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Figure 1-Relationship between the fraction of a 20-mglkg iu  dose of 
sulfisoxazole excreted in the urine as metabolites and the free fraction 
of sulfisoxazole in serum. Data were obtained from 13 rats (6). The 
correlation coefficient is 0.68; p < 0.02. 

types of processes: 

C ~ T  = fkg(1 - F )  + k:(1 - F )  + fClm intrinsic (Eq. 4) 

and the fraction of a dose metabolized is equal to 
f c l m  intrinsic divided by all of the terms on the right side of 
Eq. 4. Dividing the numerator and denominator of that 
ratio by f yields: 

0%. 5) C1m intrinsic 

k’(1 - F )  
kg(1 - F )  + C l m  intrinsic + - 

F,,, = 

f 
Examination of Eq. 5 reveals that as f increases, F,,, also 
increases. Thus, the fraction of a dose of drug converted 
to metabolite(s) increases if the serum protein binding of 
that drug is decreased in blood flowing through the elim- 
inating organs (5)l. This conclusion applies only to drugs 
that are excreted in part by a process whose rate is pro- 
portional to the total rather than the free drug concen- 
tration in plasma or serum while the rates of other, parallel 
elimination processes are proportional to the free drug 
concentration. Sulfisoxazole appears to exhibit such 
characteristics in rats (6). 

In 13 male Sprague-Dawley rats receiving a single in- 
travenous injection of 20 mg of sulfisoxazolekg, the frac- 
tion of the dose recovered in the urine as metabolites 
ranged from 0.042 to 0.152 and f ranged from 0.0518 to 
0.235 (6). Drug concentrations in serum declined biexpo- 
nentially with no downward curvature, which would occur 
if renal excretion, the major pathway of elimination, were 
saturable in the concentration range studied. Reexami- 
nation of the experimental data revealed a significant 
positive correlation between F,  and f (Fig. l), as predicted 
by Eq. 5. 

One important implication of these findings relates to 
the mechanism of certain drug interactions. Increased 
conversion of a drug (A) to its metabolite(s) caused by prior 
or concomitant administration of another drug (B) usually 

will be interpreted as resulting from either induction of 
biotransformation or inhibition of the renal clearance of 
A. However, if Drug B displaces Drug A from plasma 
protein binding sites, then the increased biotransformation 
of Drug A also could occur by the mechanism described in 
this communication. Another implication concerns the 
effect of the dose or dosing rate on the metabolic fate of a 
drug. For drugs that exhibit significant concentration 
dependence of plasma protein binding ( f  increases with 
increasing drug concentration), F, may increase with in- 
creasing dose or dosing rate due to decreased protein 
binding. 
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Polyethylene Glycols as Solvents in 
Implantable Osmotic Pumps 

Keyphrases Polyethylene glycols-use as solvents in implantable 
osmotic pumps 0 Solvents-polyethylene glycols, use in implantable 
osmotic pumps 0 Drug delivery systems-implantable osmotic pumps, 
use of polyethylene glycols as solvents 

To t h e  Editor: 
Implantable osmotic pumps1 are useful for short-term 

delivery of water-soluble drugs and hormones (1-4). 
However, many compounds such as steroids are too in- 
soluble in water to be administered as aqueous solutions 
(5). Although 5% ethanol and 5% dimethyl sulfoxide in- 
crease the concentration range over which lipophilic 
molecules can be delivered (6), the maximum dose still is 
quite low. Polyethylene glycols 400 and 600 are excellent 
solvents for many steroids (Table I) (1,5) and also are 
useful in uiuo since they have very low toxicities (7). The 
objective of these experiments was to evaluate the suit- 
ability of polyethylene glycols as solvents with implantable 
pumps in uiuo. Since the polyethylene glycols are known 
to influence fluid balance in uiuo, the potential effects of 
the solvents and the pumps also were examined. 

The ability of the pumps to function in viuo with poly- 
ethylene glycols as solvents was evaluated in two ways. 
Mineralocorticoids are known to induce the amiloride- 

’ The opposite would occur if biotransformation is blood flow rate limited while 
the renal excretion rate is proportional to the free drug concentration in plasma. Model 1701, Aha Corp., Palo Alto, CA 94304. 
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Compound 

Solubility at 37', gAiter 
Polyethylene Polyethylene - -  - -  

Glycol Glycol Soybean 
400 600 Oil 

Aldosterone 
Corticosterone 
Desoxycorticosterone acetate 
Dexamethasone acetate 
178-Estradiol 
Hydrocortisone 
Progesterone 
Spironolactone 
Testosterone 

