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ABSTRACT

Many researchers have attemptedvto resolve the problems asso-
ciated with ‘the claims that generic drugs are therapeutically in-
active., The objective of this study was to investigate one drug -
phenylbutazone - and to determine the overall quality of 23 brands
of this drug on the Canadian market. Potency, content uniformity
and availability of the drug from the dosage form were investiga-
ted.

A spectrophotometric method suitable for the analysis of in-
dividual phenylbutazone ,tablets was de&eIOped. This method invol-
ved the extraction of the drug from the tablets with alcohol, app-
ropiate dilution with distilled water and'spectrophotometric analy-
sis of the aqueous solution. The dissolution and disintegration
characteristics of twelve products were studied by two different
methods., The official disintegration test described in the Food
and Drugs Regulations and a stirrer method similar to that outlined
by Levy and Hayes (31) were used.

The results of individual tablet assay showed that four pro-
ducts would be rejected on the basis of potency or content uniform-
ity. Two other products, although complying with official require-
ments, would appear to show gquestionable characteristics. Two
products would be rejected on the basis of disintegration times
while six others demonstrated excessive variability in their disin-
tegration characteristics,

The official disintegration apparatus was rejected for dissol-
ution studies, A ﬂodified version of the apparatus described by

Levy and Hayes (31) was considered adequate for this investigation.
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The dissolution profiles indicated that one product would be
clasgified as "excellent"; seven as "good" and four as "poor" with
respect to drug release in vitro,

Preliminary studies indicate that there may be a definite
cofrelation between in vitro dissolution and in vivo availability
(as measured by drug content in the blood).

This abstract represents the true content of the thesis sub-

mitted.

M, Pernarowski, Ph.D.
Supervisor



I.

II.

ITT.

TABLE OF CONTENTS

INTRODUCTION

LITERATURE SURVEY

1.

5.

The Compressed Tablet

a)

b)

Historical resume

Essential qualities

Tablet Variability

a)
b)
c)
d)
In
a)
b)
In
a)
b)

In

Content uniformity
Weight variation
Potency tests
Statistical tests
Vitro Testing
Disintegration tests
Dissolution tests
Vivo Methods
Qualitative tests
Quantitative tests

Vivo - In Vitro Correlations

EXPERIMENTAL

1.

Spectrophotometric Determination of Phenyl-

butazone

a)

b)

Spectral-absorbancy curves

Calibration curves

Assay of phenylbutazone tablets

a)
b)

c)

Equipment and reagents
Procedure

Results

I NI N S O R

Wow W W N P e
I 0 B O VW o F & P

37
37
L1
16
146

L6

L7

iii.



Iv.

V.
VI.

VII.

3. Tablet Disintegration
a) Methodology
b) Results
L. Tablet Dissolution
a) Solubility of Phenylbutazohe
b) Methodology
DISCUSSION
1. Test Procedures and Results
a) Tablet assay
b) Disintegration tests
c) Dissolution tests
d) Disintegration - Dissolution correlation
2. Product Quality
a) Tablet assay
b) Tablet disintegration
c) Tablet dissolution

3. In Vivo Investigations

SUMMARY AND CONCLUSIONS
BIBLIOGRAPHY

APPENDIX

L7

L7
52
52
52
56
66
66
66
73
73
81
82
82
82
83
83
87
90
oL

ive.



LIST OF TABLES

I. The Effect of Increased Sample Size on Acceptability

of Lots of Compressed Tablets 12A
IT. Disintegration Times and Availability of Prednisone
from Clinically Active and Inactive Tablets - 22A
IITI. Wavelengths of Maximum Absorption and Absorptivity
Values for Phenylbutazone in Different Media L5
IV, Assay of Phenylbutazone Tablets from 23 Different
Samples 18,49,50
V. Disintegration Times of Phenylbutazone Tablets
using Method II 51
VI. Disintegration Times of Phenylbutazone Tablets
using Method I ' 53
VII. Disintegration Times of Phenylbutazone Tablets
‘ using Methods II and III 5h
VIII. Disintegration Times of Phenylbutazone Tablets
using Methods IV and V 55
IX. Disintegration Times and Dissolution Characteristics
of Phenylbutazone Tablets using Methods IIA to VA
inclusive 59

X. Disintegration Times and Dissolution Characteristics
of Phenylbutazone Tablets using Methods ITA and IVA 61

XI. Disintegration Times and Dissolution Characteristics
of Phenylbutazone Tablets using Methods VI and VII 65

XII. Release Patterns of Phenylbutazone from Tablets
using Methods IIA and VI T9A

XIII. Release Patterns of Phenylbutazone from Tablets
using Methods IVA and VII 80A



10.

LIST OF FIGURES

Spectrophotometric Curves for (a) Phenylbutazone and .
(b) Phenylbutazone Tablet Extract, in Alcohol-water

(1% v/v) Solution

Spectrophotometric Curve for Phenylbutazae in 0,1N HC1

and Alcohol-Simulated Gastric Fluid Solution

Spectrophotometric Curve for Phenylbutazone in 0.1lN
NaOH and Alcohol-Simulated Intestinal Fluid solution

Calibration Curve for Phenylbutazone in Alcohol-Water

(1% v/v) Solution

Calibration Curves for Phenylbutazone in (a) Simulated
Gastric Fluid, U.S.P., (b) Simulated Intestinal Fluid,

U.S.P.
Sampling Device

Dissolution Profiles of Phenylbutazone Tablets
Simulated Gastric Fluid using Method IIA

Dissolution Profiles of Phenylbutazone Tablets
Simulated Intestinal Fluid using Method IVA

Dissolution Profiles of Phenylbutazone Tablets
Simulated Gastric Fluid using Method VI

Dissolution Profiles of Phenylbutazone Tablets
Simulated Intestinal Fluid using Method VII

in

~in

in

in

vi.

- 38

39

LO

L3

Ll
58

62

63

654

65B



APPENDIX A

APPENDIX B

APPENDICES

Content Uniformity - Tablets (N.F.XII)

The Determination of the Disintegration
Time of Tablets. (Food and Drug
Laboratories, Ottawa; Official Method)

vii

ou

95



ACKNOWLEDGEMENTS

The author wishes to acknowledge the guidance
and assistance given by Dr. M. Pernarowski during
the course of this investigation. The author
would also like to thank Mrs. E. Blackmore.(nee
Britten) for.her technical assistance in the

laboratory.

VAELL



I. INTRODUCTION

Over the centuries man has attempted to overcome the unnatural
conditions associated with disease by various means according to
his ability and knowiedge. To this end, drugs, whether derived
from natural sources or the present day synthetic processes, have
played an important role in the development of treatment methods,

Methods of drug administration developed'slowly and, in fact,
most solid dosage forms are a pfoduct of the technology associated
with the industrial age. The compressed tablet and its modifica-
tions (that is, the coated and delayed release forms) are now the
dosage forms of choice and, until recently, have been used with
complete confidence.

Within the last ten years, scientists in industry and in the
universities have begun to question the therapeutic effect of
these dosage forms. In too many instances, the pharmacologist
has been able to demonstrate the activity of the drug as such but
the pharmacist has been unable to show that the effect of the
dosage form parallels that of the pure substance. The competitive-
ness within the drug industry has further complicated the problem.
The same drug may now be incorporated into a number of dosage
forms and, depending on the drug, marketed by many manufacturers.
There is now ample evidence that such dosage forms, although con-
taining the same drug, may not behave in the same way in the body.
'This; then, has lead the pharmaceuticsal scientist into a new dis-
cipline - that of biopharmaceutics.

Biopharmaceutics may be defined as the study of the relation-

ships between some of the physical and chemical properties of the
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drug and its dosage forms and the biological effects observed
following the administration of the drug in its various dosage
forms. The discipline, therefore, deals with drug quality and

the practitioner of this discipline must be able to answer at least
four questions. These are:

1. Does the tablet contain the active ingredient
specified on the label?

2. How much of the ingredient is»present in the
tablet?

3. 1Is the active ingredient affected by the ad-
juvants in the tablet and/or environment?

L., Is the active ingredient available to the
patient?

This thesis deals with the first two and the last of these
questions, The drug chosen for study was phenylbutazone and the
reasons for this choice are two in number. First, phenylbutazone
is marketed in tablet form by many manufacturers and a comparative
study between products is, therefore, possible. Secondly, the
drug itself is poorly solﬁble in gastric media but highly soluble in
intestinal media. Drugs in this category have been known to pe
unavailable in vivo.

Most studies in this a;ea have centered on a correlation be-
tWween a physical testing process (either tablet disintegration or
dissolution) and some in vivo parameter such as drug blood levels
or metabolite in the urine. Coupled to this, pharmaceutical
scientists have been critically re-evaluating their over-all app-
roach to drug quality; the main emphasis being on content uniformity

of tablets.
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Until recently, the pharmacist has been satisfied with the
average drug content in a lot of tablets, but because of the
increased potency of many drugs, he is now more concerned with
the amount of drug in each and every tablet. With this in mind,
all brands of phenylbutazone tablets will be assayed in an
appropriate ﬁanner and comments will be made on the quality of
these products. Comments will also be made on the in vitro and
in vivo availability of phenylbutazone from these products.

Investigations of this type enable the researcher to eval-
uate testing procedures for tablets. The inaaequacy of such pro-
cedures is evident to the pharmaceutical scientist and, through
research, better methods for evaluating the quality of tablets

will be forthcoming.



ITI. LITERATURE SURVEY

The Compressed Tablet.

(a) Historical resume.

Tablets may be defined as solid dosage forms prepared
by compressing or moulding. They have been in widespread
use since the latter part of the nineteénth century and still
remain the most popular of all medicinal prepsasrations in-
tended for oral use,

In Arabian manuScripts, written by al-Zahrawi during the
latter half of the tenth‘century, tablet moulds and a process
for controlling the weight of tablets are described. (25).
However, the word "tablet" has only been in use since the ‘
early seventeenth century. This word was defined in 1775,
in Samuel Johnson's first Dictionary of the English Language,
as a-"medicine in a square form" {22).

The modern éompressed tablet dates from the invention of
the tablet machine, in England, by William Brockedon for
which he was granted a patent in 1843 under the title "Shap-
ing Pills, Lozenges, and Black Lead by Pressure in Dies."

A reference to bicarbonate of potash compressed into the
form of a pill indicates that this process was put to early
use (55).

The term "compressed tablet" had its origin in the United

States and was coined by John Wyeth and Brother, to whom
trade marks were issued in 1877. By 1894, tablets for al-

most every known disease were sold in the European and
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American markets., However, no tablet received an official
stamp of approval until the ninth edition of the‘United States
Pharmacopeia (U.S.P. IX) was issued in 1916. Even in the

1926 edition of the U,S.P. only one:tablet was officially
recognised. The first really impressive entry of tablets

into the U.S.P. occured in 1942 when Si tablets were given
official approval (22). Today, the United States Pharmacopeia
(U.S.P.), British Pharmacopeia (B.P.) and the National Form-
ulary (N.F.) recognise over 200 tablets as official prepara-

tions.

(b) Essential qualities,

The essential qualities of a good compressed tablet are
the criteria which are used to determine the nature‘or excel-
lence of tablets from a given lot. There is an implied warr-
anty on the part of the manufacturer that such qualities do,

in fact, exist in the tablet. Some of these qualities are:

1. Accurate and uniform weight.

2. Accurate and uniform dosage or
potency.

3. Stability.
L. Ease of disintegration.

5. Availability of active ingredient
for absorption.

6. Full therapeutic activity.

2. Tablet Variability

(a) Content uniformity.
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The compressed tablet has become the most acceptable
dosage form for the édministration of therapeutic agents. It
provides a convenient and, if well made, an efficient form of
drug administration. Among the essential qualities of a well-
made tablet, uniformity of dosage is considered to be of
prime importance. In compressed tablets, this is dependent
upon the uniform distribution of the active ingredient or
ingredients throughout the tablet matrices and upon a consist-
ent tablet weight (45).

The pharmacopeias list two general tests for the control

of compressed tablets. These are:

1. The tablet disintegration test, and

2. The weight variation test.

In addition to these tests, the tablets must contain the labe-
lled amount of active ingredient. This is measured by the
potency tests in the individual monographs. The tablet dis-
integration test is not indicative of drug content but it may
be a measure of drug availability. This test will be dis-

cussed more fully under in vitro testing.

(b) Weight variation.

Variation in individual weights within a batch of tablets
may arise from many factors, To a large measure these factors
are controllable; however, certain small deviations can al-
ways be expected, To protect the patient against excessive
variability in drug dosage, weight tolerances have been estab-

lished by the pharmacopeias.
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Specifie requirements were included in the B.P. (1948)
and, after a careful study leading to a slight modification
to increase_the tolerance for the smallest tablets, similar
requirements were adopted in the U.S.P. and N.F., The offi-
cial weight variation test for tablets states that the weight
of not more than two tablets out of twenty may vary from the
average weight by more than the stated percentage and that
no tablet may vary more than twice that percentage.

The function of the weight variation test is to control
the variation in weight of tablets. It is designed for un-
coated compressed tablets which must conform to the given tol-
erences unless otherwise specified. These tolerences vary
from 5% to 15% depending on the average weight of the tablets.
However, the test should not generally be used as a measure
of potency since here one is assuming a completely homogeneous

and uniform mix.

(c) Potency tests.
Although product dosage is expressed on an individual com-
pressed tablet basis, potency testing utilizes an analytical

sample which is a composite of many tablets. An assay pro-

cedure will often read - "Weigh and finely powder not less than
20 <=<-w-- tablets. Weigh accurately a portion of the powder
equivalent to about -----ccee--- " This procedure is followed

even though one tablet might be more than sufficient for carry-
ing out the analysis. Such procedures give information on

the average tablet assay or mean potency of a batch of tablets.
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They give no information on the individual tablets., For ex-
ample, to take an extreme case, if half of the tablets tested
were 50% high in potency and half 50% low, the composite sam-
ple would still assay satisfactorily. As pointed out by
Train (62), it is the content of each and every dosage form
which is of prime importance and not the mean content of a
large number of these dosage forms.

