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Abstract The pectin-gelatin complex coacervate system was evaluated 
and characterized. The effects of final pH, mixing pH, colloid ratio, and 
solution concentration were investigated. A recovery procedure yielding 
microglobules of a controlled and uniform size in dry powder form which 
were readily revertible in water to a polydispersed suspension was de- 
veloped. The effect of various conditions and additives on the recovery 
morphology and size of the microglobules was evaluated. 
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and polytef-coated bar a t  a speed sufficient to produce a vortex without 
entrainment of air bubbles. Stock pectin and gelatin solutions of the same 
weight concentration were prepared by dispersing the colloids in cold 
water, stirring for 30 min in a water bath a t  45" and storing a t  5" for no 
more than 24 hr before use. Appropriate weights of stock solutions of the 
same concentration were individually to the mixing pH with 
1.0 N NaOH a t  45' to give the desired pectin to gelatin ratio. The gelatin 
solution was added to the pectin solution with stirring, and after 2 min 
the pH was lowered by fast addition of 0.5 N HCI to pH 5, then by slower 
addition of 0.5 N HCI until the desired pH, was reached. The batch was 
stirred for 30 min then 5 ml of 37% (w/w) HCHO was added with stirring. 
After 30 min of stirring under ambient conditions, the batch was covered 
with paraffin film and allowed to stand for 15-20 hr. The batch was then 

The complex ionic relations of the gelatin-acacia coac- 
ervate system have been established and reported previ- 
ously (1-3) and have been used successfully in the mi- 
croencapsulation of solids as well as liquids (4-10). Until 
recently (91, it was difficult to control the morphological 
characteristics of and recover a free-flowing powder of 
unagglomerated microglobules which were spontaneously 
dispersible in aqueous solutions. Therefore, it seemed 
desirable to develop a complex coacervate system from 
pectin and gelatin capable of yielding spherical globules 
of a uniform size that could be controlled for possible ap- 
plication as a pharmaceutical delivery system in parenteral 
or other products. 

Although complex coacervation of the gelatin-pectin 
system was initially reported by Bungenberg de Jong (1) 
and employed as the basis of one patent in 1966 (ll), the 
system has apparently received no further attention until 
this study. Studies of pectin-albumin (12) and pectin- 
polyethylenimine (13) have, however, been reported. This 
study was, therefore, undertaken to evaluate and charac- 
terize the fundamental complex ionic relations between 
the amphoteric protein, type A gelatin, and the low 
equivalent weight anionic colloid, pectin, with special 
emphasis on the effects of pH of coacervation (pH,), 
mixing pH (pH,), colloid ratio, and solution concentration 
on microglobule morphology, size, percent yield, and re- 
covery technique yielding a free-flowing powder which was 
redispersible in water. 

EXPERIMENTAL 

Materials-Type A gelatin' and pectin, NF', were used in solutions 
containing 1% (w/w) benzyl alcohol for preservation. Formaldehyde so- 
lution, USP, glycerin, 99.6%, and isopropyl alcohol, 99%. were used in the 
recovery of microglobules in dry powder form. These and other reagents 
were of analytical reagent grade and were used as received. 

Preparat ion and Recovery of Coacervates-Coacervates were 
prepared a t  45" from 40.0-g batches stirred by means of a magnetic stirrer 
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Figure 1-Coacervate yields versus pH, for isovolumetric (20 ml) 2% 
(w/w) gelatin and pectin solutions a t  pH, 9.0. Key: 0, yield in milliliters 
after centrifugation a t  2000 rpm for 60 min; A, yield of recovered dry 
microglobules, grams. 

