and a sole TLC spot a t  R f  
0.67. These facts imply that small, but additional, amounts of ethyl ac- 
etate-extractable material are formed in the animal. The ethyl acetate 
extracts of the 120-240-min urine from the 1017-mg dosed animal showed 
Rf values of 0.52 and 0.68, but only an Rf value of 0.68 in the 6 0 M 5 - m i n  
urine indicates that the ethyl acetate-extractable material has the same 
Rf as I. 

Possible Unextractable Materials as Metabolites-After the 
multiple extraction of urine with chloroform and ethyl acetate, 4.0% of 
the administered radioactivity from the 1017-mg dose of [14C]I was found 
in the accumulated urine (Table V), whereas 6.6% was found for the 
43.1-mg study (Table VI). Only 1.4 and 1.2% of unextractable radioac- 
tivity was found in the ['4C]I spiked urine and distilled water, respec- 
tively, implying that additional amounts of unextractable material were 
formed in the animal. The percentage of total unextractable radioactivity 
in the urine collections increased from 1.5% at 15 min to 12.1% at 784 min 
(Table V). The residual urine after multiple extractions with chloroform 
and ethyl acetate was applied to TLC plates, and sections were scraped 
for LSC counting. A major portion of the applied radioactivity (6040%) 
appeared a t  Rf 0.47-0.53 with 1%30% at Rf 0.60-0.63 and a small amount 
(0.05%) at  R, 0.17-0.23. These comprised 2.8% (R\O.50), 0.87% (Rf 0.62), 
and 0.16% (Rf 0.20) of the total administered 1017-mg dose (Table V), 
and 3.6% ( R f  0.50). 1.5% (Rf 0.62). and 0.70% (Rf 0.20 and R, 0.35) of the 
total administered 43.1-mg dose. 

3.0 L 

A 

-0, 2.7% 
27.7 mg 

2.0 - 

3- w 

I /Ad 

B 

- - - 0.17% 
n+ 1.7 mg 

Figure 9 - ( ' u n ~ u / o ~ i i v  omounts (as percent of administrrrd [ Y ] l  
dew) fJ f  rwrious/y characterized possih/c meta bolites and/or impurities 
found in the urine of dog A intravenously administered (A) 101 7 mg and 
(B)  43.1 mg of I .  Key: (0) total amounts of 11 with a partition coefficient 
of -0.24 transferred from pH 12 urine (0.6 ml) into repetitive 5-ml 
chloroform extractions; (A) total amounts o/ compound transferred 
from acidified arid chloroform pre-extracted urine into repetitiue 5-ml 
ethyl acetate extractions; and cumulative amounts of compounds at 
RI. 0.50 lo), Rr 0.62 (a), and Rf 0.20 (0) that were unextracted by re- 
petitiue chloroform and eth-vl acetate extractions. Each curve shows the 
total amounts of materials and percentage of administered dose esti- 
mated from their respective asymptotes. The lines drawn through the 
values for each curve were calculated from ZU = ZU, ( 1  - e-"). 
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The cumulative amounts of non-1 compounds (as percentage of ad- 
ministered radioactivity in the [14C)I dose) are plotted against time in 
Fig. 9 for the 1017-mg (A) and 43.1-mg (B) doses. The lines drawn through 
the values were calculated from: 

(Eq. 13) 

The respective half-life values (0.693/N in min were: (A) ZUII, 266; 
~ U E T A C ,  266; Z@g2, 152; Z@d/s, 578; Z@?y, 277; and (B) 2U11, 231; 
ZUETAC, 300; ZU’#,278; and Z@$’, 193. Most of these half-lives were 
approximately the same as I and may indicate the facile renal elimination 
of these compounds. 
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Abstract  0 The in uitro release of phenacetin from microcapsules pre- 
pared using egg albumin as the membrane material was investigated. It 
was shown by scanning electron microscopy that the albumin micro- 
capsules have nonsmooth surfaces. The amount of phenacetin released 
is proportional to the square root of time up to 50-70% drug release. In- 
creases in the albumin concentration and 1-vinyl-2-pyrrolidinone polymer 
content in the aqueous phases used in the microcapsule preparation have 
an effect on matrix porosity and channel tortuosity in the matrix of al- 
bumin microcapsules. The in uitro release rate was found to decrease with 
increasing albumin concentration and 1-vinyl-2-pyrrolidinone polymer 
content in the aqueous phases. The in uitro release rate per unit area also 
decreased with decreasing capsule size. 