Content uniformity has been investigated by Moskalyk, EE
al. (45), Garrett (16), Evers (15), and Smith, et al., (57).
Suggestions were also made by the Pharmaceutical Manufacturers
Association and others to change from the present'sample aséay
to an individual tablet assay (L4,52). One drawback to the
latter, of course, is the large number of.assays which would
be required and also the lack of suitable assay methods.

Smith, et al., (57) attempted to define the nature of the
distribution of dosage variation in commercially available
compressed tablets. Of the 2198 tablets individually assayed,
over 99% conformed to the then accepted composite limit of +
10% and all tablets conformed to the wider limits of + 15%
which were suggested by the Committee on Inter-Tablet Dosage
Variation of the Pnarmaceutical Manufacturers Association (52).

In Smith's report, the average assays were very close to
label claim, the standard deviations were small, 1.4% - 3.8%
of label claim, and the curves obtained indicated essentially
normal distribution. Examination of the data indicated a

relationship between standard deviation and percent active
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ingredient in fhe tablet. As the percent active ingredient
increased, the variation in individual assays decreased. A
correlation also existed between the tablet weight and tablet
assay for ten of the twelve lots investigated; The correla-
tion coefficients varied between 0.2 and 0.5. These excellent
results were attributed to the good guality control procedures
existing in the author's plant - Merck, Sharp and Dohme Ltd,

On the other hand, of the twelve products studied by »
Moskalyk, et al., (45), four failed the U.S.P. test for uni-
formity of tablet weight. 1In comparing their results with
those obtained by Evers (15), Moskalyk, et al., (45) observed
that the variation in assay for the larger tablets was also
less than for the smaller tablets, However, they concluded
that the actual variability of drug dosage was, as a rule,
greater than could be apparent from the variation in indivi-
dual tablet weight. These authors also reported that the dos-
age variation was greatest in the lightest weight tablets
within a batch,

These results are to be expected since one of the main
factors affecting the uniformity of a mixture is the relative
proportions of the ingredients. The task of mixing becomes
increasingly more difficult as the proportion of one ingredient
relative to another decreases. Since tablets containing a |
relatively small proportion of active ingredient are usually
those which contain a very potent drug, the need for more
effective control over dosage variability in tablets was

certainly indicated.
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Data, presented to the Committee on Inter-Tablet Dosage
Variation of the Quality Control Section of the Pharmaceutical
Manufacturers Association (53), on }2 U.S.P. and 28 N.F.
single drug component tablets demonstrated achievability of
85% - 115% of the purity rubric mean tolerance. At this meet-
ing, the committee recommended that the compendia consider
éxtending the drug content uniformity test (now applying to
eight U.S.P. and six N.F. single drug component tablets) to all
U.S.P. and N.F. sihgle drug component tablets for which suit-
able individual tablet assay methods are available. Some
multiple drug component tablets were also reported to have
passed the teét. These are: A.P.C. Tablets N.F., Trisulfa-
pyriﬁidines'Tablets U.S.P., Hexavitaﬁin tablets N.F., and
Sulfacetamide-Sulfadiazine-Sulfamerazine. Tablets N.F.

As a result of the recommendations of the Pharmaceutical
Manufacturers Association and previous studies cited, the N.F.
XII (48) has adopted, for a selected group of tablets, a test
for composition variation or content uniformity for compres-
sed tablets. (Appendix A)., Essentially this test allows for
ten tablets of an initial sample of thirty tablets to be
assayed individually as directed. The requirements of the
test are fulfilled if all ten results fall within the limits
of 85% to 115% of the labeled potency. However, if one result
falls outside these limits, then the remaining twenty tablets
are individually assayed. The requirements are met if not
more than one of the thirty tablets is outside the limits of

85% - 115% of label claim.
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The Quality Control Section of the Pharmaceutical Manu-

facturers Association (53) in September 1965 noted that:

"As drug content uniformity tolerance requirements begin to
be included in the monographs of an expanding number of offi-
cial tablets, it is anticipated that the weight tolerance
requirement test for such tablets will become superfluous

and will probably be deleted."

At this time; Dr. E. G. Feldman, Director of Revision of
the National Formulary and Dr. L., C. Miller, Director of Phar-
macopeal Revision for the United States Pharmacopeia - also
cqmmented about the prospect that the wéight variation test
would be deleted where cohtent variation is specified. Dr.
Miller also commented on the economic aspects of multiple ass-
ays and the need for time-saving methods which might serve as

adjuncts to the assay methods now specified in the compendia.

(d) Statistical tests.
The efficiency of any statistical test may be determined
by its ability to differentiate between good batches which

should be accepted and bad batches which should be rejected.

-Such tests should have a high probability of accepting the

satisfactory batches and a low probability of accepting the
unsatisfactory batches.

Dunnett and Crisafio (11) derived the Operating-Character-
istic Curves for the official tablet weight variation test
using sample sizes- of 10, 20, 50 and 100 tablets. This data
is represented in Table I. They found that there is an in-

creased tendency to pass a batch if the sample size is
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TABLE I.

The Effect of Increased Sample Size on
Asceptability of Lots of Compressed Tablets.

Lots Accepted

% Defective

No of Tablets 5% 20%
10 ] 93% 1,0%
20 - 95 23
50 98 n

100 99 0

See Reference (50).
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increased and the percentage defectives is low (5% or less).
On the other hand, an increase in sample size will result in
a decreased tendency to pass batches with a high percentage
of defectives (say of the order of 20%). 1In other words,

an increase in sample size has the effect of considerably
decreasing the probability of a non-uniform batch of tablets
being accepted and slightly increasing the probability of

a highly uniform batch passing the test (50).

From this they suggested that a two sample weight varia-
tion test is more valid, statistically, than the present one
sample test in which twenty tablets are weighed individually
and the allowable limits depend on the average tablet weight.
In their test, 50 tablets are weighed and the mean weight
calculated. Twenty tablets are examined, as in the official
test, and the batch accepted if not more than one tablet de-
viates from the mean by + 5%. If more than one tablet devia-
tes from the mean by greater than + S% then the other 30
tablets are examined. The batch is then accepted if not more
than five tablets deviate from the mean by + 5% and no tablet
deviates by more than + 10%.

Grundman and Ecanow (18) suggested a "tablet acceptance
by a double sampling plan" in which they tested 50 tablets and
accepted the batch if all the tablets passed the test. 1If

all tablets did not pass the test, they examined 100 more

tablets and accepted the batch if not more than two tablets

of the 150 tablets failed the test.
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Brunning and King (L) utilized operating characteristic
curves in their examination of an acceptance sampling plan for
pharmaceuticals. They employed the plan used by the U.S. Army -
MIL-STD-4lly which calls for the establishment of four basic

standards (}2):

1. A.Q.L.- An acceptable quality level. A
level of 10% means that the lot is sat-
isfactory if it contains only 10%
defectives.

2. U.Q.L.~- An unacceptable quality level. A
level of ;0% means that the lot is un-
acceptable if it contains more than [0%
defectives.,

3. R, - Producer's risk., This is the risk
involved in misclassifying an acceptable
lot. .

li. R, - Consumer's risk. This is the risk in-
volved in misclassifying an unacceptable lot.

Once the wvalues of these four standards have been de;ided upon,
the corresponding sampling plan and hence the sample size is
automatically determined.

If the A.Q.L. and U.Q.L. are quite far apart and a high
risk of misclassification can be tolerated, as might well be
the case with sodium chloride tablets, the plan will call for
very few units in the sample. If the A.Q.L. and U.Q.L. are
close together and a very small risk of misclassification must
be maintained, as in the case of the potent steroids, a large
sample will normally be required.

Using the four characteristic standards upon the corres=-
ponding sampling plan, - 0.C. curves, sample size and accept-

ability criteria - may be obtained from tablets of the
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MIL-STD-41L4 (42). The tablets in the sample are assayed
individually and the percent defectives determined. If the
percent defectives do not exceed the stated criteria, then
the lot is accepted.

In comparing this variable plan to a two-step attribute
plan, such as is now in the U.S.P. and N.F. for assay variation,
it was found that the varisble plan was superior for detecting
cases of excessive variation and for excessive variation com-
bined with a shift in mean. The two plans are about equal for
cases of mean shift only. For example, it was found that for
the U.3.P. plan, which cannot detect tablet to tablet varia-
tions, will accept a sample with 40% defectives 9% of the
time while the statistical plan will accept this same sample

only 8% of the time.

In--Vitro Testing

(a) Disintegration tests.

Ir compreséed tablets are expected to provide effective
medication, it is obvious that the tablet must dissolve or
disintegrate within a reasonable time. This fact was recog-
nised, studied and discussed, but official standards did not
exist until relatively recent times. The lack of testing
procedures was due, in large part, to an inability to stand-
ardize methodology and to the variations within the dosage
forms being examined.,

(i) Methods and Apparatus

Many methods have recently been developed for the
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study of tablet disintegration though they vary in the
complexity of the apparatus, liquid medium used, tempera-
ture, agitation and indicated end point. The temperature
is either room temperature (22°C - 25°C) or body tempera-
ture (37°C). Elliot (12) found that this difference, a
temperature increase of 10°C to 15°C, accounted for a two-
fold increase in the solution rate of tablets.

The simplest apparatus for measuring the disintegra-
tion time of compressed tablets is a glass of water (69).
Another method, suggested by Trunkel in 1931 and recoh-
mended for the retail pharmacist, utilizes an apparatus
made by covering a small beaker with a screen, placing
this in & larger beaker, and then adding water to cover
the screen to a height of one centimeter. The tablets are
placed on the screen and the time required for the disin-
tegrated tablet to pass through the mesh is noted,#*

Methods with definite end points include that pro-
posed by Foote in 1928 in which a plate is supported by
the tablet, the plate sinking to ring a bell by electrical
contact., Brown in 1939 suggested the breaking of a tablet,
both in air and in water, in a stirruﬁ attached to one
arm of a balance. Berry in 19l suggested that the end
point be determined by dropping a 20 Gm. weight attached

to a wire loop as it cuts through the tablet.

s+ The material in this paragraph and the next two para-
graphs was drawn from reference (55).
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Several methods have been used to simulate peristal-
tic movement. An early method put foreward by Lewis in
1904 consisted of holding the tablet with a wire spiral
on muslin stretched over a funnel and allowing water to
drop on the tablet. One of the earliest methods which
was developed and later adopted by the B.P. in 1945 con-
sisted of rotating the tablets in test tubes of liquid.
This method was criticized by Hoyle for having an indefi-
nite end point because the cloudy solution obscures the
final disintegration of the tablet center.

The passage of disintegrated tablets through a wire
screen implies a definite end point and this technique,
coupled to some form of movement of the tablet in the test
fluids, has been utilized in several published methods.,

In most of these, the wire screen constitutes the bottom
of a basket having glass or screen sides. Evanson and De-
Kay (14,48) introduced a rolling drum.into their apparatus,
which they claim provides a rolling wavelike action on
the tablet similar to that of stomach contractions. This
method was more reproducable than the Gershberg and Stoll
method (17), in which tubes with mesh bottoms were moved
up and down in éimulated gastro-intestinal juices. The
latter method was used in the early forties for testing
tablets supplied to the U.S. Army (55). The Gershberg-
Stoll method was modified and later accepted as official
in the United States and Canada. However, no real attempt

was made to reproduce physiological conditions in these tests.
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(ii) Official Standards

Official standards for tablet disintegration were ad-
opted first in Switzerland, France and England. The Swiss
Pharmacopea of 1933 required that tablets for internal use
(unless intended to dissolve slowly in the mouth) must
disintegrate to a powder or dissolve within 15 minutes
in watef at 3700. The French Codex of 1937 required the
following test: Five tablets were placed in a flask with
100 ml of cold water. The flask was placed in a bath at
37OC and agitated frequently, To pass the test, the tab-
lets must be completely disintegrated or dissolved at the
~end of ten minutes, The B.P., of 1953 also required a test
on five tablets in water, but in this case five separate
-test tubes rotating in a bath held at 37°C were used.

The tablets must dissolve or diéintegraﬁe within 15 min-
utes with exceptions as stated in the monographs. If not
more than one of the five tablets fail the test, the test
is repeated. No tablet must fail the second time (55).

The disintegration test for tablets in the U.S.P.,
N.F., and in Canada uses a basket-rack assembly consist-
ing of six open end glass tubes which impinge at the bot-
tom on a ten mesh stainless steel screen. Exact measure-
ments are given for the test apparatus because a slight
chénge in specifications can affect disintegration times.
A more detailed description of this apparatus is given in

Appendix B.
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Tablets to be tested are placed in each of the six
glass tubes and the apparatus assembléd with plungers and
discs over the tablets. The whole basket rack assembly
is then raised and lowered through an 8 cm stroke, 30
times per minute, in a suitable liquid bath at 37°C. At
the end of the prescribed time, as is specified in the in-
dividual tablet monographs or in Canada in the F and D
Regulations (Appendix B), the basket is inspected. The tab-
lets are considered to be completely disintegrated if no
residue remains on the screen bottom. If more than two
tablets fail to disintegrate, 12 more tablets must be
tested., Of the 18 tablets then tested, 15 must have dis-
integrated within the given period of time.

Surveys by Murphey (46) in 1954 and Nuppenau (49) in
196l, comparing the requirements for disintegration of
tablets in the various world pharmacopeias,shows the len-
iency of the U.S.P. standards for disintegration times,
The range in most pharmacopeias is between five minutes and
15 minutes, In contrast, the U.3.P., allows disintegration
times of from 15 minutes to one or more hours. In Canada
the limits are 30 minutes in simulated gastric fluid and
30 minutes in simulated intestinal fluid for a total time

of one hour.

(b) Dissolution Tests
In 1902 Hance (21) defined solubility with respect to com-
pressed tablets as the power to disintegrate rather than the

power to form solutions or to dissolve. While this definition
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may be true for soluble compounds, it certainly will not be
true for only slightly soluble drugs.

Today it is generally recognised that the in vitro tabiet
disintegration test does not necessarily bear a relationship
to the in vivo action of the solid dosage form. During the
past few years, several authors have proposed that the signi-
ficant factor to consider‘is not tablet disintegration but
dissolution of the drug fromthe tablet. Sperandio (59) in
1948 and Parrott (51) in 1955 realized that disintegration did
'not necessarily mean that the drug had dissolved, the tablet‘is
merely broken up into smaller particles.

