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Special Communication

DISSOLUTION OF DRUGS FROM
SOLID DOSAGE FORMS 1L
IN YVITRO AND IN YIYO
DISSOLUTIONS
Mohammed Saeed Arayne and

i}mtemumﬂuthadnnunfnm Kach
of these factors play a role in bringing

The clinical effectivencas of tablets and
other pharmaceutical dosage forms of drugs
depends on atl least two factors: the medica-
tion must not only be present in the labelled
amount. but also must be available w the
body. Until rocently relatively little attention
in our country has been paid w the mpus-
tant cffects, which variations in dosage forms
can have on clinical response. In most instan-
ces, clinical response is related directly to
drug concentration in the tissues, which in
turn is related to the amount of drug ingested.
Determination of the potency of the drug has
been, thercfore, the most widely used proce-
dure to ascertain that patienis rececive the
amounis of drugs prescribed by physicians.
However considerahle evidence exists which
indicates that during production of various
dosage forms, the ahsorbability of the active
ingredient of drug preparation may be modi-
fied markedly, either intentionally or unin-
tentionally. As a result the amount of drug
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available to the body may be considerably
less than the total amount of drug in the
dosage form. It is apparcnt, therefure that
in addition to examination of oral dosage
forms of amount, identity aml purity, there
must he some evaluation of the physiological
availability of the active ingredients thereof,
Such information is absolutely necessary to
insure climical effectivencss; thus it is of prac-
tical importance not only to drug controlling
authorities 0 ensure consumer protection, ban
also to the physician and pharmaceutical
manufacturer,

Ihe purpose of this review is to study
the in vitro ond fn vive dissolutions, and
their correlation and physiclogical availability
of the drug. The significance of more recent
findings on dissolution rates of drugs are also
discussed.

IN VITRO DISSOIUTION

The process of dissolution or inverss
process of crystallization can be considered
as the mctﬁe types of certain heterogenous
reactions in which a mass transfer is cffecied
through the net result of escape and deposi-
tion of solute molecules at a solid surface.
One of the most important as well as most
difficult approaches in the blopharmaceutics
evaluation of a drug is the quantitative cor-
relation of absorption and in virre dissolo-
tions.

Although the first quantitative study of
the dissolution process was made by Noyes
and Whitney in 1897, most pharmaceutical
studies on drug release from sohd lormula-
tions have dealt mamly with disintcgration
time.

It is evident that simple in vitro disin-
tcgration tests arc valuable only if they arc
able to simulate in vive conditions. He there-
fore developed an ‘artificial stomach' and
atlempted to simulate in vive conditions of
pH, presence of food, peristalsis, volume of
gasitric juice, and hydrostatic pressure. De-
pending on the conditions uwoder which the
tablet normally was taken, two different arti-
fical gastiic juices wore used. One simulating
the gasinic contents of an empty stomach, the
other a full stomach. Fillkborn's procedure
involved first immersing the tablet to be tested
in simulated saliva, then placing it in a per-
forated plastic in simulated gastric juice. The
tme for disinicgration was taken as
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holes of the plastic tablet hasket. In general,
disinicgration times feoded o be consider-
ably longer by Filleborn's method than by
those of the Swiss pharmacopeia (1934) or
the British Pharmacopoeia (1945). For
example, the disintegration time of a sulfa-
pyridine tablet was 115 seconds by the Swiss
method, 117 seconds by the B.P. method,
and 588 seconds by the artificial stomach

method.

Evanson and DcKay (1950 as cited by
Marrison and Campbell. 1965) introduced a
rolling drum into their apparatus, which they
claimed provided a rolling wavehke action on
the twablet similar to that of stomach con-
tractions. This method was found to give an
advamage in reproductibility of results over
the Gershberg and Stoll method (1946, as
vited by Morrison and Campbell, 1965), in
which tubes with mesh hottoms were remov-
ed up snd down in simulated juices. The
latter method was modified and adopted by
the US.P. {1960) and is the basis for the offi-
cial method of the Canadian Food and Drug
Directoraie {1954). However, in the latier iwuw
methods no real attempt was made to repro-

duce physiological conditions.