Beckman Century SS-1 pH meter, Reckman Instruments, Fullerton, Calif. 
Miniature glass 476031 and calomel 476017 electrodes. Corning Scientific 

Products Co., Medfield, Mass. 
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Table I-Effect of pH, on Diameter of Spherical  Microglobules 
Produced from Isovolumetric Coacervates of 2% (w/w) Pectin 
(20 ml) and Gelatin (20 ml)  Solutions Adjusted to pH, 3.8 a t  45" 
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stirred to resuspend any sedimented microglobules, and 40 g of the sus- 
pension was centrifuged at  1000-2000 rpm for 15-60 min, depending on 
microglobule size and morphology. The supernate was then decanted. 
The microglobules were resuspended in 5 ml of glycerin with a vortex 
mixer and 35 ml of isopropyl alcohol or other flocculating agent was slowly 
added while mixing. The flocculated microglobules were then filtered 
using a Buchner funnel and filter paper5, washed with two 100-ml por- 
tions of isopropyl alcohol and dried for 15-20 hr in an oven a t  36 *lo. 

Effect of Colloid Concentration-Pectin and gelatin solutions of 
1.0, 1.5,2.0,2.5, and 3.0% (w/w) concentration were used. Batches were 
prepared by combining 20-g portions of each solution in order to give a 
colloid ratio of 1:I (w/w). Coacervation was carried out for three pH, 
values, 8.0,9.0, and 10.0, over a pH, range of 5.0-2.6, and evaluated for 
weight percent yield and microglobule morphology a t  lOO0X under a 
microscope. 

Effect of Colloid Ratio-Pectin to gelatin colloid ratios >1:1 were 
not studied because the average size of microglobules produced was <1 
pm and, consequently, difficult to recover in dry form. The pectin-gelatin 
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Figure  2-Coaceruate yield versus solution concentration for isograv- 
imetricgelatin and pectin solutions adjusted to  p H ,  oalues of 8.0,9.0, 
and 10.0 and coacervated to p H ,  3.5. Key: 0 ,  p H ,  = 8.0; 0, p H m  = 9.0; 
A, p H ,  = 10.0. 
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Figure 3-Coaceruate yield (left ordinate) and microglobule diameter 
(right ordinate) versus p H ,  for isogravimetric (20 g) 2'16 (wlm) gelatin 
and pectin solutions adjusted t o  p H m  values of 8.Q9.0, and 10.0. Key: 
0, p H m  = 8.0; 0, p H ,  = 9.0; A, p H m  = 10.0. 

ratios studied, a t  a 2% (w/w) total colloid concentration, were 15,25,30, 
33,40, and 50% pectin fractions of total colloid. Coacervation was carried 
out according to the pH, and pH, conditions listed above. Microglobule 
morphology and weight percent yield were evaluated. 

Effect of Additives on Recovery-Batches weighing 40.0 g were 
prepared from 2.09'0 (w/w) solutions to give a pectin-gelatin mixing ratio 
of 33:67%, and adjusted to a pH, of 10.0 and pH, of 4.5. 

Glycerin volumes of 5, 10, 15,20, 25, and 30 ml were slowly added to 
individual batches while mixing, with stirring a t  45' after achieving pH, 
4.5. 

Volumes of 37% (w/w) HCHO (adjusted to pH 5.0) of 2.5,5.0,7.5,10.0, 
12.5, and 15.0 ml were added to individual batches at 20" after achieving 
pH, 4.5. The effect of formaldehyde treatment time was determined by 
adding 15 ml of 37% (w/w) HCHO and stirring for 1, 3,7,9,12,24,36, and 
54 hr. 

Glycerin, propylene glycol, polyethylene glycol, 50% (v/v) isopropyl 
alcohol in distilled water, and distilled water were evaluated as redis- 
persing media. Volumes of 5 ml of each were added to individual batches 
after centrifugation and decantation of the supernate. 

The effect of various water miscible flocculating agents was determined 
by adding to individual batches 35 ml of isopropyl alcohol, 1-propanol, 
ethanol, methanol, and acetone. 

All batches studied for the effect of additives on recovery were evalu- 
ated as to their dry product characteristics, such as coherence and fria- 
bility, and redispersibility in distilled water. 