“ While the disintegration time does influence the rate of
drug release to the body, the most important aspect is the
rate of release from the primary drug particle. This is nec-
essary because it is accepted that solution of the drug is
essential if absorption is to take place. More recently, Levy
and Hayes (31), and Yen (72) have reminded researchers that
disintegration does not in itself imply dissolution. However,
regardless of the lack of a significant relationship between
disintegration and the tablet's in vivo activity, the test
8till provides a means of control in assuring that a given
tablet formulation is the same from batch to batch, with regard
to disintegration.

There is a mistaken belief among many that the active con-
stituent as a chemical entity is the sole basis for the pharm-
acological effectiveness of a pharmaceutical product. However,

the choice of dosage form and of brand can be just as important
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as the choice of the actual therapeutic agent. 1In general,
differences in therapeutic efficacy between generically id-
entical drug products, while sometimes caused by instability
or contamination, are most frequently due to differences in
the rate at which the active ingredient or ingredients become
available for absorption (35).

The first relationship between in vitro tablet disintegra-
tion and in vivo drug availability were established by the

Food and Drug Directorate in Ottawa. Chapman, et al (8,9) in

1954-1956, using riboflavin and p-amino salicylic acid in
separate studies, did show that the availability of the drug
for absorption was predictable from disintegration times deter-
mined by the U.S.P. test. According to Schroeter, et al (54),
these researchers were the first to determine rates of disso-
lution at the same time that the disintegration time was being
determined.

Dissolution studies were not again emphasized until it be-
camé épparent that certain tablets, although complying with
disintegration requireﬁents, failed to demonstrate an§y thera-
peutic effects. Around 1960, papers began to appear in the
literature indicating that adjuvants played an important role
.in the therapeutic effectiveness of the tablet. Levy and Nelson,
(35), Delgado and Cosgrove (10), Wagner (67) and Gwilt, et al.,
(19) discussed many aspects of biopharmaceutics and indicated
that added substances can have a pronounced effect on the in
vivo availability of drugs such as tetracycline, tolbutamide

and dicoumarol.
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Parrot, EEJEL" (51) found that the dissolution rate of
benzoic acid was decreased when various concentrationé of
'sodium chloride, sodium sulfate and dextrose were added to
the dissolving medium. Sodium sulfate was most effective in
decreasing the dissolution rate. When urea was used as an
additive, an increase in the dissolution rate resulted.

Levy and Hayes (31), working with five different commer-
cially available Acetylsalicylic Acid tablets found that the
‘in vitfo disintegration t imes for these tablets, which is
often alluded to as an index of the rate at whichthe drug be-
comes available for absorption, is no criteria for availabil-
ity or rate of solution. In fact the most rapidly dissolving
products exhibited longer disintegration times than the slower
dissolving products. It was also shown that disintegration
times had no relation whatsoever to rate of absorption or to
the biological availability of the drug in human subjects.

More recently, Campagna, et al., (6), together with Levy,
Hall and Nelson (30) investigated independently, prednisone
tablets which were reportéd to be inactive., A patient showed
good clinical response when oné brand of prednisone was admin-
istered., For uq@nown reasons, the brand was changed and the
sfmptoms reabpear;é. When the original brand was again used,
the response was good. These inactive prednisone tablets were
tested against the active ones and it was found that the effect-

ive tablets released 50% of its contents 20 times as rapidly as

the clinically ineffective ones., The official disintegration
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time in both cases were less than six minutes as shown in
Table II.

Wagner (67) reports that the nature and intensity of a
biological response to a drug is often thought to be due only
to the inherent activity of the molecular structure of the com-
pound. Many factors ontribute to this response: the drug it-
self, dissolution characteristics, dosage forms, formulation,
method of manufacture, absorption and excretion. These same
factors, as reported by Schfoeter, EE.EE)’ (5l4) will determine
whether a correlation exists between in vitro disintegration-
dissolution and in vivo availability and absorption. Conseg-
uently, it is possible to correlate dissolution and disintegra-
tion but this must be done for each product separately in order
to be meaningful. At some stage, in vivo studies must be done
in order to complete the correlation. If this_is done and
there is a good relationship between disintegration, dissolution
and availability, then the disintegration test can be used
routinely and would more or less fmply dissolution and avail-
ability for a particular product.

On the basis of these and other reports, the Pharmaceuti-
cal Manufacturers' Association (53) appointed a committee to
investigate the problem of dissolution of drugs from tablets.
During the preliminary investigations of about 70 products, it
was found that of those products containing drugs with solubil-
ities of 1% or more, in almost every case, all of the drug was
in solution when disintegration was completed. On the other

hand, tablets containing drugswhose solubility was less than
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TABLE II.

Disintegration Times and Availability of Prednisone
from Clinically Active and Inactive Tablets

Disintegration Average Time For

Prednisone Time (Minutes ) 50% of the Drug
Tablets . to Dissolve

Disks No Disks (Minutes)
Active = <6 6 o3 + 1.3
Inactive #* {6 60 - 120 100 ® 53
Inactive ¢ 2.5 180 173 + 37
% See Reference (30).

#3+ See Reference

(6)0
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1%, dissolved in most instances, within one hour after the dis-
integration end point.

In April 1963, the committee suggested that the U.S.P.
disintegration test was only useful as a tool to control batch
to batch uniformity of tablets and to keep completely unsatis-
factory products off the market. Much concern was also ex-
pressed about the need for obtaining blood level data to com-
pare with any proposed dissolution test data 1f such a test is

to be indicative of drug availability.

(i) Methods and Apparatus

The principle involved in dissolution studies is the
same regardless of the apparatus used. Essentially the
tablets are placed in a suitable liquid such as water, sim-
ulated gastric or intestinal fluid, and agitated. Aliquots
of the liquid are then removed, at varying time intervals,
for analysis.

It is generally felt that any procedure for in vitro
testsvshould employ some device for agitating the eluant
and product at a fixed speed. Since the Gershberg-Stoll
apparatus is the only officially recognized tablet test
apparatus on this continent, it has been widely used with
various modifications. This is essentially the same app-
aratus described in the U.S.P., and by the Canadian Food
and Drug Directorate for disintegration studies. This
apparatus has been a starting point for many investigators

because its basic parts consist of: a mechanical device
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for agitating which may imitate the peristaltic movements,
a thermostatic arrangement so that body temperature can be
maintained, an immersion fluid such as simulated gastric
and intestinal juice and a screen to support the tablets
under investigation until tney have disintegrated or re-
leased the active substance.
A more detailed description of this apparatus may be found
in Appendix B. The main advantage of the apparatus is that
disintegration times as well as dissolution rates may be
observed at the same time on the same tablets. Schroeter,
et al., (54) and Middleton, et al., (4O) used the U.S.P.
apparatus in their investigations on dissolution rates of
bdrugs in tablets. |

In his study on Acetylsalicylic Acid tablets, Levy (31)
used a 00 ml. beaker, O0.1N HCl, a temperature of 3700, and
a controlled speed stirrer set at 59 r.p.m. which was fast
enough for homogenous mixing but slow enough to keep solid
particles at the bottom. Nash and Marcus (L47) used a modi-
fied version consisting of a 600 ml. Buchner type funnel
with a medium porosity fritted disk which was fitted into
a 500 ml, suction flask with a stopcock at the bottom.
The sample is placed in the funnel with 400 ml. of simula-
ted gastric fluid and gently agitated by a stirrer. At
fixed intervals, 200 ml. portions of fluid are drawn off
for analysis and 200 ml. of fresh media added to the funnel.

The process is repeated for the desired time interval. In
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both cases the rate of stirring influences the rate of
dissolution of the drug from the tablets.

Another method, suggested by Wiley (68), consisted
of a stoppered cylindrical tube with a glass wool filter
above the bottom outlet and a side arm for return of fluid
to a reservoir. A pump was employed to circulate the
fluid from the reservoir to the tube at a fixed rate. The
sample is first eluted for one hour with 100 ml. of}simul-
ated gastric fluid at 37°C. At the end of this time, 50
ml. of fluid are removed and replaced with 50 ml. of sim-
ulated intestinal fluid. The procedure 1s repeated every
hour for eight hours., This method was rejected as being
too slow, cumbérsome and complex and therefore, unsuitable
for routine investigations. |

The method developed in 1958 by Souder and Ellenbogen
(58) to determine the release rate of sustained release
granules contained in capsules consists of bottles (90 ml.
capacity) fastened at their mid point to a horizontal éxis
in a water bath at 3700. Samples are placed in the bottles,
60 ml. of fluid added and the bottles rotated (end over end
at LO r.p.m.). The bbttles are removed at fixed intervals
and the contents filtered immediately. Either the washed
residue or the filtrate is assayed.

The limitations of this method are obvious:

1. The contents of the bottles must be

filtered immediately upon their re-
moval from the apparatus.
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2. The small size  of the bottles limits its
use, especially in the case of sparingly
soluble drugs.
3. The centrifﬁgal force tends to press the
solids against the bottom of the bottles
allowing for little or no mechanical
erosion.
However, this method has been successfully adapted by
Smith Kline and French I;A.C. (Inter-American Corporation)
for their spansules and is extensively used as a control tool.
They, however, claim that this apparatus cannot be used to
judge other products unless there is a definite correlation
between this data and in vivo results or clinical response,
Vliiet (65) compared the U.S.P., S.K.F. and Wiley meth-
ods and found that all methods, provided that the prepara-
tions contained freely soluble drugs, produced the same re-
lease patterns, The release was compiete in 8 hours in all

cases., On the other hand tablets containing sparingly solu-

ble drugs gave different release patterns. For example:'

S.K.F. method = 100% release in 8 hours
U.S.P. (no disks) - 35%-65% release in 8 hours

Wiley method .- 10%-50% releasé in 8 hours

In a further attempt to standardize dissolution techni-
ques, Simoons (56), in 1961-62, after considering all the
advantages and disadvanfages of the existing techniques, de-
veloped and worked withfthe ring apparatus as described in
his book. From this he derived in vitro rate constants (K

vitro) for various tablets and from urinary excretion
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studies)in vivo rate constants (X vivo). He then correla-
ted the two values and determined a ring constant (R) for
any particular drug.

R = K vivo
K vitro

Thus, the in vivo behaviour for any particular drug could

be predicted from in vitro studies, provided the ring con-
stant R was previously determined. Wagner (67) has criti-
cized this type of correlation claiming that it is spurious

and artificial and should not be wused,

(ii) Limitations

It is known that the release rate of a drug from a tab-
let depends on various factors other than those inherent in
the tablet. Such factors as the flow of fluid around the
.tablet and the movement of the tablets in the container
could influence the release rate. If these are inadequate,

as in the Wiley method, the release rate is low.

In the modified Gershberg-Stoll apparatus, the tablets
are subjected to up and down strokes which, together with
the size of the mesh and weight of the tablets, determine
the amount of mechanical erosion to which the tablets are
'subjected. It is also suggested that saturation with air
as a result of the up and down stpokes may cause oxidative
processes in the substances under investigation. This in
turn may lead to incorrect interpretation of the results
especially when the assay uséd is spectrophotometric. Mix-
ing and layering may also cause slight problems with this

method,
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As mentioned before, if a stirrer is used, as in the
Levy method (31), the rate of stirring influences the rate
of dissolution. Evaporation of fluid could also influence
results. Schroeter, et al., (54) noticed that although
excipients in tablets introduced an error of less than 1%,
this is well within the error of the U.S.P. method. How-
ever loss of fluid due to evaporation or mechanical loss
was up to 10% during tests of four hours or more. In the
first half hour to one hour, 30ml.-4Oml. or L%-5% of a
volume of 750 ml. were lost. However, on the basis of
studies done on an aspirin, a steroid, and sulfonamide
tablets, they concluded that, if the test was run for less
than one hour, the error was not éignifiqant.

It was also suggested by Wagner that when all the drug
has been released from the sample, the fluid should be only
25% or less of saturation with respect to the drug. The
solution, under no circumstances, should be allowed to
become saturated before all of the drug is released from
the tablets., If this 25% or less saturation limit is
maintained, then the effect of concentration in the solu-
tion on the rate of dissolution apparently is not signifi-

cant.

To date, no one has come up with a satisfactory method or
procedure for determining dissolution and dissolution rates of
drugs from tablets which will meet exactly all the criteria
and specifications for such determinations. There is valid

criticism of all the methods discussed and the generally acc-
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epted ones are accepted more for their ease of operatiothhan
for any other reason. The methods which seem to meet almost
all the criteria do take anywhere up to eight hours or more
for one evaluation., The only methods now used by the industry
are the U.,S.P., S K I and Levy méthods,

There is a need for some simple me thod which can be applied
routinely to dissolution studies. At present it is felt that
disintegration tests are not enough to effectively evaluate a
solid dosage form fq?.its biological or therapeutic availabil-
ity. Diséolution studies should be correlated with in vivo
tests.

All researchers seem to use procedures adapted to their own
purposes and, on the basis of their own results, are prepared
to advocate general acceptance. of their procedure. The situa-
tion today is similar to that of several years ago when claims
were made that no one procedure would be able to adequately
evaluate the disintegration characteristics of tablets. Today,
one procedure, the Gershberg-Stoll method, is used throughout
the world. A dissolution procedure will eventually evolve

and gain the status of that now used for tablet disintegration.

In-Vivo Meﬁhods

The clinical effectiveness of tablets and other pharmaceu-
tical dosage forms depends on at least two factors. 'The medi-
cation must be present in the labelled amount and it must also
be available to the body. It 1s apparent, therefére, that in
addition to in vitro examination of oral dosage forms for

amount, identity, and purity, there must also be some evaluation .
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of the physiological availability of the active ingredients.
In vivo methods used to determine physiological availability
of drugs have ranged from simple qualitative procedures to
sophisticated quantitative measurements of drug concentration

in blood or urine.

(a2) Qualitative Tests.