A wide variety of simulated gastric and
intestinal juices has been used in various in
vitro methods (Morrison and Campbell, 1965).
Most gasinc juices contained HC | and pepsin,
although a number also contained other ions.
such as those of potassium and calcium. In
most instances, the pH of simulated gastric
juice ranged from 1.4 to 3.5, Perhaps the most
claborate attempt to simulate human gastric
juice was the addition of mucin and actually
the development to simulated gastric juices
——one at pH, 1.4, intended to simulate
the gastrlc cootents of an empty stomach——
and the other at pH .0, intended to simulate
a full stomach. The full stomach juce also
contained mucilape gum acacia. and small
picces ol steriliced sponge were added 1o the
testing vessel to simulate the presence of food.
Nutral, alkaline or slightly acidic inicstinal
juices have been used by wvarious warkers
Few sysicmatic aticmpts bayve been  made,
however, to compare critically various simu-
lated digestive fluids. Chapman ot al. (1954)
found that using simulated juices, was a de-
finite advantage over the water in the US.P.
XIV disintegration procedure. However, as
pointed out by Chapman et al (1934), no
available in vitro disintegration test can re-
produce completely all physiological condi-
tions. Thus, in wiro tesis present a more or
less arbitrary or empirical approach which,
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to provide a valid estimate of in vivo avail-
ability, must be corrclated with a quantitative
measure of availahility determined in humans.
It is apparcni thalt the rate of dissolution of
drug particles play a fundamental role in
determining drug availability. Rapid absorp.
tion is dependent on rapid dissolution of drug
particles. There is cvidence from theoretical
studies (Edwards 1951) that drug concentra-
tion on both sides of epithelial layer of the
intestinal wall approaches equilibrium in a
short time and that drugs are absorbed al-
most as rapidly as dissolved. Further more
Neleon (1959 reported that dissolution rate
was rate-determining in absorption of fetra-
cycline, provided that the dosage form res-
wicted the initial surface area and that
absorption of benzyl penicillin and aceiyl
salicylic acid was rate limited by the dissolu-
tion rate properties of the drug (Nelson and
Schaldemose, 1959).

Dissolution rate, however 15 influenced
by many factors The dissolution rate of
benzoic achd in agitated agqueous media was
independent of tablet density. and was de-
creased when various concentrations of
sodium c¢hloride, sodium wulphate, and dex-
trose were added 1o the dissolving medium.
Sodium sulphate was most effective in
decreasing the dissolution mie, When urca
was used as an additive, an increase in the
dissolution rate resulied. Nicboigall and
Goyan (1963) developed an automatic record-
ing apparatus for use in dissolution rate
studica and showed that the dissolution rate
of benroic acid increased as the temperature
ol the dissolving medium was raised from 25
o 40*

The design of an apparatus, suitable for
the measurement of dissolution rates of solid
dosage forms. is relatively straight forward.
Hersey (1969 commented that: "The number
of digeolution rate meothods described i the
literature is almosi equal to the number of
workers in the field' However. there 15 a
paucity of data comparing dissolution data
from the various dissolutions with quantita-
tive in vivo availability results.

Levy (1968) emphasized the need for in
vitre teats that reflect faithfully dissolution
rate-limited absorption of drugs from phar-
maccutical dosage forms. A number of stodies
showed that dissolution characterisiics of
sclocted dosage forms of certain drugs (Nel.
son, 1962 Kalchen and Symchowicz, 1967;
Fincher, 1968; Martin et al. 1968; Cressman
et al, 1969). oblained using specific dissolu-
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tion conditions, parallel blood or urine levels
of the drug However, no dissolution appa-
ratus has been cvaluated which would predict
physiological availabiliies of & varlety of
formulations of dJdifferent drugs.

The validity of a particular dissolution
rate test for a given drug can only be assured
by demonstrating the corrclation between in
vitro and clinical data. Levy (1965) develop-
ed an in vitro dissolution rate test quantita-
tively with the pgastrointestinal ahsorption of
aspirin 1n man for three different types of
dosage forms. Significant differences were
ohserved 1n dissolution ralcs of vanous
wands and might account for some of the
conflicting clinical reports (Truitt amd Mor-
gan, 1959; Dawerman, 1958) concerning the
relative advantages of plain  and  bullgred
tablets. In a subscquent study, Levy (1961)
found that the in wvive absorpon mae ol
acetyl salicylic acid was proportional to in
vitro dissolution rate. as determined by his
previous procedure {(Levy and Hayes, 1960)

Recently {Ayub and Ali, 1979) studied
the dissolution rate of various brands of
commercially available acetylsalicyhic acd
tablets in Pakistan by 1ISP. ¥IX method.
Although most of these brands showed a
T 50 of less than 5 minutes, but exhibiled
different dissolution rates, which might ac-
count for different in vivo absorplions. This
dependence ol acetylsalicylic avid absorption
on dissolution rate was predicted previously
on theoretical grounds (Edwards 1951). The
slow and incomplete absorption of acetyl=-
salicylic acid anhydride can be expluined on
the basis of its low dissolution rate in aque-
ous media (Levy 1963a)

The term dissolution rate-limited ab-
sorption implics that there is no build up at
drug concentration in the gastrointestinal
fluids ie., the Nuwds function as o perfect
sink. Unless this condition is embodied in
the design of the in wifro tcst, the results
will bear little relationship to in vivo obser-
vations (Levy 1966).

Schoeter et al (1962} prescated infor-
mation on a procedure for determining dis-
solution rates of drugs in tablets or capsule
form. The method involved the use of the
1JSP. Tablet disintegration apparatus and
aliquots of the dissolution medium were
withdrawn and analyred at various Lime
intervals. This procedure was also used by
Middleton et al [1964)
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A most significant contribution in me-
thodology for handliing the dissolution kine-
tics of finely divided powders was prescnted
by Higuchi and Hiestand (1963) The long
mathematical denvation given by these
authors were applicable to those svetems
where the dissolution provess was diffusion
controlled. and the particle size distribution
was known. In a subsequent paper Higuchi
¢t al (1963} reported reasonably good ag-
reement between e calculated and experi-
mental  wvalues obtained for micronized

methylprednisolone,

Nicbergull (1963) also studied the dis-
solution of small particles and described o
cuntinuous recording technique for lollowing
the rapid dissolution of the particles.