~ ~ ~~~~ 

83 f 4 (2) 
26 f 2 (3) 
24 f 2 (3) 
45 f 2 (4) 

116 f 4 (3) 
15 f 2 (3) 
27 f 2 (3)  
46 f 3 (4) 
39 f 2 (4)  

NI>* 
26 f 2 (3) 
28 f 2 ( 3 )  
42 f 2 (3) 
97 f 4 (3) 
24 f 2 (3) 
32 f 2 (4) 
44 f 2 ( 3 )  
42 f 2 (3) 

ND 
3.0 

14 
1.4 
1.6 
0.9 

19 
8 

10 

Table 11-Ability of Polyethylene Glycol-Solubilized Steroids to 
Induce Amiloride-Sensitive Sodium Transport in the Rat Colon a 

Amiloride- 
Sensitive 

Average Sodium 
Dose, Transport, 

Animals Treatment MunJkahr 70 total 

Control Untreated 
Control Glass rod 
Control Pumps with solvent 
Control Aldosterone 
Control Aldosterone + 
Control Spironolactone 
ADX Untreated 
ADX Glass rod 
ADX Pumps with solvent 
ADX 

spironolactone 

A 1 do s t e r o n e 

5.7 
6.0 + 193 

164 
- 
- 
- 

4.3 

9.0 f 2.8 (8) 
7.2 f 1.3 (3) 

22.6 f 5.8 (5) 
76.6 f 6.4 (4) 
36.3 f 15.8 (3) 

15.3 f 6.6 (3) 
1.9 f 1.9 (5) 
2.6 f 0.8 (5) 
3.6 f 0.7 (4) 

74.1 f 15.4 (3) 

sensitive sodium transport system in the luminal mem- 
brane of the rat colon (8-10). The ability of aldosterone 
administered by the osmotic pumps to induce the amilo- 
ride-sensitive sodium transport system was examined 
initially. Sodium transport was estimated in uitro as the 
short-circuit current, and amiloride sensitivity was judged 
by the ability of 25 p M  amiloride2 to inhibit the observed 
short-circuit current when added to the mucosal side of the 
tissue (10). 

After 3-7 days of aldosterone3 infusion (Table II), 77% 
of the short-circuit current was inhibited by amiloride 
while only 7% of the short-circuit current was sensitive to 
amiloride in the untreated animals. This effect was due to 
aldosterone since it could be suppressed by the aldosterone 
antagonist spironolactone. Since the half-time of the a- 
miloride-sensitive sodium transport system in the absence 
of aldosterone is -12 hr (lo), aldosterone must have been 
released from the pumps for the entire infusion period (up 
to 7 days). 

The effectiveness of the pumps also was tested by 
measuring the weight change of male rats during the ad- 
ministration of 170-estradioP. Estrogens are known to 
cause a weight reduction in male rats (11-13). Adrenalec- 
tomized (ADX) rats4 treated for 6 days with pumps con- 
taining only polyethylene glycol gained 32.2 f 6.6 g (mean 
f SEM, n = 3); the adrenalectomized rats treated with 145 
pg of 17P-estradiol/kg/hr lost 22.3 f 5.8 g ( n  = 3). 

These results indicate that polyethylene glycols are ef- 
fective solvents for use with osmotic pumps in uiuo. 

Although relatively large volumes of polyethylene glycol 
(-3 ml/kg) may perturb the fluid balance when injected 
into the peritoneal cavity (14, 15), the quantity of poly- 
ethylene glycol delivered by the pumps (5-10 pllkglhr) (1) 
probably is too low for this problem to be significant. The 
slight elevation of amiloride-sensitive sodium transport 
observed with control animals4 with intact adrenal glands 

when compared to control animals with sham pumps (glass 
rods) (Table 11) is due to effects of the pumps. The pumps 
probably act as fluid sinks, reducing the extracellular 
volume, stimulating the renin-angiotensin system, and 
causing a slight elevation of the endogenous aldosterone 
levels. This increase in the circulating aldosterone con- 
centration causes the amiloride sensitivity of the colon to 
be elevated over that of the sham pump-treated controls 
(23 uersw 7%). The renin-angiotensin-aldosterone system 
probably is responsible for this effect since it was reduced 
by treatment with spironolactone (Table 11) and was 
abolished in the adrenalectomized animals. Although the 
pump-mediated increase in the activity of the renin- 
angiotensin-aldosterone system is small, these results 
serve to advise potential users of osmotic pumps that 
sufficient controls are important. 

