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Disintegration Test for
Hard Gelatin Capsules

Keyphrases [0 Disintegration—hard gelatin capsules, modification of
USP and NF tests for tablet disintegration O 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 products 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
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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 compendial 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.

Jerry Polesuk, Chairman

Disintegration Test Review Committee
PMA Quality Control Section
Received August 20, 1979.
Accepted for publication March 14, 1980.
Inquiries may be directed to the author at the Quality Assurance De-
partment, Sandoz Pharmaceuticals, East Hanover, NJ 07936.

Effect of Smoking on Binding of
Lidocaine to Human Serum Proteins

Keyphrases O Lidocaine—effect of smoking on binding to human serum
proteins O 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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of tobacco smoking on the binding of lidocaine to human
serum proteins. Furthermore, we report a significant in-
crease in the lidocaine free fraction as the concentration
was increased through the range usually observed in the
treatment of ventricular arrhythmias. This observation
is consistent with the data reported by Tucker et al. (6)
and is inconsistent with other reports (7, 8).

Serum samples were obtained from 16 volunteers, eight
smokers and eight nonsmokers. Seven of the eight smokers
stated that they smoked between 0.88 and 1.25 packs/day,
while the other subject smoked either one cigar or one
pipeful of tobacco/day (the data from this individual are
specifically identified in Fig. 1). The nonsmoking and
smoking groups were well matched with respect to sex (six
males and two females in each group), age (45 + 20 versus
42 1 12 years, mean + SD), concurrent medication (none
except diuretic therapy for hypertension), serum albumin
concentration (4.9 + 0.5 versus 4.7 £ 0.3 g/100 ml), and
total serum protein concentration (7.5 + 0.3 versus 7.2 +
0.4 g/100 ml). All subjects had normal renal and liver
function as assessed by an automatic analyzer?, and all
were apparently free of malignant or inflammatory dis-
ease.

Venous blood collected into glass syringes after an
overnight fast was allowed to clot at room temperature for
~2 hr and then was centrifuged for ~20 min at 1000Xg.
The serum was removed and stored at —20°. The protein
binding of lidocaine was determined by equilibrium dial-
ysis using a dialysis membrane? in Plexiglas cells. Lido-
caine was added to the buffer solution (0.134 M phosphate
buffer at pH 7.4) to achieve concentrations of 2.0 and 14.0
ug/ml. A trace amount of radiolabeled drug (30 mCi of
[carbonyl-14C]lidocaine? hydrochloride/mmole obtained
commercially with >98% radiochemical purity) also was
added to the buffer. Serum aliquots were dialyzed in du-
plicate against an equal volume of buffer for 5 hr at 37°.
Final (postdialysis) lidocaine concentrations in all samples
were quantitated by liquid scintillation counting.

Substantial intersubject variability of lidocaine free
fraction values was observed; at a final concentration of
1.4 ug/ml, the free fraction ranged from 0.208 to 0.342
{mean of 0.280). Little of the variability can be explained
by the reproducibility of the method since the relative
standard deviation of the determination of the free fraction
was 5.6% (n = 22). However, part of this variability ap-
peared to be related to the smoking status of the subjects.
The data in Fig. 1 show that at a final lidocaine concen-
tration of 1.4 ug/ml (left panel), smokers had a significantly
lower free fraction than nonsmokers (0.258 £ 0.039 versus
0.307 £ 0.030; p < 0.02). Although there was a trend toward
a lower free fraction at a final concentration of 9.0 ug/ml
(right panel), the difference between serum binding in
smokers and nonsmokers was not statistically significant
(p > 0.15).