Keyphrases 0 Phenacetin-albumin microcapsules, release rate, con- 
trolling factors 0 Microcapsules, albumin-release rate of phenacetin, 
effects of albumin concentration, 1-vinyl-2-pyrrolidinone polymer con- 
tent, capsule size Delivery systems-albumin microcapsules, release 
rate of phenacetin, effect of albumin concentration, 1-vinyl-2-pyrroli- 
dinone polymer content, capsule size 

Delivery of a chemotherapeutic agent to desired target 
sites with drug carriers could achieve effective local drug 
concentration and minimize systemic side effects by re- 
ducing the therapeutic dose of the chemotherapeutic 
agent. When a drug carrier, such as liposomes, microcap- 
sules, and microspheres, is injected into the circulatory 
system, its distribution in the body is an important factor 
in drug delivery. The tissue distribution of albumin mi- 
crospheres has been studied in detail (1-3). In addition, 
alteration in the tissue distribution of albumin micro- 
spheres was examined using magnetic guidance (4, 5). 
Albumin microspheres prepared using a water-oil emul- 
sion have a hydrophilic matrix structure, consisting of al- 
bumin molecules, that is similar to that in albumin mi- 
crocapsules (6). 

However, despite many reports on the tissue distribution 
of albumin microspheres, the mechanism of drug release 

from minute drug carriers that have a hydrophilic matrix 
structure is not well known because there are few reports 
on drug release (7,8). This paper describes in uitro drug 
release from albumin microcapsules having a hydrophilic 
matrix structure and some controlling factors. 

EXPERIMENTAL 

Materials-Isooctane, dibasic potassium phosphate, monohasic so- 
dium phosphate, acetic acid, hydrochloric acid, and sodium acetate were 
reagent grade. Phenacetin powder (250-300 mesh) was used for mi- 
croencapsulation as the core drug. 

Egg albumin’ solution was prepared as follows: Albumin was dissolved 
in buffer solution [0.033 N KHzP04-0.033 N Na2HP04, 1:16 (v/v); pH 
8.01, and the solution was filtered after centrifugation a t  16,000 X g for 
30 min to remove the undissolved materials. The albumin concentration 
was either 10 or 20% (w/w). I-Vinyl-2-pyrrolidinone polymer‘ was dis- 
solved in the same buffer solution at 70’. The solution thus obtained (50% 
w/w) was stored in a refrigerator overnight and used for the preparation 
of aqueous albumin solutions containing the polymer. 

Measurement of Viscosity-Viscosities of both the albumin and 
mixed polymer solutions [prepared from 20% (w/w) albumin solution and 
50% (w/w) 1-vinyl-2-pyrrolidinone polymer solution] were measured a t  
2.5’ with a cone-plate type viscometer’ in a shear rate range of 50-3950 
sec-I. Viscosity values were calculated from the straight lines in rheo- 
grams. 

Preparat ion of Microcapsules-Albumin microcapsules were pre- 
pared by a method similar to that described in a previous paper (6). 
Phenacetin powder (10% v/v) was previously dispersed in albumin so- 
lutions with and without the polymer. To 100 ml of isooctane containing 
5.0% (v/v) sorbitan trioleate4 as an emulsifier, in a three-necked flask, 
was added 15 ml of each of the aqueous dispersions, with stirring. After 
further stirring for 10 min, the flask was immersed in a water bath 
maintained a t  85” for a given period to denature the egg albumin. The 
resultant dispersion was cooled to room temperature. 

’ Tokyo Kasei Kogyo Co., Tokyo, Japan. 
K-30; Tokyo Kasei Kogyo Co., Tokyo. Japan. 
Kheomat 3 0 ;  Contraves AG, Zurich, Switzerland. 
Span 85; Nikko Chemicals Inc., Tokyo, Japan. 
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