Osmotic pumps are useful for studies of drug efficacy 
in uiuo where the actual rate of drug treatment must be 
maintained over a relatively long period to compare the 
potency of different compounds adequately. When utilized 
with appropriate controls, polyethylene glycols greatly 
expand the usefulness of these pumps to otherwise insol- 
uble lipophilic compounds. 
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Disintegration Test for 
Hard Gelatin Capsules 

Keyphrases Disintegration-hard gelatin capsules, modification of 
USP and NF tests for tablet disintegration 0 Dosage forms-hard gelatin 
capsules, disintegration test, modification of USP and NF tests for tablet 
disintegration 

To the Editor: 

A proposed disintegration test procedure for capsules 
was published in the USP XX Comment Proof (Vol. 3, No. 
56) dated August 14,1978. This procedure was based on 
a series of collaborative studies conducted by the Disin- 
tegration Test Review Committee of the Pharmaceutical 
Manufacturers Association (PMA) Quality Control Sec- 
tion. Highlights of these studies are presented in this 
communication. 

The USP and NF describe disintegration tests for five 
tablet categories. The PMA project was aimed at  devel- 
oping a similar test for hard gelatin capsule produds using 
the apparatus and methodology for tablet disintegration 
with as few changes as necessary. Three test samples (No. 
2 hard gelatin capsules containing 0.5,1.0, and 1.5% mag- 
nesium stearate in lactose) were used in the studies to 
evaluate procedure variables. Comments on each variable 
follow. 

A cross section of disintegration baskets used in industry 
was examined. The baskets generally fell into two cate- 
gories: those with notched shafts and those having shafts 
equipped with hooks. The former type provides a rigid 
mounting to the motorized device, and the motion is pri- 
marily vertical; the latter basket type provides a nonrigid 
attachment where the motion is both vertical and rota- 
tional. Studies showed that the mounting mode had no 
influence on the test results. Disintegration times were 
identical, within normal variation, regardless of the type 
of mounting used. 

The disintegration time of the three test samples could 

not be differentiated when the plastic disks described in 
the USP and NF were placed into the basket-rack assem- 
bly. The disintegration time for each sample was -3 min. 
By eliminating the disks and placing a 10-mesh wire screen 
on top of the baskets to retain the capsules within the 
tubes, the disintegration times for the 0.5, 1.0, and 1.5% 
samples were 12,25, and 39 min, respectively. 

The compendia are not specific about the disintegration 
test vessel. Committee members reported that both the 
size of the vessel and the volume of the test vehicle affected 
the hydrodynamics of the system, thereby influencing the 
disintegration rate. A 1000-ml, low-form beaker containing 
-900 ml of medium was the most convenient and com- 
patible with the dimensions of the basket-rack as- 
sembly. 

Purified water was a satisfactory test vehicle for the 
three samples. Reproducibility in disintegration time was 
improved by the addition of 0.1% benzalkonium chloride. 
The use of simulated gastric fluid was investigated, but it 
was reported that hydrogen chloride vapors emanating 
from the fluid slowly corrode the equipment. Because of 
variation in the composition of compendia1 capsule prod- 
ucts, collaborators recommended that both the test me- 
dium and the disintegration time limit be specified in the 
individual monographs. 

The Committee observed that the longer the path 
through which the basket travels in its vertical motion, the 
more rapid is the disintegration time. The USP and NF 
specify a stroke length of 5-6 cm. In a study involving one 
test specimen (1.0% magnesium stearate in lactose with an 
average disintegration time of 25 min), the disintegration 
time decreased by almost 6 min when the stroke was ad- 
justed from the lower limit, 5 cm, to the upper limit, 6 cm. 
Therefore, a stroke length of 5.3-5.7 cm was recom- 
mended. 

The final procedure was submitted to the USP after it 
was found to be workable in the laboratories of 13 PMA- 
member companies. 
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PMA Quality Control Section 
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Effect of Smoking on Binding of 
Lidocaine to Human Serum Proteins 

Keyphrases 0 Lidocaine-effect of smoking on binding to human serum 
proteins Protein binding-lidocaine, effect of smoking, human serum 
0 Smoking-effect on binding of lidocaine to human serum proteins 

To the Editor: 

Cigarette smoking can have striking effects on the dis- 
position of theophylline (1,2), propranolol(3), and other 
drugs (4,5). These changes generally have been ascribed 
to increased intrinsic hepatic clearance secondary to en- 
zyme induction. However, other mechanisms may be op- 
erative. This communication describes the apparent effect 
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