One of the earliest attempts to demonstrate the availability
of drugs was carried out by Wruble (71), who administered en-
teric-coated tablets containing calcium sulfide apd methylene
blue to humans. If the tablet disintegrated in the stomach,
the subject would eructate hydrogen sulfide; if it disintegrat-
ed in the intestinal tract, the urine would be blue in color.

" Clinical observations on Prednisone (6,30) and Tolbutamide (7)
have been used as indications of drug availability.

(i) X=-Rays

Early workers attempted to use x-ray findings as an
indication of in vivo availability of drugs. Maney and

Kuever (37) found that in vitro results generally agreed

with in vivo findings. Abbott and Allport (1), on the other

hand, concluded that x-rays were unsuitable for this type

of work because of the variability between human subjects

and the inability of x-rays to detect many drugs in the
gastrointestinal tract. Actually, x-rays can only give in-_
formation on disintegration and, furthermore, the pictures
often are difficult to interpret and are not amenable to

guantitative treatment.
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More recently, Levy (28) has used x-rays to study the
agitation intensities encountered in the human stomach by
observing the disintegration of tablets containing radio
opaque materials. Using the information obtained, he was
able to develop dissolution rate tests which gave excellent
correlation between in vitro and in vivo data (27,34).
Steinberg, et al., (60) also used x-rays to study in vivo
tablet disintegration and obtained results-ﬁﬁph substantia-
ted Levy's previous observations. The general conclusion
was that agitation in the stomach was of low intensity and
the invivo disintegraﬁion times were substantially longer

than that obtained using the U.S.P. in vitro apparatus.

(b) Quantitative Tests.

(1) Urinary Excretion

The simplest of all in vivo procedures for obtaining
quantitative data is probably the measurement of urinary
excretion of the drug and/or its metabolites after the admin-
istration of a test dose. Melnick, et al., (38) used ur-
inary excretion data in their study of the physiological
availability of vitamins in pharmaceutical products. This
concept of physiological availability was adopted and further
developed by Chapman, et al., (9) and Morrison, et al.,

(4ly) who studied the relationship between in vitro disin-
tegration time and physiological availability of riboflavin
in sugar-coated tablets. These studies were the [ irst

attempts to correlate in vitro findings with quantitative
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in vivo results. They formed the basis for the regulations
in the Food and Drugs Act that require compressed or sugar-
coated tablets to disintegrate within 60 minutes when
tested by the official tablet disintegration method.

Levy and Jusko (33) employed urinary excretion data to
study the effect of viscosity on drug absorption., They
determined the total amount of salicylate in the urine of
rats after adminisfration of salicjlic acid in methyl-
cellulose solutions of varying viscosities., The urinary
excretion technique was also used by Libby, et al., (36)
to determine the availability of vitamins from preparations
which failed to disintegrate in vitro. They found éextreme
individual variations in tests on the same product and
seﬁeral preparations wére found to be totally'uhavailable
to certain individuals,

(ii) Blood Levels,

The most popular of all in vivo procedures is the
measurement of drug concentrations in the blood (serum,
piasma). For many drugs, the measurement of blood concen-
tration provides a good indication of physiological avail-
ability. However, it should be noted that for some drugs,
such as certain antihistamines, which have a large distri-
bution volume in vivo, this type of a correlation would be
invalid.

Many w orkers have used blood levels as a criterion of
drug availability. Juncher and Raaschov (23) found that

two preparations of penicillin V tablets, which had
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different in vitro disintegfation'dmes, also gave signi-

ficantly different blood levels when tested in humans.

Wood (70) used total salicylate serum levels to study the

in vivo release rate of Acetylsalicylic Acid from hard

gelatin capsules. Levy, et al., (26,32,33,34) used
acetylsalicylic acid and salicylate as test drugs to study
drug absorption and dissolution from dosage forms. In
almost every case, they used blood levels and/or urine con-
tent of drug or metabolite as an indication of drug absorp-
tion. Middleton, et al., (41) used serum levels to invest- -
~igate the absorption of orally administered iron from

sustained release preparations,

In Vivo - In Vitro Correlations.

All in vitro tests have no intrinsic value per se but are
useful only to the extent that they correlate with quantitative
in vivo results. It has been emphasized repeatedly that in
vitro disintegration times give no direct indication of the
time required for a product to dissolve in vivo. However, de-
spite the well-established nature of the relationship between
in vitro and in vivo results, some authors still tend to equate
in vitro disintegration times to in vivo availability.

As indicated previously, Chapman, et al., (8,9) found that
the availability of riboflavin and p-aminosalicylate tablets
to humans could be predicted from their in vitro disintegra-
tion times using a modified U.S.P. disintegration test. Tab-
lets disintegrating in more than 60 minutes were not fully

available in vivo. However, Endicott and Kirchmeyer (13)
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reported that riboflgvin and erythromycin tablets which took
longér théh 60 mins. to disintegrate in vitro were fully avail-
able in vivof |

Levy and Hayes (31), who conducted extensive studies with
acetylsalicylic acid tablets, found that the faster dissolving
tablets (short dissolution half-time) had longer disintegration
times than tablets which dissolved more slowly. In subsequent
work, Levy (27) suggested that the U.S.P. tablet disintegra-
tion test be replaced by a dissolution test for compressed tab-
lets.

Schroeter, gg_gl.,(Su) determined in vitro dissolution rates
and diéintegration times for 76 lots of tablets, including a
steroid, a sulfonamide, and oral antidiabetic agent, and an
Aspirin-Phenacetin-Caffeine combination., Disintegration tests
were carried out with and without the plastic disks. They found
that there was a high degree of correlation between in vitro
disintegration times (without disks) and dissolution rate for
the steroid. No significant correlation was observed for the
antidiabetic agent and the Aspirin-Phenacetin-Caffeine prepara-
tions. There was a tendency for the faster dissolving tablets
to disintegrate more rapidly and the presence of sodium chlor-
ide in some of the sulfonamide preparations markedly influenced
the results., |

Campagna, et al., (6) observed that, in the case of Pred-
nisone tablets, omission of disks in the U.S.P. Disintegration
apparatus gave values which agreed with in vivo results and

dissolution rate values. Carter (7) and Caminetsky (5)
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reported similar observations with Tolbutamide tablets. Clin-
ically ineffective tablets demonstrated substantially longer
disintegration times than-clinically effective ones. Levy (29)
studied the two tablet brands used by Carter and found marked
differences in their in vitro dissolution rates. Although
many other workers have investigated tolbutamide, no in vivo
data has been presented to show that tablets with different
dissolution rates vary in clinical effectiveness (L3).

Middleton, et al.,(40), examined the relationship between
in vitro dissolution rate, disintegration time, and physio-
logical availability of riboflavin in sugar-coated tablets.

They .found a close relationship between disintegration time and
dissolution rate, and both in vitro procedures correlated re-
asonably well with physiological availability measured by urin-
ary riboflavin excretion. It would appear that the results of
in vitro tests in this instance were a useful indication of in
vivo availability.

Quite recently, Levy, et al., (34), reported on an in vitro
dissolution rate test which correlates quantitatively with the
gastro-intestinal absorption of acetylsalicylic acid from three
markedly different types of dosage forms, It was suggested that
the in vitro conditions that yield such multiple correlation
may be expected to be relatively similar to dissolution condi-
tions found in vivo. The résults obtained in this investigation
would suggest that the apparent failure of some dissolution tests
toreflect the results of in vivo studies may be due to improper

test conditions. It was found that a change of only 20% in
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stirring rate, from 60 r.p.m. to 50 r.p.m., resulted in a
successful correlation.

In spite of these encouraging results and the fundamental
relationships existing between in vivo availability and dis-
solution rates, there still remains the problem of finding a

dissolution test than can be applied to all drugs.
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ITI. EXPERIMENTAL

1. Spectrophotometric Determination of Phenylbutagzone,

Phenylbutazone (1,2 - Diphenyl-u-butyl-B,u-Pyrazolidinediohe),
é weak organic acid, pKa L.l, is very:-slightly soluble in water
(Less than 0.7 mg. per ml.) and freely soluble in alcohol (50 mg.
per ml,), acetone, ether and ethyl acetate (39). A solubility of
2,2 mg, per ml, at pH 7.5 was reported by Brodie (2,3). |
After a number of trials, alcohol appeared to be the solvent of
choice for the extraction of phenylbutazone from tablets. Since
large quantities of solvent are required for spectrophotometric
determinations, and because dissolution media are agueous, alcohol
was rejected as a diluting solvent.
(a) Spectral - Absorbancy (S-A) curves.
Spectrophotometric curves were determined in distilled water,
O.1N HC1l solution, simulated gastric fluid U.S.P. (without en-
zyme ), 0,1N NaOH solution and simulated intestinalifluid U.S.P.
(without enzyme). All spectral-absorbancy curves were run on a
Bausch and Lomb Spectronic 505 recording spectrophotometer and
examples of such curves are shown in Figures 1, 2 and 3.
(i) Procedure
The general procedure for preparing spectral-absorbancy
curves is as follows:
Dissolve 100 mg. of phenylbutazone in 250.0 ml. of
alcohol., Dilute a 25.0 ml. aliguot of the alcéhol
solution ter 1000,0 ml. with the solvent specified.
Prepare S-A curves over the 210 mu. to 280 mu. range

using 1% v/v alcohol in the specified solvent as the
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PIGURE 1. Spectrophotometric Curves for (a) Phenylbutazéne and (b) Phenylbutazone

Tablet Extract in Alcohol-Water (1% v/v) Solution.
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FIGURE 2. Spectrophotometric Curve for Phenylbutazone in O.1N HC1l and Alcohol=-

Simulated Gastric Fluid Solutions.
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FIGURE 3. Spectrophotometric Curve for Phenylbutazone in 0.1N NaOH and Alcchol -
Simulated Intestinal Fluid Solutions.
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The wavelength of maximum absorption in each solvent was
determined from each graph and used in subsequent asgay -
procedures.
(ii) Results

Figure 1, Curve A, represents the S-A curve for phen-
ylbutazone in alcohol-water, 1% v/v, solution. Curvwe B
is the S-A curve for phenylbutazone tablet extract in
alcohol-water, 1% v/v solution. These two curves are iden-
tical except for effects due to concentration differences,
There is no sharp absorption maximum but the‘piateau region,
from 245 mu. to 265 mu., can be used anélytically. A1l
subsequent measurements were carried out midway between
these two wavelengths, that is at 255 mu.

Figure 2 represents the S-A curve for phenylbutazone
in simulated gastric fluid U.S.P. (without enzyme). This
curve is the same as that for phenylbutazone in 0.1N HC1
solution., Here the wavelength of maximum absorption is
237 mu, The wavelength of maximum absorption for phenyl-
butazone in simulated intestinal fluia U.S.P. (without
enzyme) and in 0.1N NaOH solution was found to be 265 mu.
These curves, represented by Figures 2 and 3,.correspond
to those reported by Sunshine and Gerber (61) for phenyl-

butazone in 0.1N HZSOA solution and 0.,1N NaQOH solution.

(b) Calibration Curves
A calibration curve indicates the validity of Beer's Law

and, in order to check such validity, absorbancy-concentration
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curves were prepared for phenylbutazone in distilled water,
simulated gastric fluid U.S.P. (Without enzyme) and simulated
‘intestinal fluid U.S.P. (without enzyme.) These curves are

shown in Figures L and 5.

(i) Procedure
The general method for the preparation of such curves
is given below:
Dissolve 100 mg. of phenylbutazone, accurately
weighed, in 250,0 ml. of alcohol. Dilute aliquots,
from 23.0 ml., to 27.0 ml., to 1000.0 ml. with the
specified solvent. Record the absorbancy (AS) of
each solution at the wavelength of maximum absorp-
tion using 1% v/v alcohol in the specified solvent
as the blank,
(ii) Results
All curves were found to be straight lines and,. on
this basis, the absorptivities (as) in various media and
at the wavelength of maximum absorption were calculated

using the equation

where &g is the absorptivity, b the cell length (1 cm.),
¢ the concentration (Gm./L.), and As the absorbancy.

The wavelengths of maximum absorption and the absorp-
tivity values for phenylbutazone in the various media are

- summarized in Table IIT.
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TABLE III.

Wavelength of Maximum Absorption and Absorptivity
Values for Phenylbutazone in Different Mediak

Medium Wavelength of Absorptivity
maximum absorption

Distilled water 255 mu 45.1
0.1N HCl solution 237 12,0
0.1N NaOH solution 265 65.1

Simulated gastric fluid ‘
U.S.P. (without enzyme) 237 Lh2.3

Similated intestinal
fluid U.S.P. (without
enzyme) , 265 66.5

3%+ Average of five determinations
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2. Assay of Phenylbutazone Tablets

(a) Equipment and Reagents

Glass moftar and pestle,

Sintered glass funnel (medium porosity).

Suction flasks (150 ml.).

Volumetric flasks (100 ml. and 1000 ml.).

Pipette (10 ml.).

Spectrophotometer,

Alcohol (95%).

Distilled water,
(b) Procedure

Weigh ten tablets individﬁally. Crush each tablet separat-

ely in a mortar. Add 25 ml. of alcohol sand extract. Filter
the alcoholic solution through the sintered glass funnel insert-
ed into the suction flask., Apply suction if necessary. Repeat
with an additional 25 ml,., of alcohol. Rinse the mortar and
pestle with a further 25 ml. portion of alcohol, and filter, at
the same time washing the residue in the funnel., Quantitatively
transfer the alcohol solution to a 100 ml. volumetric flask and
dilute to volume with alcohol. Mix well, Transfer 10.0 ml.
(pipette) of the alcohol solution to a 1000 ml, volumetric flask
and dilute to volume with distilled water. Mix well. Read the
absorbancy of the aqueous-alcoholic solution at 255 mu. using
a l% v/v alcohol-water solution as a blank. 'Calculate the con-
centration of phenylbutazone in the sample and hence the amount

per tablet.
10 x AS
5.4 x 1

Gm., per tablet =
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(¢) Results

A spectral-absorbancy curve was prepared from a tablet
sample and isshown in Figure 1B, This curve compares favour-
ably with that (for pure drug) in Figure 1A. The implication
here is that no other substances are being extracted and
assayed when this procedure is used. Using this spectrophoto-
metric method, ten tablets, from each of 23 different brands
of phenylbutézane tablets, were assayed individually. The re-

sults are shown in Table IV,

Tablet Disintegration

Disintegration tests were carried out on 23 brands of sugar-

coated and two brands of enteric coated phenylbutazone tablets.