RESULTS AND DISCUSSION 

Until the effect of pH, was elucidated, previously reported complex 
coacervation procedures, particularly for the gelatin-acacia system, were 
applied to the gelatin-pectin system with little success. Some results of 
this exploratory phase are summarized in Table I. As reported previously 
(14), mixing of isohydric solutions (pH 3-4) does not change tbe system 
pH significantly, a fact demonstrated in this study but also one that 
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Figure 4-pHC of maximum microglobule yield versus total colloid 
concentration in pectin-gelatin (1: l )  coaceruates prepared from solu- 
tions adjusted t o  p H ,  values of 8.0, 9.0, and 10.0. Key: 0, p H ,  = 8.0; 
0, p H ,  = 9.0; A p H ,  = 10.0. 

yielded such small globules as to he hardly resolvable under the micro- 
scope a t  1000X. The method of Luzzi (4), mixing of isohydric (pH 6.5), 
isovolumetric solutions then adjusting the pH of the mixture with acid 
to the desired endpoint (pH 3.8), resulted in a marked increase in globule 
diameter to -1 pm. The method of Newton (9), mixing of isovolumetric 
solutions, gelatin (pH 10) and pectin (pH 3.6), then adjusting the pH of 
the mixture with acid to the desired endpoint (pH 3.8), gave comparable 
results. These results suggested the possible involvement of the mixing 
pH in the control of microglobule size which was confirmed in a series 
of experiments where isohydric, isovolumetric solutions were adjusted 
l o  pH 7.0,8.0,9.0,9.5, and 10.0 before mixing and coacervation to pH 3.8. 
The mean globule size increased from 2 to 10 pm as the mixing pH was 
increased from 7-10 (Table I). 

Volume measurements of coacervate phases were impractical due to 
the noncoalescence of the globules into a continuous phase. A comparison 
of sediment volume of microglobules after centrifugation with yield based 
on dry weight as a function of pH, is given in Fig. 1. The increasing 
sediment volume a t  pH,. <3.4 is attributed to a change in morphology 
from globular to elliptical particles having a lower packed density and 
greater hydration. Therefore, dry weight recovery was adopted to measure 
microglobule yields in all subsequent experiments. 

Effect of Colloid Concentration-The results of studies to determine 
the effects of total colloid concentration on coacervate yield for solutions 
having equal concentrations of pectin and gelatin showed that maximum 
yield was obtained a t  a total colloid concentration of -2% (w/w) for the 
mixing of isohydric, isogravimetric solutions coacervated to pH, 3.5 (Fig. 
2). The increasing efficiency of coacervation with increasing total colloid 
concentration up to a maximum of -2.0% probably resulted from in- 
creased reactivity of the gelatin and pectin linear molecules as the forces 
of intramolecular aggregation limiting their movement were minimal. 
Above 2% (w/w).of total colloids, the decreasing efficiency of coacervation 
arises from an increasing salt or gegenion (e .g . ,  Na+, Ca2+, C1-) concen- 
tration which insulates the oppositely charged colloids, suppressing 
coacervation and increasing the mutual solubilities of the coacervate and 
equilibrium solution phases (14). 

Figure 3 shows the relationship for the 2% colloid concentration be- 
tween percent yield6 and microglobule morphology as a function of pH, 

Expressed as percent (w/w) of the total mass of pectin and gelatin in the roac- 
ervate system. 

Table  11-Effect of Glycerin on the Morphology and Powder 
Characterist ics of Pectin-Gelatin Microglobules Recovered 
from Coacervate Systems Prepared from 2% (w/w) Pectin- 
Gelatin (33:67) at pH, 10.0 and PH,. 4.5 

Recovered Microglobule Characteristics 
Glycerin, Dimension, Product 
%, w/wa Morphologyh pm' Characteristics 

0 S 11 C 
13.5 S 14 C 
25.1 S 12 C 
31.9 S 13 C 
49.1 E 22 F 
56.1 E 20 F 
72.4 E 21 F 

Percent by weight ol'coacervate system after achieving pH, 4.5. * S-spheres; 
E-ellipsoids. l' Maximum dimension 0 1  largest particle in field of view at IOOOX 
magnificatir)n. d C, roarse powder; F, fine, light powder; both sp~)ntaneously re- 
vertihle to individual units in aqueous suspension. 

for pH, values of 8.0,9.0, and 10.0. Microglobule size increased as the 
pH, decreased, until the maximum yield was reached, a t  which point the 
shape was transformed from spherical to ellipsoidal or amorphous. 