There are several possible explanations for the increased
protein binding of lidocaine in the serum of smokers. An
exogenous substance contained in tobacco smoke could
cause a cooperative interaction between lidocaine and at
least one of the binding proteins. However, a more plau-
sible explanation is that the concentration of at least one
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Figure 1—Effect of smoking on the lidocaine free fraction in volunteers.
Serum binding results at final lidocaine concentrations of 1.4 (left) and
9.0 (right) pg/ml are shown. The horizontal bar equals the mean free
fraction value. The open symbol represents the data from the one
smoker who did not smoke cigarettes.

protein to which lidocaine binds is elevated in the serum
of smokers. Some evidence suggests that the serum con-
centration of ay-acid glycoprotein is elevated in smokers
(9), and it is known that lidocaine binds to this acute phase
reactant protein (10). Thus, the increased binding of lid-
ocaine to the serum proteins of smokers at 1.4 ug/ml could
be the result of elevated concentrations of «;-acid glyco-
protein. The failure to achieve statistical significance at
a final lidocaine concentration of 9.0 ug/ml probably is
related to the facts that, at this concentration, binding to
albumin has greater importance (11, 12) than does binding
to the glycoprotein (the 50% increase in the free fraction
at 9.0 ug/ml suggests saturation of at least one class of
binding sites) and, as stated earlier, albumin concentra-
tions were nearly identical in our two populations.

Since increased binding of drugs to serum proteins is
known to influence drug disposition and since increased
binding of drugs to serum proteins of smokers has not been
reported previously, our data may represent a significant
new observation for an understanding of the effects of
environmental factors on drug disposition. Furthermore,
our data support the findings of Tucker et al. (6), who re-
ported a lidocaine free fraction of ~0.30 at a serum drug
concentration of 2 ug/ml. Finally, we confirmed the
striking concentration dependence of lidocaine binding
reported by Tucker et al. (6).

(1) J. W. Jenne, H. Nagasawa, R. Moltugh, F. McDonald, and E.
Wyze, Life Sci., 17, 195 (1975).

(2) S. N. Hunt, W. J. Jusko, and A. M. Yurchak, Clin. Pharmacol.
Ther., 19, 546 (1976).

(3) R.E. Vestal, A. J. J. Wood, R. A. Branch, D. G. Shand, and G.R.
Wilkinson, ibid., 26, 8 (1979).

(4) W.J. Jusko, J. Pharmacokinet. Biopharm., 6,7 (1978).

(5) A.d.dJ. Wood, R. E. Vestal, G. R. Wilkinson, R. A. Branch, and
D. G. Shand, Clin. Pharmacol. Ther., 26, 16 (1979).

(6) G.T.Tucker, R. N. Boyes, P. O. Bridenbaugh, and D. C. Moore,
Anesthesiology, 33, 287 (1970).

(7) S. M. Shnider and E. L. Way, ibid., 29, 944 (1968).



(8) R.G.Burney, C. A. DiFazio, and J. A. Foster, Anesth. Analg., 57,
478 (1978).
(9) A.C.Hollinshead, C. H. Chuang, E. G. Cooper, and W. J. Cata-
lona, Cancer, 40, 2993 (1977).
(10) K. M. Piafsky and D. Knoppert, Clin. Res., 26, 836A (1979).
(11) P.J. McNamara, Ph.D. thesis, State University of New York at
Buffalo, Buffalo, N.Y., 1979.
(12) V.d. Sawinski and G. W. Rapp, J. Dent. Res., 42, 1429 (1963).

P.J. McNamara
R. L. Slaughter
J. P. Visco

C. M. Elwood

J. H. Siegel

D. Lalka *

Departments of Pharmaceutics and Pharmacy
School of Pharmacy
State University of New York at Buffalo
Buffalo, NY 14260, and the
Departments of Cardiology,

Nephrology, and Surgery, and the

Clinical Pharmacokinetics Laboratory
Buffalo General Hospital
Buffalo, NY 14203

Received December 24, 1979.

Accepted for publication March 18, 1980. ‘

Supported in part by Grant GM 20852 from the Institute of General
Medical Sciences, National Institutes of Health.