The results are shown in Table V. Approximately one half of these

tablets disintegrated quickly, uniformly, and complied with the

regulations in the Food and Drugs Act. Except for use as controls,

there appeared to be no need to study these products in depth.

Some of these and most of the products which had longer disintegra-

tion times or did not disintegrate uniformly were, therefore, sing-

led out for further investigation. The official tablet disintegra-

tion method and four modifications were used in studying these

twelve products.

(a) Methodology
Method I: This is the official method specified in the
regulations to the Food and Drugs Act. The method is described

in detail in Appendix B,
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TABLE IV

Assay Values for 23 Brands of Phenylbutazone
Tablets*

Mg. of phenylbutazone per tablet

Sample Code B2 ¢ D E F e

Tablet No.
1 95.5 98.5 100.0 102.5 97.5 100.0 100.5
2 98,5 99,0 102.,0 100.0 99.0 -102.0 100.0
3 100.0  98.0 100.0 103.0 98.5 - 105.0  98.5
I 101.0 101.0 103.0 101.0 99.0. 102.0  96.5
5 - 99.0 81.5% 98,5 102.0 96.0 100.0 97.0
6 102.5 103.5 100.5 104.5 96.5 102.5 98;0
7 99.0 80.0% 102.0 102.0 96,0 104.0  104.0
8 103.0 99.0 96,0 103.0 99.0 104.0 101.0
9 102.0  91.0° 100.0 103;0 95.5 103.5  103.0
10 101.0 102.5 102.0 102.5 97.5 100.5  .99.5

Average '

(mg./tab) 100.2 95.4 100.0 102.2 97.5 102.0 99.8

Standard , .

deviation 2.29 8.3 2.09 1.25 1.38 1.82 2.8l

s+ Label claim = 100 mg./tablet

a Outside the acceptable potency range of 85% to 115% for
individual tablets. (N.F.XII)

b Outside the acceptable potency ramge of 93% to 107% for
composite samples. (N.F.XII)



Table IV Continued

19

Mg. of phenylbutazone per tablet

b

H I 3 K L M N 0
1 99.0 95.0  95.5  94.5 96.7 96.1  98.5  96.7
2 101.5  100.0  92.0° 98.5 96.9 96.5 100.0 99,8
3 101,0 95.0 98,0 103.0 101.0 94.3 100.0 99.1
L 98,5  101.5  93.5 96.0 101.3 94.1 103.5 98.4
5  99.0  104,.0  94.0 98.5 101.5 92.1° 99.0 97.5
6 98,0  99.5 9.5 99.5 96.9 95.0 104.0  95.0
7 101.0 94.0  90.5° 99.0 101.3 - 99.4 103.7 98.4
8 99.0-  96.0  88.0° 97.5 102.1 98.5 101.2 97.5
9 98.5  100.5  95.0 94.5 104.1 99.8 97.0 98,0
10 96.5 98.0  87.5° 102.5  96.7 90.6° 105.5  98.0
Average
(mg./tab.) . b ’
99.2 98.3 92.8° 98.3 99.9 95.6 101.2 97.8
Standard
deViationl.SS 3.29 3.35  2.92  2.77 3.0 2.80 1.32

b Outside the acceptable potency range of 93% to 107% for
composite samples.

(N.F.XII)
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Table IV Continued

Mg. of phenylbutazone per tablet

p° Q R s 7 W X Y
1 91.7°  102.7 101.1 101.5 101.3 106.5 102.2  96.9
2 89.7° 101.8 107.7° 99.8 100.7 101.5 107.3° 97.8
3 87.8°  100.8  104.5  97.8 100.2  99.8 4111.5b 98.8
L 86.0°  96.7 104.2 100.0 105.2 104.2 108.4° 99.2
5 92.1°  106.1 101.1 99.8 104.7 104.9 104.0  98.2
6 87.3°  102.0  99.4 104.8 101.2 105.7 86.8° 99.4
7 90.8° 99.8 101.1 100.0 99.6 102.2 89.3° 97.2
8 86.0°  103.8  98.1 103.1 100.0 106.1 106.7 99.6
9 86.8°  100,0 103.5 102.0 101.5 103.7 103.2 98.7
10 90.8°  102.0 102.7 101.5 101.2 101.2 103.0  98.4
Average
(mg./tab) b
88.9 101.5 102,3 101.0 101.6 103.6 102.2 98.4
Standard
deviation

2.38 2.47 2.78  1.99 1.88 2.30 8.01 0.29

b Outside the acceptable potency range of 93% to 107% for
composite samples. (N.F.XII) :



TABLE V

Disintegration Times of Phenylbutazone
Using Method IIs

Sample Code Average Disintegration Range
Times (Minutes) (Minutes)

A 18 11
B 12 8
C Ly 1
D 20 .2
E b1 65
F 32 5
G 51 58
H 39 29
I 9 5
J 10 Iy
K 17 1
L L1 2l
M 2l | | 7
N 18 9
0 1L 3
P I3 61
Q 37 2l
R 20 L
S n 0
T 21 ‘ 10
U Enteric coated

v Enteric coated

W 71 Th
X 56 71
Y 6 1

3t AVerage of six tablets.
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Method II: Method I was modified to utilize only simulated
gastric fluid, |

Method III: Method IT was modified by omitting the discs
described in the official procedure.

Method IV: Method I was modified to utilize only simulatedi
intestinal fluid. |

Method V: Method IV was modified by omitting the discs

described in the official procedure.

An Erweka tablet disintegration tester (Type ZT2) and a
Fisher thermostatically controlled immersion heater were used
in the above methods. This equipment complies with the specifi-

cations in the U.S.P. All test media were prepared without

enzymes,
(b) Results

Tablet disintegration results are shown in Tables V, VI,

VIT and VIII.

Tablet Dissolution
(a) Solubility of phenylbutazone.

Dissolution studies are usually carried out in water, sim-
ulated gastric fluid, or in simulated intestinal fluid. Prelim-
inary investigations showed that ph@nylbutazone was relatively
insoluble in all these media. The general procedure used to
determine such solubilities was as follows:

Add 100 mg. of phenylbutazone to 1000 ml. of media

(500 mg. to 100 ml. in the case of simulated in-

testinal fluid.) Maintain at 37OC, with constant
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TABLE VI

Disintegration Times of Phenylbutazone
Tablets Using Method 1

Tablet No. 1 2 3 L 5 6 Mean Time Standard
(Minutes) Deviation

Sample Code Time in minutes

A 11 13 17 21 21 =22 17 b7

B 8 8 13 13 1 16 12 3.3

c 3 3 L L L 4 L 0.5

D 19 19 20 21 20 21 20 | 0.9

E 28 18 83% 37 39 L4l L1 22.3

G W5 L5 L5 30 45 Uu5 43 6.3

H b8 45 L5 30 25 20 35 12

L 28 36 48 L2 52 LO L1 8.6

P 55 55 28 LO 38 45 L2 10.6

Q 39 39 53 39 52 41 nn 6.8

W 59 L6 71x T72% a 59 613 28.9

X 52 59 58 23 62% 53 51 1l 3

# Disintegration time in excess of 60 minutes

a Did not disintegrate within 120 minutes



TABLE VII

Disintegration Times of Phenylbutazone

Tablets using Methods Il and III.

SL(...

Method IIs

Method ITI:

Sample Code Time " Range.

(Minutes)

Time

Range
(Minutes)

o

1L

Q
=

19
35
51
36
38
36
39
80

s £ W o o e H U

70

13

L5
16

22

80

58
a

L
19

57
L3
38
68
61

51

28
13

73

Average of twelve tablets

a More than two hours for all tablets tested
b More than two hours for one to thrge tablets
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TABLE VIII

!

Disintegration Times of Phenylbutazone
Tablets Using Methods IV and V.

Method IVs Method Vs
Sample Code Time Range Time Range

(Minutes) (Minutes)

A 17 5 19 16

B 13 n a a

c N 2 5 3

D 27 7 3l 17

E 38 1.8 a a

G L1 70 Sl 60

H e 5 '50 13

L 28 15 72 b

P 37 13 25 29

. Q 79 55 a a

W a a a | a

X | 62 L3 a a

% Average of twelve tablets
a More than two hours for all tablets tested
b More than two hours for one to three tablets
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agitation, for 2l hours., Filter and assay the

filtrate spectrophotometrically.

The results of these investigations indicated that 0.025
mg. of the drug dissolved in one ml. of water, 0,018 mg. in
one ml. of simulated gastric fluid (pH 1.2}, and 3.2 mg. in
one ml. of simulated intestinal fluid (pH 7.5).

It is customary in investigations of this type to determine
the time required for 50% of the drug to dissolve in a certain
quantity of medium. From the above results, it was evident
that this would not be possible when simulated gastric fluid
was used as test medium. However, the time required for 10%
~and 20% of the drug to dissolve together with mg. of drug dis-

solved at various time intervals can easily be determined.

(b) Methodology

The twelve products selected for intensive disintegration
studies were also chosen for the dissolution investigations.
Most of the methodology is the same as that outlined in the pre-
vious section. The numbering system is consistent with that
previouSly used and the necessary modifications are outlined

belows:

Method I was not used in these investigations.

Method II A: This is the same as Method II except that
aliquots of dissolution medium are taken, at varying time in-
tervals, for analysis., These samples @re taken through a sam-

pling device, a diagram of which is shown in Figure 6.
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(i) Sampling Device

A sampling device was assembled usinga sintered
glass funnel of course porosity and a sintered disk
sampling tube of medium porosity. This was then con-
nected to vacuum and compressed air outlets as shown
in Pigure 6. Before a sample was withdrawn, clamp A
was opened and clamp B closed, All the liquid in the
device was then blown out into the bulk solution.
Clamp A was then closed and clamp B opened. A sample
was then drawn up into the funnel by suction and a 10
ml., aliquot pipetted off for analysis. The remaining

sample in the funnel was immediately put back into the

bulk solution by closing clamp B, opening clamp A, and

turning on the compressed air. This procedure was fol-

lowed for all samples taken for analysis during the

course of this investigation.

Method IIIA: This is the same
above, samples were withdrawn for
Method IVA: This is the same
above, samples were withdrawn for
Method VA: This is the same

above, samples were withdrawn for

Using the above four methods,

data was obtained for six tablets

as Method III. As described
analysis.

as Method IV. Aé described
analysis,

as Method V. As described

analysis.

disintegration and dissolution

from each of the twelve pro-

ducts. Dissolution samples were taken after one and two hours.,

The results are listed in Table IX.
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TABLE IX -

Disintegration Times and Dissolution Characteristics
of Phenylbutazone Tablets Using Methods II to V Inclusives

Sample Code Disintegration Time Dissolution
(Minutes) Mg. in solutionss:
Methods ) Methods
II III IV V IIA  IIIA  IVA VA
1 2 1 21 2 1 2
A 17 52° 17 19 3 L 2 L 28 L 32 51
B 16 a 13 a 3 5 1 1 30 38 26 41
c TR 5 6 3 4 80 89 74 85
D 17 19 27 34 2 3 2 5 50 68 L1 60
E 29 a 38 a 6 9 L 8 70 77 10 29
G 62 57° 415U L 5 3 4 50 72 38 6L
H 32 L3 Lo 50 L 5 3 L L9 68 33 55
L 35 38 28 72 L 5 5 7 51 66 37 L9
P 28 68 37 25 9 11 3 5 69 78 65 75
Q 4O 61 79  a 3 4 2 3 24 56 13 38
W % & & a 5 1 2 30 4 6 21
X 83 51 62 = 2 3 2 3 2, 48 L4 11
f%iicﬁii? 30 34 98 100

Average of six tablets
w2t Mg. in solution after one and two hours,
a More than two hours for all tablets tested.
b More than two hours for one to two tablets,
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Dissolution tests were repeated on individual tablets using
Methods IIA and IVA. One tablet was placed in a tube of the
basket-rack assembly and the apparatus operated in the usual
manner. This test was repeated twice for each product. Sample
aliquots were thained for analysis after 15 minutes, 30 min-
utes, 60 minutes, 90 minutes, 120 minutes and every hour there-
after for seven hours., The results are shown in Table X and

illustrated in Figures 7 and 8.

Methods VI and VII

(i) Apparatus

The apparatus used in this method is similar to
that used by Levy and Hayes (31). It consists of a con-
stand temperature water bath, a Fisher Stedi-Speed ad-
justable stirrer (Model 12), a teflon coated three blade
impeller (5 cm. in diameter), a cylindrical wire basket
with a hinged top, made from 10 mesh stainless steel
wire cloth (2.2 cm. in diameter and 2.8 cm. in length)
and a three liter glass container similar to that used
in the previous methods. The wire basket dimensions
were similar to those of the tubes used in the tablet
disintegration apparatus. The length of this basket
was approximately the same as that from the wire screen
to the bottom of the plunger in the official apparatus.

(ii) Test procedure

The three liter glass jar containing 2.5 liters of

test medium was allowed to equilibrate in the constant

temperature water bath at 37°C % 1°C. 4 single
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TABLE X

npisintegration Time and Dissolution Characteristics
of Phenylbutazone Tablets using Methods IIA and IVA#*

Sample Code Disintegration Time Dissolution
(minutes) Mg. in solutionit:
IIA IVA ITIA - Iva

2 L 6.2 L 6

15 17 10 17 24 58 74 61
11 20 2 51 68 74

w e
(@]
(98]

C L 5 30 32 33 99 102 102
B 15 32 5 9 13 67 85 93

E 30 37 16 18 19 92 96 98

G L2 1,0 13 21 28 97 106 110

H 35 L7 9 14 19 76 92 99

L 37 4o 6 10 1, 65 84 95

P 1,0 30 15 18 22 90 92 92

Q 23 58 6 9 15 67 8 88

W 63 b 1, 21 28 53 8L 99

X 75 70 12 17 21 57 8 95
(§2§2eg€§g , 3L 35 36 100 100 100

Average of two tablets.
= Mg. in solution after two, four and six hours
b Tablet slowly dissolves.
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phenylbutazone tablet was placed into the cylindrical
wire basket which is hung below the impeller of the
stirring shaft. The stirrer is then inserted into the
liquid to a depth of 10 cm. below the surface. The
speed of agitation in all cases was 100 rip.m. in a
foreward (clockwise) direction., Sample aliquots were
taken at 15 minute intervals for the first hour, 30
>minute intervals for the second hour, and, thereafter,
at hourly intervals for seven hours. The sampling
procedure has already been described,

Disintegration times, that 1s, the time required
for tablet residue to fall through the bottom of the
basket, were also determined during these dissolution
studies. Two tablets from each of the twelve phenyl-
butazone samples were tested individually in both
gastric fluid (Method VI) and intestinal fluid (Method
VII) without enzymes. The results are tabulated in

Table XI and illustrated in Figures 9 and 10.
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Disintegration Times and Dissolution Characteristics
of Phenylbutazone Tablets using Methods VI and VII. .