The dependence of microglobule size on pH, a t  fixed pH, likely arises 
from the fact that  as the pH,. is lowered, the relative ratio of pectin to 
gelatin increases in the coacervate. Furthermore, the more intense 
complex ionic relations of the pectin-gelatin uersus the acacia-gelatin 
system would cause a greater coacervate reduction in the water content 
of the coacervate and a total coacervate colloid concentration >lo%, a 
value reported for the gelatin-acacia system (15), thereby affecting 
droplet size and solubility'. 

As the system is adjusted to lower pH,, the number of anionic charges 
on pectin decreases while the number of cationic charges increases on 
gelatin, resulting in more and more pectin being required for an equiva- 
lent uhion with gelatin. Therefore, at high pH, values, the combination 
of both a high total colloid concentration and a low pectin-gelatin ratio 
in the coacervate resulted in stabilization of the coacervate drops as a 
result of a high viscosity and partial gelling of the microglobules pre- 
cluding their coalescence. As the pH, was lowered, the pectin-gelatin 
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Figure 5-C'oaceruate yield versus pectin-gelatin and pectin solutions 
adjusted t o  p H ,  values of 8 0 , 9  0, and 10 0 and coacervated to  p H ,  3,5 
K e v  0, p H ,  = 8 0, 0, p H ,  = 9 0, A,  pH, ,  = 10 0 

The lower the equivalent. weight of anionic colloid the higher is its charge density 
and, thus. the stronger are its complex ionic relatinns with cationic gelatin. The 
equivalent weights of acacia and pectin (pectate) are 1200 and 200, respectively (1, 
15). 
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Figure 6-Coacervate yield (left ordinate) and microglobule diameter 
(right ordinate) versus pH,  for coacervate systems prepared from a 33:67 
gravimetric ratio of 2% (wlw) pectin and gelatin solutions, respectively, 
adjusted to p H ,  values of 8.0,g.O and 10.0. Key: 0, p H ,  = 8.0; 0, p H ,  
= 9.0; A, p H ,  = 10.0. 

ratio in the coacervate increased allowing microglobule growth to proceed 
further before an equilibrium sphere occurred at  a higher equilibrium 
size. 

Microglobule size increases with decreasing pH, and with increasing 
pectin-gelatin ratio in the coacervate, probably as a result of increasing 
coacervate viscosity until the stabilizing forces become too weak to pre- 
vent deformation of the microglobules by the stirring forces. This results 
in ellipsoidal particles which cannot readily return to the spherical state 
because of their very viscous and gel-like state and finally amorphous 
particles as a result of agglomeration and partial coalescence of ellipsoidal 
particles. The microglobules are further stabilized from coalescing into 
a single phase by the anionic charge they acquire as they form above the 
optimum pH,. As for the gelatin-acacia system (16), as the PH, is low- 
ered, the net charge on the microglobules remains negative because of 
the predominance of dissociated carboxylate groups on pectin and gelatin 
as opposed to cationic amino groups on gelatin. 

The pronounced effect of pH, on microglobule morphology is probably 
related to the pectin-gelatin ratio in the coacervate and the gegenion 
concentration. I t  has been reported that pectin molecules in solution exist 
in a high state of aggregation in solutions >0.1%, as a result of suppressed 
ionization of carboxyl groups (17). I t  was found through titration and pH 
versus viscosity studies of 2% solutions a t  45' that some carboxyl groups 
are not readily ionizable until pH 7.5, above which such solutions show 
a sharp decrease in viscosity, which can be attributed to  increased re- 
pulsive forces tending to further lower the degree of aggregation. 
Therefore a t  pH, 8.0 in 2% (w/w) solutions, the reactivity of pectin with 
gelatin is limited by the higher degree in intramolecular aggregation as 
compared to that a t  higher pH,, i .e.,  9.0 or 10.0. Subsequently, this re- 
sults in a lower pectin-gelatin ratio a t  pH,. As the pH, is raised >8, 

4 0 ,  R 
4.9 I I I I 1 I ,  1 1 I 

10 20 30 33 40 50 
PECTIN FRACTION, % 

Figure 7-pHC of maximum yield versus pectin weight fraction of total 
colloid in coacervates prepared from 2% (wlw) gelatin and pectin so- 
lutions adjusted to p H ,  values of 8.0,9.0, and 10.0. Key: 0, p H ,  = 8.0; 
0, p H ,  = 9.0; A, p H ,  = 10.0. 

deaggregation of pectin increases, permitting more pectin molecules to 
react with gelatin molecules and microglobules and higher yields. 