Effect of Changes in Plasma Protein
Binding on Half-Life of Drugs

Keyphrases 00 Pharmacokinetics—effect of changes in plasma protein
binding on biological half-life of drugs O Protein binding—effect of
changes in plasma protein binding on biological half-life of drugs O
Half-life—effect of changes in plasma protein binding on biological
half-life of drugs

To the Editor:

The binding of drugs to plasma proteins and extravas-
cular tissues affects their distribution, elimination, and
overall pharmacological activity. If the extent of such
binding is altered by the presence of other drugs or the
accumulation of certain endogenous compounds in various
disease states, subsequent changes in the pharmacokinetic
characteristics of the drug may be anticipated. Gibaldi et
al. (1) suggested that the biological half-life of a drug
bound to plasma proteins and tissues in a drug concen-
tration-independent manner is a function largely of tissue
binding but is independent of changes in binding to plasma
proteins. However, they pointed out that this phenomenon
generally is true only for drugs with apparent distribution
volumes substantially larger than the plasma space. These
drugs include those that distribute throughout the total
body water and, more commonly, those that demonstrate
extensive tissue binding as well.

The present discussion focuses on situations where the
drug is bound to plasma proteins and the unbound drug
is excluded from intracellular fluids. While these condi-
tions may apply to only a few drugs, they can be important.
A good example is the antibacterial agent sulfisoxazole.
This compound is ~86% bound to plasma proteins after
therapeutic doses (2) and is distributed only in extracel-
lular fluids (3, 4). Since the drug does not enter the cells,
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it exhibits a slightly diminished toxicity while producing
higher blood levels at lower doses as compared with sul-
fanilamide and sulfadiazine, both of which distribute
throughout body water. Another example is streptomycin,
which is distributed in the extracellular fluids and also is
bound to plasma proteins, although to a lesser extent than
sulfisoxazole (5).

Based on the physiological approach to drug distribution
originally developed by Gillette (6), @ie and Tozer (7) re-
cently proposed the following expression for the apparent
volume of distribution, V:

Vrfp

V=Vp(1+Rey) +fpVp(Ve/Vp — Rgy) + ir (Eq. 1)

where Vp is the plasma volume; Vg is the extracellular
space minus the plasma volume; Vr is the physical volume
into which the drug distributes minus the extracellular
space; Rg/s is the ratio of the amount of protein to which
the drug binds in extracellular fluids outside the plasma
to that in the plasma; and fp and fr are the drug fractions
unbound in the spaces Vp and V7, respectively. Further-
more, by assuming the extracellular fluid volume outside
the plasma to be 12 liters and the plasma volume to be 3
liters and by assuming that the total extracellular drug-
binding protein is distributed so that Rg/ris ~1.4, Eq. 1 can
be approximated as:

V=7+8fp+ VT(;—P) (Eq. 2)

T

It then was pointed out (7) that if the distribution of a drug
is restricted to the extracellular fluid, its apparent volume
of distribution becomes:

V=T7+8p (Eq. 3)

1t has been shown (8) that the total clearance, Cl, of a
drug whose elimination is linear and not perfusion rate
limited in the organ of elimination is directly proportional
to its free fraction in plasma, i.e.:

Cl = fpCIl* (Eq. 4)
where Cl* represents the intrinsic clearance. Moreover,
since:

. cl=Vg (Eq. 5)
it follows that:
_feCl*
B==— (Eq. 8)

where, for a drug obeying two-compartment model ki-
netics, V is Vres and 8 equals In 2 divided by the terminal
half-life, t1/0. Substituting Eq. 3 into Eq. 6 gives:

fpCl*
= — - 7
7+ 87 (Eq. Ta)
or;
_In2(7 + 8fp)
tig= FoCI* (Eq. 7b)

Equation 7b describes the effect of plasma protein binding
on drug biological half-lives. When the fraction of drug
unbound in plasma is changed to fp and the new 3 and ¢/,
are designated as 8’ and t,, respectively, then:

Bobe_ TRl *op Eq. 8
AT YA (Ea.8)
or.

B 1o+ 8fefe

B _ e+ 8felp Eq.9

B~ fp + 8fefp (Ba.9)
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