Sample Code Disintegration Time Dissolution
(minutes) Mg. in solutions=:
VI VIT VI VII
2 L 6 2 Iy 6
A 20 30 6 11 14 80 94 99
B a 30 2 3 4 60 83 93
C Iy 5 29 31 33 99 99 99
D 20 30 5 9 12 78 98 104
B a b 0.5 1.5 é 21 56 76
G L5 25 10 18 22.98 100 100
H L5 L5 7 11 15 75 96 99
L 30 35 11 1, 18 80 94 99
P 25 35 12 18 22 86 87 88
Q 45 60 6 12 16 39 59 70
W a b 0.2 0.8 1.2 29 6L 88
X c c 3 11 17 0.5 7 48
(Pevoent) 26 28 29 99 100 100

Oo‘m:iz

Average of two tablets

% Mg. in solution after two, four and six hours
More than seven hours

Tablet slowly dissolves

Tablet coating intact for three to four hours
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IV, DISCUSSION

Three topiecs will be discussed in this section - the test pro-

cedures, the quality of the products investigated, and the prelim-

inary release characteristics of phenylbutazone and phenylbutazone

in tablet form.

1.

Test Procedures and Results,

(a) Tablet Assay.

All assay procedures for tablets in the official compendia
specify that not less than twehty tablets should be ground up,
thoroughly mixed, and suitable samples takenvfor analysis.

This procedure generally tends to give results which fail to
indicate any tablet to tablet content variation. Since tablets
are usuaily administered singly, or at least in quantities some-
what less than that specified in an assay, it is important that
the drug content of each and every tablet comply with the label
claim.

The N.F. XTI (48) has introduced a test for uniformity of
drug content in tablets, This test states that noi more than
one.Out of thirty tablets may assay outside the limits of T 15%

of labelled potency. Although this is a step in the right

~direction, the problem of excessive variability still remains.

Products which fall just within the extremes of these limits
may be therapeutically tolerable;‘however, such results would
indicate poor manufacturing procedures and this should not be
encouraged, In addition to the present requirements, a more

stringent test should be applied. Either a standard deviation
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or range 1imit should be included in the test. As the test
now stands, a rahge of 30% may well be acceptable,
The results of this investigation indicate that asuitable

test for uniformity of drug content in tablets should read:

Assay ten tablets individually. The average
content of these ten tablets should fall
within ¥ 7% of labelled potency. The standard
deviation for the ten individual assays should
be not mofe than 4% and no tablet should assay

less than 85% or more than 115% of labelled

potency.

The assay procedure for phenylbutazone tablets in the N.F.
XIT (48) calls for samples containing 600 mg. of drug (that is,
.the equivalent of six tablets). An attempt was made to assay
individual tablets by this titrimetric procedure. The results
were inconsistant primarily because of the small quantity of
drug in each tablet and for this reason a spectrophotometric
procedure was developed. This method of analysis was described
in the previous section. This procedure, on the basis of re-
sults on pure drug and tablets containing phenylbutazone, was
found to be accurate and was therefore used in all single tablet
assays.

(i) Results.

The N.P. XII sets limits of ¥ 7% of label claim for the
average assay of phenylbutazone tablets. Of the 23‘samples
tested, two samples, J and P, assayed 92.8% and 88.9% re-

spectively as shown in Table IV. If individual tablet assay
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is considered (the N.F. allows ¥ 15% of labelled potency),
one other sample, B, contained tablets assaying less than
85% and, therefofe, would be rejected although the average
assay was within the limits of 93% to 107% of label claim.
However, if the suggested criteria of a L% standard devia-
tion is applied, one other product, X, would be rejected,
Two other samples, M and R, contained tablets which, on an
individual basis, were outside the limits set for average
assay and it is doubtful if these.tablets could be consid~
ered adequate. These results would tend to substantiate
the observations made by Brunning and King (L) that the
present official attriﬁute methods of tablet testing cannot
differentiate or detect excessive tablet to tablet varia-
tion.

It was also noted that although the 1abelléd potency of
all products was 100 mg. of phenylbutazone per tablet, six
samples, E,J,M,0,P and Y contained tablets which assayed
less than this amount. However, sample Y showed the least
variability (a standard deviation of 0.29) in tablet potency
indicating good control procedures during manufacture,

This may be compared with the variability shown by samples

B and X (standard deviations of 8.36 and 8.01 respectively)
which was more than the 4% limit suggested and would indicate
poor quality control, |

All tablets studied are available commercially in

Canada and were purchased through regular drug outlets.
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(b) Disintegration Tests.

(i) 1Initial Investigations

Initial investigations using Method II showed that
the disintegration times of the 23 products varied from
four to 71 minutes as shown in Table V. The times for four
products were less than ten minutes and for nine products
were greéter thaﬁ thirty minutes. However, only one pro-
duct failed to comply with the regulations in the Food ahd
Drugs Act. Even though most products complied with exist-
ing regulations, there waé much in-product variation.

Sample C is én example of a good product, the minimum
disintegration time being three minutes and the maximum
being four minutes. On the other hand, many other products
showed extreme variability. ‘For example, sample W, with a
disintegration time of 71 minutes, showed a minimum time
of ;6 minutes and a maximum time of more.than 120 minutes,
These results would indicate poor quality control. A re-
asonable spread of values would be approximately fifteen
minutes, Using this arbitrary limit as a base, eight of
the 23 products would show excessive variability,.

0f the twelve products chosen for more intensive study,
one disintegrated in less than ten minutes, three had dis-
integration times between ten minutes and thirty minutes,
seven disiﬁtegrated’between thirty minutes and sixty
minutes and one showed a disintegration time of more than

8ixty minutes.
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(ii) Investigations On Twelve Products.

= The official disintegration test (Method I) on the
twelve products indicates that sample W fails to comply with
the time 1limit requirement of sixty minutes (see Table VI).
This product, and sample E, contained individual tablets
which showed disintegration times in excess of 75 minutes.
The variability (measured by one standard deviation) in
>disintegration times from tablet to tablet for these two
products was 80% - 100% greater than for the product with
the next highest time. This would indicate non-uniform
tablet production.

Disintegration tests by Methods II and IV showed no
appreciable differences in average disinfegration times for
eleven of the twelve products tested as shown in Tables VII
and VIII. One product, Q, had an average disintegration
time of 39 minutes by Method II compared to 79 minutes by
Methdd IV. However, within a test, some products showed a
high degree of variability. Sample G. by Method II, con-
tained tablets ranging from 30 minutes to 75 minutes and by
Method IV, from 20 minutes to 90 minutes. Samples E and Q,
by Method IV also showed ranges of 8 minutes and 55 min-
utes respectively. Sample W did not disintegrate by either
method. Sample X had a long disintegration time coupled
with a high variability under the same test conditions.

.A comparison of the disintegration times by Methods I,
IT and IV, for the twelve products, showed that sample Q

had a disintegration time which was 100% longer by Method
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IV than by either of the other two methods. Sample X,

when tested by Methods II and‘IV, showed disintegration
times of 70 minutes and 62 minutes respecti#ely as compar-
ed to 51 minutes obtained by Method I. The results would
also indicate that two products, W and X, demonstrate pro-
longed disintegration times under all test conditions. For
ten of the twelve products, the disintegration times obtain-
by these methods utilizing discs, were within fifteen min-
utes of each other. |

Three products C, D, and L, demonstrated identical dis-
integration times when tested by Methods II and III. The
other nine products showed distinctly longer disintegration
times with Method III. By this method, no tablets from pro-
ducts B, E and W disintegrated within two hours., Products
A, G, P and X contained one to three tablets which also
failed to disintegrate within this time.

The disintegration times for two products, A and C,
were relatively unaffected by changing from Method IV to
Method V. All tablets of the five products B, E. Q, W and
X, failed to disintegrate within two hours when tested by
Method V. Product P disintegrated faster by Method V while
products D, G, H and L disintegrated faster by Method 1IV.
Tablets from products B, B, W and X failed to disintegrate
within two hours when tested by Methods III and V as shown
in Tables VII and VIII.

It should be noted that one product, C, showed a con-

sistantly low disintegration time of four minutes when

tested by any of the five methods.
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(iii) Summary of Results

The results obtained in this investigation would in-
dicate that the present disintegration test does not dis-
criminate sufficiently when excessive variability is a
factor. There is an obvious need for a more stringent test,
one which would include some measure of variability such as
range or standard deviation. A practical 1limit might be a
fifteen minute spread in disintegration times between tab-
lets in any one test.

The results, obtained with and without discs, suggest
that the discs were necessary to keep the disintegration
times within reasonable limits for all tablets tested, With-
out the discs, 50% of the tablets tested would have disin-
tegration times in excess of two hours., The absence of
discs made no difference for the other 50%4. In most cases,
there were no significant differences in disintegration times
when gastric fluid or intestinal fluid was used as test
medium.,

The discs were originally included in the test procedure
in order to exert gentle physical frce on the tablets. This
was supposed to simulate forces encountered in the gastro-
intestinal system. Early investigators in the Food and Drugs
Laboratories indicated that this procedure was valid for the
products tested. However, subsequent investigations by
several workers (28,60) indicated that in vivo conditions
were such that tablets were not subjected to much physical

force while in the stomach.



(c)

3.

The results of this investigation would indicate that
tablets could be formulated to disintegrate (without discs)
under in vitro conditions which may be more indicative of
an in vivo climate. This test may have some merit if an
in vitro - in vivo relationship is to be implied from the
disintegration test. However, the present disintegration
test should not be used as an indication of drug avail-
ability unless in vivo data is obtained and correlated to

the in vitro results.

Dissdlution Tests.

(i) Tests on Six Tablets.

The amount of phenylbutazoﬁe in solution after two
hours ranged trom 3 - 11 mg. and from 1 - 8 mg..when the
tablets were tested by Meﬁhods ITA and IIJA respectively.
For most products, the resulté indicated that the amount
of drug in solution was lower by Method IIIA than by Method
IIA. However, two products, A and X, showWwed no change in
dissolution rates. Two other products, D and L, showed
higher results by Method IIIA. It was also noted that tab-
lets which did not disintegrate fully within the time limit
of two hours showéd lower levels of dissolution. Product
E, when tested by Method IIIA, seemed to be an exception.

The dissolution levels were, as expected, higher by
Methods IVA and VA than by Methods IIA and IITA. The max-
imum amount of drug in solution in two hours ranged from
38 - 89 mg. and from 11 - 85 mg. as determined by Methods

IVA and VA respectively. Two products, A and B, showed



The

higher levels by Method VA than by Method IVA. This re-
sult seems to be reasonable for product A since disinte-
gration of these tablets was relatively rapid. However,
the tablets of product B did not disintegrate within two
hours. The other products E, Q, W and X, which also did
not disintegrate, showed low dissolution rates. It was
also noted that for product W, whose disintegration was
poor by all methods, the presence of the discs in Methods
ITA and IVA seemed to aid in the dissolution process.

Many investigators have used the Gershberg-Stoll app-
aratus to study dissolution of wvarious tablets. The re-
sults of the present investigation shows that tests condu-
cted with'discs generally gave higher dissolution rates than
tests without discs. They also show that rapid disintegra-
tion aided in the dissolution process. From the previous
, discussion on disintegration studies, it was suggested that
the presence of the discs may tend to mask the true charact-
eristics of the tablets. Therefore, although the discs may
be expedient in disintegration tests, they should be omitted
if this apparatus is used for dissolution studies. In this
case, the disintegration and dissolution of the tablets
would better reflect the true inherent characteristics of
the products.

(ii) Tests on Individual Tablets.

Dissolution profiles of single tablets from each of
the twelve products were obtained using Methods IIA and IVA.

The results are tabulated in Table X and illustrated in
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Figures 7 and 8. The disintegration times listed are for
the individual tablets tested. After_six hours, the max-
imum amount of pure powdered drug dissolved from a gelatin
capsule in gastric fluid was 36 mg. One product, C, app-
roached this 1limit with 33 mg. in solution after six hdurs.
In general, the results indicate that there were at least
three different patterns of drug release from these tab- .
lets.

Product C and the pure drug dissolved rapidly during

the first 30 minutes, more slowly during the next 90 minutes
and showed no additional solution after about two hours.
At the other extreme, products such as D, L and Q seemed to
release the drug at a constant rate over a six hour period
at a level which was about 60% lower than that for prqduct
C. All other products fell between these extremes,

Initial dissolution rates during the first 90 minutes
appeared to depend upon the disintegration time. The'faster
disintegrating tablets showing the highest rates, After
this initial period, the rate of release of drug from all
products was observed to fall into three patterns. The
rate of release from products D, L, Q@ and H were almost
identical. The same may be said of products (4,B,X) and
(W,G); and Products (E,P) and C. The differences in initial
disintegration times could account for the differences in
dissolution levels attained by these products in six hours.
It should be noted that although the disintegration times

of products W and X were in excess of 60 minutes, the drug
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release patterns, after disintegration had occured, were
better than those obtained for products with shorter disin-
tegration times.,

Since phenylbutazone is more soluble in intestinal
fluid than in gastric fluid, the dissolution levels attained
by Method IVA (Figure 8), were much higher than those ob-
tained by Method IIA. Within 30 minutes, 85% of the drug
from products A, E, G. P, and a pure drug sample had dis-
solved and 100% was in solution after 90 minutes. Products
(A,B) and (D,L.Q) showed a much more gradual rate of re-
lease reaching levels of about 75% and 85% respectively after
five hours, Disintegration times seemed to affect the re-
lease of drug from products such as H and X. However, after
disintegration, the rate of release was fairly rapid. Pro-
duct W did not disintegrate but slowly dissolved after the
outer coat had broken away.