Figure 4 indicates that as the solution concentration increases, the pH, 
of maximum coacervation decreases; an observation also made previously 
(14) for gelatin-acacia coacervates. Again, as the concentration of solu- 
tions increases, so does that of the accompanying gegenions which sup- 
press coacervation. Hence, pH, must be lowered to increase the cationic 
charge on gelatin, while causing a smaller decrease in the anionic charges 
on both pectin and gelatin. 

As expected, there was a linear relationship between the volume of 0.5 
N HCl added and pH,, verifying that the complex ionic relations between 
pectin and gelatin were stoichiometric and rapid (9, 18). 

Effect of Colloid Ratio-On the basis of results obtained in studies 
of the optimum total colloid concentration to maximize microglobule 
yield, 2% (wlw) was used in evaluating the effect of varying pectin-gelatin 
ratios of 1585,25:75,33:67,40:60, and 5050. Figure 5 indicates that  the 
maximum yield was obtained a t  a colloid ratio of pectin-gelatin (33:67) 

Table 111-Flocculation Rates  by Four  Alcohols and Acetone of 
Coacervate Microglobules Prepared from 2% (w/w) Pectin- 
Gelatin (33:67) at pH, 10.0 a n d  pH, 4.5 

Relative 
Flocculating Flocculation Product 

Agent Raten Characteristics* 

1-Propanol 5 C, D 
Isopropyl alcohol 4 C, D 

3 G ,  N Ethanol 
Methanol 2 F, N 
Acetone 1 F. N 

Rate increases from 5 t o  1. * C, coarse powder; I), spmtaneouslg tliipersihle 
to individual spheres in water; G ,  granular powder; N. not dispersible as individual 
spheres in water; F. fused filter cake mass 
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Figure 8-Pectin-gelatin microglobules having nominal diameters of 
5,10,20, and 30 pm. 

for the mixing of isohydric solutions coacervated to a pH, of 3.5. The 
percent yields of microglobules ranged from -70-80% of total colloids 
available, indicating a high reactivity in the complex coacervate 
system. 

The fact that a t  a 15% pectin fraction the maximum yield was higher 
than expected is misleading because the microglobules or amorphous 
particles obtained were highly vacuolated, containing uncoacervated 
colloid-rich liquid, referred to as hollow spheres (19). 

Figure 6 demonstrates the relationship for 2% (w/w) solutions between 
percent yield, microglobule diameter, and pH, for pectin-gelatin colloid 
ratios of 33:67 at  pH, values of 8.0,9.0, and 10.0. The microglobule di- 
ameter increased by -3.3 pm/O.l pH unit decrement, i.e., from 20-40 pm 
as pH, was lowered from 4.0 to 3.6 a t  pH, 10.0. Microglobule diameter 
increased proportional to increasing pH, and decreasing pH, probably 
for the same reasons previously discussed. At pH < pH, of maximum 
yield, the globules became elliptical and amorphous. 

Figure 7 shows that as the pectin fraction increased in coacervate 
systems of 2% (w/w) colloid concentration, the pH, of maximum coa- 
cervation decreased from pH, 8.0,9.0, and 10.0. 

Figure 8 shows typical microglobules having nominal diameters of 5, 
10, 20, and 30 pm demonstrating control of microglobule size and the 
ability of spontaneously reverting to a polydisperse system like that of 
the gelatin-acacia microglobules in a figure from a study published 
previously (9). 

Effect of Additives on Recovery-The effect of glycerin added to 
coacervate systems at  45O after achieving pH, is shown in Table 11. With 
the addition of 249% (w/w) glycerin, ellipsoidal particles were obtained, 
a possible result of partial dehydration of the pectin and gelatin molecules 
in the coacervate and of increased intramolecular association, resulting 
from the decreasing dielectric constant of the system. A similar result 
was found with gelatin-acacia coacervates where from 23 to 41% (v/v) 
of glycerin yielded nonvacuolated, spherical microglobules, but >44% 
(v/v) glycerin resulted in vacuolated ellipsoids (20). In the pectin-gelatin 
system, glycerin improved the fineness of the dry recovered powder, but 
had no apparent effect on the dispersibility of the microglobules in 
water. 

The results of formaldehyde treatment of the microglobules showed 
that a t  least 10 ml of 37% HCHO, preferably 15 ml, per 40-g batch pre- 
pared from 2% (w/w) pectin-gelatin solutions (33:67) was required to 
obtain microglobules in dry powdered form spontaneously revertible to 
a dispersed suspension in water. This result was comparable to that for 
gelatin-acacia microglobules (9). A minimum formaldehyde treatment 
time of 9 hr was required to obtain redispersible microglobules prepared 
by the previously mentioned conditions. 

Glycerin, propylene glycol, and polyethylene glycol were equally sat- 
isfactory as redispersing media for the formaldehyde treated, unfloccu- 
lated, sedimented microglobules. Water and 5070 (vh )  isopropyl alcohol 
yielded a finer dry powder, but the rate of filtration of the centrifuged 
sediments was unacceptably lengthened. 

The flocculation rates of the microglobules, by 35-ml portions of four 
aliphatic alcohols and acetone added to the centrifuged sediments of 
microglobules (-3-4 ml, Fig. 1) resuspended in 5 ml of glycerin after 

preparation from 2% (w/w) pectin and gelatin solutions according to 
previously specified conditions, are described in Table 111. Flocculation 
by only I-propanol and isopropyl alcohol elicited microglobules spon- 
taneously dispersible in aqueous suspension, whereas ethanol, methanol, 
and acetone resulted in filter cakes which were not revertible to sus- 
pensions of individual microglobules in water. Although these results 
corroborate those for gelatin-acacia (9) and gelatin (21) coacervate 
products, there is no readily discernible relationship, e.g., with dielectric 
constant, t8. The greater dehydration of pectin and some remaining hy- 
drophilic groups on gelating by ethanol, methanol, and acetone, resulting 
from their stronger hydrogen bonding affinity for water, could explain 
the apparent intramolecular-intermolecular colloid aggregation and the 
failure of the microglobules to disperse as individual units upon sus- 
pension in water. 

CONCLUSIONS 

Based on these studies, i t  was possible to recover microglobules of 
controlled and uniform diameter from complex coacervates of pectin- 
gelatin by regulating the concentrations of pectin and gelatin solutions, 
pH,, pH,, and the pectin-gelatin ratio as well as certain additives. The 
spherical microglobules so obtained are spontaneously revertible to a 
dispersed system upon suspension of the powdered products in aqueous 
solutions. 
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Abstract The pharmacokinetic profile of progabide was investigated 
in five chronically catheterized male rhesus monkeys. The experimental 
design included single-dose intravenous bolus and oral administration 
a t  two dose levels (50 and 100 mg) and zero-order intravenous infusion 
for 7 days. Plasma samples were analyzed by electron-capture-GLC. 
Protein binding of the drug was determined by equilibrium dialysis (4'). 
A one-compartment open model with monoexponential decay was pro- 
posed to describe the pharmacokinetics. The mean parameters ( fSEM)  
of the 50- and 100-mg iv bolus were: total body clearance, 2.09 (f0.15) 
and 1.53 (f0.18) liter/hr/kg; half-life, 0.656 (f0.054) and 0.789 (f0.079) 
hr; distribution volume, 1.97 (f0.08) and 1.79 (f0.21) literkg. Progabide 
was highly bound to plasma proteins and also to erythrocytes. The drug 
was rapidly absorbed (TmaX < 1 hr a t  both doses). The mean bioavail- 
ability was attributed principally to a first-pass effect. In the constant 
rate infusion study, systemic clearance was larger than that of the single 
dose studies. 