The release pattern for a good phenylbutgzone tablet,
using Method IIA, appears to be as follows: 20% released
in 15 minutes, 25% in 30 minutes, 27% in 60 minutes, 30%
in 90 minutes, and 33% between three and six hours. This
may be compared with approximately 34% dissolution for pure
in three hours. In intestinal fluid (Method IVA), 75% of
the drug should be in solution within 15 minutes and 100%
between 60 and 90 minutes.

The performance of the tablet preparations when test-
ed by Methods IIA and IVA could be rated as follows:

Product C demonstrated good dissolution characteristics by
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both methods. Products E, G and P showed good release by
Method IVA only. Products L, D, and Q showed poor release
patterns by both methods,

Stimrer method.

Previous investigators have determined £hat factors
such as ratesof agitation (r.p.m.), depth of stirrer, and
medium used can influence the rate of drug release from
solid dosage forms. With this in mind, preliminary studies
to determine the effect of stirring rate and deptﬁ of stir-
rer on dissolution rate were carried out using one brand of
phenylbutézone tablets., It was found that a stirring speed
of 100 r.p.m. (with the stirrer blade set 10 cm., below the
surface of the liquid) was fast enouéhnto allow for homo-
genous mixing of the dissolved drug but slow enough to avoid
any turbulent action. The coarse tablet particles were
observed to be’gently swirled around the bottom of the con-
tainer forming a mound below the stirrer.

Methods VI and VII were used to study the dissolution
characteristics of individual tablets from each of the
twelve samples. The disintegration times listed in Table
XI are for the individual tablets tested. The maximum
amount of drug in solution after six hours ranged from 1.2 -
33 mg. as determined by Method VI. Tablets B, E and W,
which did not disintegrate, showed very low dissolution
levels,

The release patterns obtained by Method VI (Figure 9)

were similar to those obtained by Method IIA (Figure 7),
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excepﬁ that the products at the various levels may be in-
terchanged. The presence of the disks in Method IIA may
have been responsible for the difference between the re-
lease patternslobtained for products B, E and W by this
method and those obtained by Method VI. When sample tab-
lets from these products were crushed before testing, the
dissolution patterns obtained were identical to those of
tablets from product C and of the pure drug sample. These
results would indicate that the drug was available from the
formulation. Tablets from product X contained a coating
which remained intact for three to four hours and this would
affect the dissolution rate as seen from the curve.

Dissolution profiles obtained by Method VII are depic-
ted in Figure 10. The trends may be illustrated by three
release patterns: tablets such as those from samples C,

G and P show initial rapid dissolution to a maximum of 100%
within the first hour; tablets from samples‘E, @ and W do
not completely disintegrate and hence release their drug
content at a more gradual rate; the other samples fall some-
where between these twovextremes.

Product X is exceptional in that it contains a coating
material which is resistant to disintegration by either of
these test methods. It also showed some resistance when
tested by Methods IIIA and VA. However, once this coating
was removed, the drug dissolved rapidiy. Tablets from
samples E and W slowly dissolved but.did not disintegrate

into fine particles., Sample P is a good example of a product
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which is well formulated and releases its active ingred-
ient. However, it is poorly controlled with respect to its
drug content.

Disintegration, as observed by this test method, does
not automatically imply dissolution, Five products tested
in simulated gastric fluid disintegrated but showed poor
release patterns. Two products, tested in simulated intes-
tinal fluid, also disintegrated and showed low levels of
dissolution.

(iii) The Stirrer Apparatus (Methods VI and VII) ws. the
F.D.D. Apparatus (Methods IIA and IVA),

The release pattern for a good tablet tested by the
stirrer method appears to be very similar to that obtained
by the F.D.D. apparatus. For product C, using Method IIA,
the time for 10% release (T10%) was ten minutes and for 20%
release (T20%) was 2} minutes. By Method VI, T1l0% was also
ten minutes and T20% was 28 minutes. These results may be
compared with that for pure drug when T10% was 15 minutes
and T20% was 31 minutes, as shown in Table XIT.

Using Method IIA, four products, L, P. Q and X failed
to attain 20% dissolution in five hours. Product Q did not
even attain a T10% level in more than five hours., .Therefore
eight products attained 20% dissolution in five hours or
less. On the other hand, with Method VI, only three pro-
ducts C, G and P showed a T20% of five hours or less. TWO
of these, G and P, were 300 and 288 minutes respectively.
Hence nine products tested by this method failed to attain

20% dissolution in five hours. Three of these products,
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TABLE XII

Release Patterns for Phenylbutazone from Tablets
using Methods ITA and VI.s

Sample Code Method IIA Method VI

T 10% T 20% T 10% T 20%

(Minutes) (Minutes )

A 132 278 21,0 a
B 132 297 aP a®

C 10 2l 10 28

D 169 282 29l a
B 25 178 aP aP

G 96 289 120 300

H 135 288 219 a

L 255 a 177 a

P 1,0 313 99 288

Q 330 390 198 a
W 72 226 aP a®

X 95 332 174° 372°

Pure Drug 15 31 21 60

% Average of two tablets

=% Time for 10% and 20% of the drug to be in solution
More than seven hours

Tablet essentially intact after seven hours

Tablet coating intact for three to four hours

[eXR o2+ :{. b3
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B, E and W, also failed to have a T10% of less than five
hours. The tablets of these three products were essentially
intact after seven hours. However, the tablets of five
products, A, D, H. L and Q, although they disintegrated, did
not release 20% of their active ingredient in seven hours.

Tests by Method IVA showed that only one product, B,
had a T75% in excess of five hours. With Method VII four
products, E, Q, W and X, had a T75% of more than five hours.
Products E and W again failed to disintegrate, however, they
dissolved slowly, These results are shown in Table XIIT.

Methods ITA and IVA would appear to give more favour-
able results which may or may not represent the true diss-
olution characteristics of the products. However, these
two me thods were rejected for dissolution studies since the
presence of the discs seemed to overly.influence the diss-
olution rate of the drug from the tablet. Previous authors
(8,5) have suggested that a test without discs might be a
more acceptable procedure, However, insufficient data was
collected in this investigation to warrent any definite
conclusions on the merits of this system at this time.

All methods give essentially the same type of diss-
olution curves in gastric and intestinal fluids., The discs
in the F.D.D. apparatus tend to produce a more rapid disin-
tegration of the tablets than would normally occur without
discs. Significant differences in dissolution rates may
not then show up on dissolution testing using this éppara-‘

tus., This was obvious in the case of products B, E and
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Release Patterns for Phenylbutazone from Téblets

using Methods IVA and VII.x

Sample Code Method IVA Method VII

T 50% T 75% T 50% T 75%

(Minutes )sest (Minutes )+

A 83 268 54 96

B 121 369 86 188

c 9 20 9 13

D 69 165 57 108
E 36 N 210P 352°

G 36 57 31 b2

H 65 122 80 120

L 77 169 54 97

P 27 140 36 49

q 86 165 - 174 a
W 113 207 188° 308°

X 72 165 369° a
Pure Drug S 6 10 5 10

Average of two tablets

More than seven hours
Tablet slowly dissolves

oc‘;n,;::

Tablet coating intact for three to four hours

% Time for 50% and 75% of the drug to be in solution
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W which were shown to release the dfug only after being
crushed.,

Products D and Q remained at about the éame low diss®
olution level with all methods although their tablets did
disintegrate (at the time of the test) within the official
time 1limit of 60 minutes. Conversely, product C remained
at the same high level with all methods and systems uséd.

In general, the 8tirrer method.tended to give dissol-
ution results which probably would be more consistent with
the actual inherent behavior of the individual tablets.
Here the dissolution characteristics were not marked by
disintegration forces which may or may not aid in the diss-
olution process, It is therefore‘suggested that for dissol-
ution tests, the official disintegration apparatus should
be discarded and some other method, such as the Stirrer

method, used in its place.

(d) Disintegration - Dissolution Correlations.

No specific correlations could be found between disintegra-
tion times and dissolution rates of phenylbutazone from com-
pressed tablets. It was observed that tablets which disinte-
grated slowly always showed lower dissolution rates. However,
tablets which disintegrated rapidly did not necessarily show
higher dissolution rates. One product consistently exhibited
short disintegration times and high d issolution rates. However,
in the majority of cases the availability of the drug from the
tablets could not be predicted from their disintegration behavior.

These observations have also been reported in the literature (U3,

5&-’67) .
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2., Product Quality

(a)

(b)

Tablet Assay.

(i) Two of the 23'pfoducts tested, J.and P, would be reject-
ed on the basis of avérage content.

(ii) One other product, B, woﬁld be rejected on the basis of
individual tablet assay.

(iii)Product X would also be rejected if the suggested cri-
teria of a 4% standard deviation was applied.

(iv) On the basis of (1), (ii) and (iii) above, four of the
23 products tested (approximately 17%) would be rejected.
(v) Two products, I and M, although complying_with official
requirements, had standard deviations between 3 and Iy and |
therefore would appear to show questionable characteristics

with respect to potency variations

Tablet disintegration. |

(i) By the official procedure (Method I), two products

(W and E) wouid fail to comply with current regulations.
(ii) Allowing for a fifteen minute spread in values, six pro-
ducts (E, G, H, P, W and X) would show excessive in-product
variability when tested by Methods I, II or IV,
(iii)Considering individual products, only two (Q and X)
would show between-methods variability.

(iv) Two products (W and X) showed prolonged disintegration
times by all methods.

(v) Fifty per cent.of the products tested would fail to
comply either with current regulations or the proposed in-

product variability criteris of T 15 minutes.
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| (¢) Tablet Dissolution.
(i) The release of phenylbutazone from sugar-coated tab-
lets fell into three distinct patterns when tested by Meth-
ods VI and VII,.
(ii) Three products (C, G and P) demonstrated an initial
rapid dissolution rate which produced e maximum of 100% dis-
solution within the first hour when tested by Method VII.
(iii)Three products (E, Q and W) released the drug at a more
gradual rate and attained maximum levels of about 75% in
five hours,
(iv) One product, C, consistently showed excellent dissolu-
tion characteristics which were comparable to that found
for pure drug.
(v) Two products, E and W, may be classified as having
questionable dissolution patterns.
(vi) It is difficult to judge the merrits of the majority
of products on the basis of the limited information obtain-
ed by these in vitro methods. For a proper evaluation, in

vivo data should be obtained for correlations with these in

vitro findings.

3. In Vivo Investigations

This investigation concerned itself with ‘the in vitro charact-
eristicé of phenylbutazone tablets. However, in vivo studies were
begun in this laboratory and some of the results of these investi-
gations are reported herein.

Burns, et al.(73) reported that peak plasma levels for phenyl-

butazone are reached in about two hours. In this same publication
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they claimed that a large portion of administered phenylbutazone is
found in the plasma. It was decided, therefore, to investigate ser-
um concentrations after administration of the products exhibiting
specific dissolution characteristics., The procedure followed is

outlined below,

"Administer 200 mg. of drug (or two 100 mg.
tablets). At the same time, withdraw 15 ml.
of blbod, allow to stand for two hours, cen-
trifuge at 1500 r.p.m., and remove the serum.
"This is the blood blank. Blood samples are
then taken at approximately two, five, seven

and 24 hours after drug administration."”

The amount of phenylbutazone in the serum is determined by the pro-

cedure outlined below.

"Add 0.5 ml. of 3 N HCl and 20.0 ml., of hep-
téne to 2.0 ml. of serum. Shake for thirty
minutes, Extract 15.0 ml. of the heptane

solution with 5.0 ml. of 2.5 N NaOH. Record

the absorbancy of this solution at 265 mu."

The drug (or drug in tablet form) was administered to three
healthy males,

The first subject received 200 mg. of phenylbutazone in cap-
sule form. A peak concentration of approximately 30 mg./ L. was
observed five hours after administration. Twenty-nine hours after
administration, the concentration of phenylbutazone in the serum‘

had fallen to approximately 12 mg. / L.
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This same subject received 200 mg. of phenylbutazone in tablet
form (Product Q). The serum concentration was approximately 7 mg.
/ L. five hours after administration. Twenty-seven hours after ad-
ministration, serum concentration had risen to approximately 15 mg.
/L.

A second subject received the same product and the results were
almost identical,

A third subjeét was given 200 mg. of phenylbutazone in tablet
form (Product A) daily for three days., The serum level after 12
hours was approximately 16 mg. / L., after 36 hours, 30 mg. / L.,
and after 60 hours, 45 mg. / L.