Keyphrases 0 Progahide-pharmacokinetics in rhesus monkeys, plasma 
bioavailability Bioavailability-pharmacokinetics of progabide in 
plasma of rhesus monkeys Pharmacokinetics-bioavailability of 
progabide in plasma of rhesus monkeys Electron-capture-GLC- 
determination of progabide in rhesus monkey blood plasma, bioavail- 
ability, pharmacokinetics 

Progabide' is a new y-aminobutyric acid-mimetic drug 
with a broad spectrum of anticonvulsant activity (1-6). 
Progabide was designed to be a carrier of y-aminobuty- 
ramide into the central nervous system where it would be 
broken down and release y -aminobutyramide. 

The present study was undertaken to characterize the 
pharmacokinetic behavior of progabide in the rhesus 
monkey in view of its efficacy testing in the chronic epi- 
leptic monkey model. 

EXPERIMENTAL 

Five healthy male rhesus monkeys (Macaca mulatta) (2.7-3.8 kg) were 
used in this study. The monkeys were maintained on fresh fruits and 
monkey chow and chaired for the duration of the study. Each monkey 
had two chronic catheters, one for drug administration (femoral vein) 
and one for blood sampling (jugular vein). The experimental design in- 
cluded single-dose and chronic administration studies. In the single-dose 
studies, each monkey received 50 or 100 mg of the drug intravenously and 
orally in a randomized fashion. The drug was dissolved in 100% poly- 
ethylene glycol 40O2 at  concentrations of 25 and 50 mg/ml. Two milliliters 
of this solution was injected over 5 min through the femoral vein or ad- 
ministered by intranasal gastric intubation. Fourteen (50-mg dose) or 
15 (100-mg dose) blood samples were collected over a 5-6-hr period. 
Ethylenediaminetetraacetic acid tripotassium salt was used as an anti- 

SynthClaho-L.E.R.S., Paris, France. 
J.  T. Baker Chemical Co., Phillipshurg, N J  08865. 

coagulant, and the blood samples were stored in ice. They were centri- 
fuged a t  4' and the separated plasma was frozen immediately. The 
samples were kept frozen until assayed. Some blood samples were also 
frozen to determine the blood level of the drug and the total blood 
clearance in each monkey. 

I 
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I 
c1 

0 

I 

The chronic administration studies consisted of constant rate intra- 
venous infusion for 7 days. The drug was dissolved in 80% polyethylene 
glycol 400 a t  a concentration of about 3 mg/ml (1.91-3.84 mg/ml), and 
the infusion rate was 1 ml/hr. Blood samples were collected during the 
accession to steady state (0-6 hr), on a daily basis during steady state, 
and during the post steady-state decay phase. 

Protein binding of progabide was measured by equilibrium dialysis 
a t  4' to minimize the degradation of drug in plasma. A volume of 0.7 ml 
of pooled monkey plasma, and an equal volume of isotonic phosphate 
buffer system (pH 7.41, were used. The dialyzing system consisting of 
plexiglass cells was rotated a t  a rate of 10 rev/min for 12 hr. The dialysis 
was carried out with spiked plasma samples with concentrations ranging 
from 0.4 to 34.6 pg/ml (determined postdialysis). The drug on both sides 
of the membrane was analyzed by electron-capture-GLC. 

Progabide concentrations were determined by the method of Gillet 
and Dring3 using a GLC equipped with electron-capture detector4. The 
column consisted of 3% OV-17 on Chromosorb W-HP (column length 
was 184.3 cm and 2-mm i.d.). Temperatures of detector, injection port, 
and oven were 300,250, and 240°, respectively. An analog of progabide, 
[a-(chloro-4'-phenyl)chloro -5- hydroxy-2-benzylideneamino]-4-butyr- 
amide, was used as the internal standard. 

Areas under intravenous and oral curves were calculated by the trap- 
ezoidal method (with extrapolation to infinite time). Systemic clearance 
was determined by dose-area ratio. Oral bioavailability was calculated 
by ratio of oral and intravenous areas. 

Unpublished method, 1978. 
Model 5710A. Hewlett-Packard. Palii Alto. CA 94304. 
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