The results obtained with phenylbutazone powder would appe;r
to contradict literature observations. Peak levels were obtained
in five rather than in two hours as reported by Burmns, et al., (73)
Furthermore, these authors stated that the rate of metabolientrans-
formation ranged from 10 to 35 per cent per day. The value calcula-
ted in this preliminary experiment was of the order of 60 per cent,
On the other hand, this was not confirmed fqr Product Q. Serum
levels coﬁtiﬂued to increase (even though these were depressed be-
low those found for pure drug) and showéd no indibation of decrease
over the 2l hour investigational period.

| It is difficult to relate these in vivo findings to the in
vitro dissolution characteristics of the tablets investigated.
"These studies covered only two extremes - pure phenylbutazone and a
tablet with very low dissolution characteristics. One observation
can be made. This particular tablet (Product Q) does not produce

immediate blood levels., On the basis of the result:obtained with

Product A (serum levels increased over a 60 hour period), it is
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probable that Product Q would also exﬁibit similar characteristics;
The implication here is that, with time, both products would pro-
duce identical serum levels. For long term therapy, therefore,
this product might well be satisfactory. On the other hand, condi-
tions such as acute gout would not respond to treatment with this
particular product. It is interesting to note that the 2 hour
concentration for both the pure drug and Product Q are about the
same - approximately 15 mg. / L. |

It would be unwise to attempt any correlation with in vitro
findings at this point. However, the general trends would indicate
that such correlations are feasible. The researcher would expect a
peak blood level shortly after the administration of phenylbutazone
powder. Such is the case., Similarly, the researcher would expect
that fhis level would be much le ss after the administration of
Product Q. This was also observed. Other products would be expect-
ed to fall between these two extremes, If they do, and if these
levels increase in the same manner as the in vitro concentrations
of the respective products in the dissolution medium, then an in

vitro - in vivo correlation can be made.
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V. SUMMARY AND CONCLUSIONS

1. The assay procedure in the N.F. XII for phenylbutazone was
found to be unsatisfactory for individual tablet assays and for
subsequent dissolution studies.
2. A spectrophotometric method was developed and found suitable
for the purposes of this investigation.
3. The limits set in the N.F. XII for content uniformity do not
encompass all cases of excessive variability. Consequently, the
following teét criterion is suggested:
Assay ten tablets individually. The average content
of these ten ‘tablets should fall within ¥ 7% of the labelled
potency. The standard deviation for the ten individual
assays should be not more than L% and no tablet should
assay less than 85% or more than.llS% of the labelled
potency.
L. Four of the 23 products tested would be rejected on the basis of
drug content or uniformitj of content. Two other products, although
-complying with official requireﬁents, would appear to show question-
able characteristics.
5. The official tablet disintegration test apparatus was found to
be adequate for disintegration studies.
6. The official requirements for tablet disintegration were in-
adequate with respect to in - product variability. It is; therefore,
suggested that a range of fifteen minutes is a reasonable limitu

for a variability test.
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7. Two products would be rejected on the basis of the present
disintegration requirements, However, six products would fail to
comply with the suggested variability test.
8. The official disintegration apparatus'was found to be unsuit-
able for dissolution studies, |
9. A modified version of the Levy and Hayes méthod (31) was used
for dissolution tests, |
10. The release.pattern, in‘simulated gastric fluid, for pure phen-
ylbutazone is as follows: 11% released in 15 minutes; 16% in 30
minutes; 2%.5% in 60 minutes; 27.5% in two hours and 30% - 33% in
four to six hours, One of the twelve products was observed to follow
this pattern. On the other hand, three products released approx-
imately 2% - 5% of their drug content in six hours.
11. The release pattern for pure phenylbutazone in simulated intes-
tinal fluid is as follows: 30% release in five minutes; 60% in ten
minutes; 87% in 15 minutes; 98% in 30 minutes and 100% in 60 min-
utes. Three products followed this pattern,
12, Five products (in simulated intestinal fluid) showed 50% dis-
solution in approximately 50 minutes, 75% in 96 minutés, 90% in 192
minutes and 100% in five to six hours.,
. 13, Three products dissolved a4t a steady rate to reach 30% dissol=-
ution in two hours and 60% dissolution in‘four hours.
1. The twelve products that were tested intensively may be rated
as follows:

1. One product showed excellent characteristics in all tests.,

2. Pour products demonstrated good characteristics in all

tests.
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Two products showed good characteristics in all but one
test,

One product showed fair dissolution characteristics,

Four products would be rated as showing poor disintegra-
tion and dissolution characteristics., Two of these could

also be questioned on the basis of content uniformity.
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APPENDIX A

Content Uniformity - Tablets

Where directed in the individual monographs, select a repre-
sentative sample of 30 tablets. Assay 10 of these individually
using the Assay procedure as directed in the monograph. When the
amount of drug in a single tablet is less than that required in
the assay method, the degree of dilution of the solutions and/or
the volume of aliquots may be adjusted so that the concentration
of the drug in the final solution will be of the same. order as
that obtained in the official assay method. The requirements are
met if all 10 results fall within the limits of 85 per cent to 115
per cent of the mean of the tolerances specified in the official
monograph. If one, but not more than one, result falls outside
these limits, assay the remaining 20 tablets individually. The
requirement is met if not more than one of the 30 results is out-

side the 1limits of 85 per cent to 115 per cent.

% The National Formulary (N.F. XII), Mack Printing Company,
Easton, Pa. page LL9
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Official Method v December 1962.

(reprinted January 1965)
FOOD AND DRUG LABORATORIES ' )

OITAWA

The Determination of the Disintegration Time of Tablets

Scope: This method is applicable to all tablets intended to be swrllowed
whole except those which release their medicament at timed intervals

or in sustaining quantities over a specified period of time.

Apparatus: (a) A device for raising snd lowering the basket-rack assembly in
" the immersion fluid at a constant frequency rate between 28 and 32
cycles per minute through a distance of not less than 5 cm and not

more than 6 cm.

'(b) A basket-rack assembly consisting of six open—end glass tubes,
each 7.75 % 0,25 cm long and having an inside diameter of not less
‘than 21.0 mm and not more then 22.5 mm and a wall approximately 2 mm
thick. The tubes ave held in a vertical position by two plastic
plates, each sbout 9 cm in diameter and 6 mm in thickness, with six

~ holes, each about 24 mm in diameter} équidistant from the cenﬁfé of
the plate and equally spaéed from one another. Attached by screws
to the under surface of the lower plate is a piece of 10-mesh No. 23
(0.025-inch) gauge woven stainless steel wire cloth, of the same

- diameter as the lower plate. The_glasé tubes and the upper plastic
plate are secured in position at the top by means of a stainless
‘steel plate, about 9 cm in diameter and 1 mm in thickness, having
six pefforations, each about 20 mm in diameter, which coincide with
those of the upper plastic plate and thé_upper open ends of the glass
tubes. A central shaft about 8 cm in length, the upper end of which
terminates in an oye through which a étring or wire may be inserted,

- is attached to the stainless steel plate.i The partslof the épﬁaratus



-2 -

are assembled and rigidly held by means of three bolts passing
through the two plastic plates and the steel plate.

(c) Each tube is provided with a slotted and perforated cylindrical
disk 9.5 * 0,15 mm thick and 20,7 * 0.15 mm in diameter. The disk

is made of a suitable transparent plastic materisl having a specific
gravity of between 1,18 and 1.20. TFive 2 mm holes extend between

the ends of the cylinder, one of the holes being through the cylinder
axis and the others parallel with it, equally spaced on a 6 mm radius
from it. Equally spaced on the sides of the cylinder are four notches
that form V-shaped planes so arranged that their edges are uniformly
255 mm from the cylinder's surface. Each notch creates a 1,60 mm
square opening on the end of the cylinder to be placed downward in

the tube and widens to 8.5 mm on the top of the cylinder along a chord
of the top surface. All surfaces of the disk are smooth. The disks
described meet the specifications outlined in the U.S.P. XVI,

(d) Each tube is provided with a plunger made by separating two
plastic disks with a 1/8 inch stainless steel rod approximately

312 inches in length. The lower disk is cylindrical and smooth,
7,5 ¥ 0.15 mm thick and 20,7 % 0,15 mm in dismeter. Six holes,

5/32 of an inch in diameter, are bored symmetrically in one circle
around the axis of the disk. The stainless steel rod is permanently
embedded in the centre of the disk, The upper disk is cylindrical,
smooth and approximately 7.5 mm thick. The lower half of this disk has
a diameter of 20,7 % 0.15 mm and the upper half has a diameter of
épprokimately 24 mm. This provides for an indent to enable the
seating of the plunger in the glass tube. Twelve holes, 3/32 of an
inch in diameter, are bored symmetrically in two circles around the
axis of the disk. A hole is bored in the centre of the disk, the
stainless steel rod inserted through the centre of it and the two
disks permanently positioned with respect to each other éo that the
lower disk is 2.8 % 0.1 cm from the bottom edge of the glass tube
when  the apparatus is assembled.

L



Reagents:

(e)
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A cylindrical jar, Pyrex-type glass, héving an outside diameter

of 6 inches and a height of 8 to 8 1/2 inches.

(£)

A knife-edge'heater and thermostat or similar apparatus to

maintain constant temperature.

(g)

A diagram of the assembled apparsatus is shown in Appendix I.

The assembly design may be varied somewhat provided that the basic

specifications are maintained.

(h)

A diagram of a glass tube, disk and plunger is shown in

Appendix 1L,

| (a)
(b)

(e)
(d)
(e)
(£)
(g)

(h)

(1)

Hydrochloric Acid, U.S5.P. XVI.

Sodium Chloride, U.S.P. XVI,

Pepsin, N.F. XI.

Potassium Phosphate, anobasié UeSePe XVIo

Sodium Hydroxide, U.S.P. XVI.

Pancreatin, N,F. XI. _ '

Simulated Gastric Juice. Dissolve 2.0 g of sodium Chioride
and 3.2 g of pepsin in 500 ml of water, add 7.0 ml of
hydrochloric acid and sufficient water to make 1000 ml of .
simulated gastric juice. The pH is approximately l.2.
Simulated Intestinal Juice. Dissolve 6.8 g of monobasic
potassium phosphate in 250 ml of water. Mix with 190 ml of
0.2 N sodium hydroxide solution and 400 ml of water. Add

10,0 g of pancreatin, mix and adjust the resulting solution

with 0,2 N sodium hydroxide solution to a pH of 7.5 X O.l.
Add sufficient waber to make 1000 ml. |
Fresh media shall be used for every six tablets. The enzymes
shall be omitted in the preparation of stock solutions of the
digestive fluids to avoid decomposition. The pépsin and
pancreatin can be conveniently added to an aiiquot of the

respective stock solutions in the proper quantity just before use.



Procedure:

- -

Uncoated and Plain Coated Tablets

Assemble the apparatus when the device for raising and lowering
the basket-rack assembly is at rest and the cylinder of the device
is in the down position. With 2.5 L of media in the cylindrical
jar, adjust the apparatus until the level of liquid in the jar
coincides approximately with the mid-line of the upper plastic
plate. DMaintain the temperature of the media at 37°C I 2°C by

means of a knife-edge heater and thermostal or other suitable means.

Remove the basket-rack assembly from the media and disassemble.

Select at random six tablets from the sample and place one in

~ each of the tubes of the basket-rack assembly. Flace a plastic

disk on each tablet in the manner specified under Apparatus (c)

and then a plunger as specified under (d). (See also diagram

~ of assembled apparatus Appendix II). Insert the assembly in 2.5 L

of simulated gastric juice and set the machine in motion. The
plastic disks should travel up and down freely, exerting a gentle

rubbing action on each tablet.

At the end of one~half hour of operation, if any tablets or
remnants remain on the screens, gently rinse the basket with water.
Replace the gastric juice with 2.5 L of simulated intestinal juice

and operate the apparatus until no particles remain above the screen

except empty coating shells which cannot pass through. Disintegration
is then considered to be'complete° . The tablets pass the test if the
mean disintegration time of the six tablets is not more than that
specified in paragraph C.01,015 and D,01.015 of the Regulations

under the Food and Drugs Act.

Enteric Coated Tablets ‘
Agssemble the apparatus as described in the first paragraph under
"Uncoated and Plain Coated Tablets".

Remove the basket-rack assembly from the media and disassemble.

. Select at random six tablets from the sample and place one in each
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of the tubes of the basket-rack assembly., Place in a plunger in
each tube as specified under Apparatus (d) and as shown in
Appendix II. Insert the assembly in 2.5 L of simulated gastric

juice and set the machine in motion.

At the end of 60 minutes of operation, remove the basket~rack
assembly from the medium and gently rinse with water. There should
be no distinet evidence of disintegration. Replace the simulated
gastric juice in the jar with 2.5 L of simulated intestinal jJuice.
Remove the plungers, place a plastic disk on each tablet in the
manner specified under Apparatus (c), reinsert the plunger as
specified under (d) and continue the test until no particles remain
above the screen except empty coating shells which cannot pass
through. Disintegration is then considered to be complete. The
tablets pass the test if the mean disintegration time of the six
tablets is not more than that specified in paragraph C.0l.0l6 or
D,01.016 of the Regulations under the Food and Drugs Act.

Test Criterion The test criterion listed herein apply to all tablets subject to
the Regulations under the Food and Drugs Act. |

The disintegration endpoint is considered to be the point at which

| no particles remain above the screen except empty coating Shelis.
In certain instances, however, sticky tenacious masses may occur.
Under such circumstances, disintegration is considered to be com-
plete if these masses contain no palpably firm core. This latter
endpoint definition shall apply only to those tablets which,
because of the active ingredient or because of special coating
requirements for the active ingredient, form these sticky masses.
Examples of such substances are choline, its derivatives and salts,
bile salts and botanical extracts.

The mean disintegration time of six tablets shall be not more than

60 minutes and not more than one tablet shall disintegrate in more

s,

o060
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than 75 minutes. If one 6f the six tablets disintegrates in more
than 75 minutes, repeat the test with an additional 12 tablets. The
average disintegration time of the 18 tablets shall be nbt more than
60 minutes and not mofe than one tablet shall disintegrate in more
than 75 minutes.

In the case of enteric coated vitamin preparations, the mean dig-
integration time of six tablets shall be not more than 30 minutes
and not more than one tablet shall disintegrate in more than 40
minutes. If one of the six tablets disintegrates in more than 40
minutes, repeat the test with an additional 12 tablets. The average
disintegration bime of the 18 tablets shall be not more than 30
minutes and not more than one tablet shéll disintegrate in more than .

40 minutes.



APPENDIX I

Diagram of Assembled Apparatus
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APPENDIX II

Diagram of Glass Tube, Plastic Disk and Plunger

B
L Wire Rod (1/8" x 3 1/2")
| 12 Holes (3/32" Dia.) Bored
% Z %2 // % %«4/ Symmetrically in Two Circles
) ¢ ) / ) % /4 : Around Axis of Disk (See part (d)
/] A b of "Apparatus" for Specifications)
6 Holes. (5/32" Dia.) Bored
, Symmetrically in One Circle
\ ‘ . Around A)d.s Of DiSk 705 t 0015 Mhe
: thick and 20:.7 % 0,15 mm. in diameter
7.75
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| / 2 mm. Wall
7, 7 Y / o
I ‘
407
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