Another useful method for studyving
dissolution rates is the use of rotating non-
disinicgrating disks, as described by (Levy.
1963; Levy et al, 19%3; Levy and Sahli,
1962). Milosovich (1964) emploved a tablel
mounted in a dye and subjected to solvent
agitation produced by a baffle system. This
system iz similar, in some to that
reported by Nelson (1957 and 1962)

Schroeter (1962) devised an automated
method for the dissolubon rate of drugs in
tablets and capsules. The method provides
for automatic sampling, dilution and speciro-
photometric analysis of the dissolution

medium.

Recognition of the fact that the physio-
logical availability of drugs from tablets is
more realistically a function of dissolution
rates than of disintegration times has stimu-
lated the introduction of fn wvitro dissolution
rate tests for compressed tablets (Levy &
Jusko, 1966, 1966a). It has been suggested
that the dissolution medium should be con-
trolled and a series of pH conditions should
be employed for adequate dissolution rate
testing

Furthermore, since the gastrointestinal
fluids function as a ‘sink’ it is desirable that
build up of drug concentration in the in vitro
dissolution medium be followed only upto
10% of sawuration. When working with poorly
soluble drugs this condition is after exceed-
mgly difficult. The use of an upper organic
phase which can act as a reservoir for dis-
solved drug has been proposed to overcome
the problem (Levy, 1966a; Gibaldi and Feld-
man, 1967).

J.P. M. A. UCTOBER 1979

As pointed out by Levy (1966). these
drugs, which represent the greatest dissolu- -
tion problem are also those which are least
goluble and give the greatest difhculty with
respect 10 maintamnence of perfect sink con-
ditions. Frequently, it is necessary o usc
excesdingly large volumes of solvent for this
purpose and to adopt very sensitive analyti-
cal procedures. At times. it may be wvery
difficult to follow the dissolution of more than
a small fraction of the drug contained in the
dosage form. Under these comdilions one may
assume a uniform pattern of releass rate. A
definitc need exists for the development of
methodology to maintain  gink  conditions
during dissolution rale determination of
poorly soluble drugs. Levy (1966) suggested
two possibilitics . the use of an upper organic
phass which can act as a reservoir for the
dissolved drug or the additdon of adsorbents
to the aqueous medium. The ability of
adsorbents W maintain “sink’ conditions have
been demonstrated by Wurster and  Polli
(1961). Both approaches involve the same
principle ie.. removal of dissolved drug from
the dissolution medium and prevention of
accumulation. The removal of drug from (he
dissolution fluid is analogous to removal of
drug from the gastrointestinal fluids by the
absorption process in dissolution rate-limited
absorption.

Hersey (1969) attempted o classily dis-
solution models on the hasis of not only the
type of agitation but also whether the disso-
lution process occurs under sink or non-sink
conditions.

The importance of dissolution rate deter-
mination in the examination of drug transport
systems has been recognized by - numerous
investigators whose work has been reviewed
by Wagper (1961, 1971), Wagner and Melzler
(1969) and Wurster and Taylor (1965). How-
ever, unwarranied comparison with the tablet
digintegration test and efforts to develop a
uniform general dissolution rate test for re-
gulatory purposes have tended to cloud the
merits  and  limitations of dissolution rate

testing

Despite the fact that several methods
have been proposed for determiming in vitro
dissolution rates, few studics have been con-
ducted 10 compare critically various proce-
dures available or 10 determine (he specific
effects of pH, enzymes mucin, bile salts elect-
rolytes etc. As with in vitro disintegration
tests, it is unhkely that a dissolution test can
furnish a clear indication of physiological



1P M A OcCTOBER 1979

conditions which vary under the influence of
a large number of factors, many of which
have not yet been described in quantitative
terms. This, in virre dissolution tests can be
considered valuable only if they give resulis
which have been conclated at some stage
with quantitative measurement of physiologi-
cal availability.

I'n viva Dissolution’

It is now well recognized that the in vive
dissolution characteristics of drug formula-
tions may have a pronounced cffccl on their
bicavailability. Decause im wivo dissalution
rates are difficult to measure directly, attempts
to assess this aspect of drug quality are
commonly made from in vitro dissolution
rate data. Dissolution specifications in viiro
have been promulgated for a number of drugs
(The United States Pharmacopoeia, 1970:
The Mational Formulary, 1970) and auempis
o correlate these with bicavailability have
mel with varying degrees of success (Wagner
1971 Mattok et al, 1971, Mattok et al,
1972 reduces the concentration of free drug
(Lovering and Black, 1973) Substances
having an adverse effect on ahsorption raics
nmyhtmdni:musmtlwﬂltuctwmf
be introduced as nutrient or tablet excipients.
In vitro assessment of the latler can 1?: m?di
by comparing the permeation rate ol unlor-
|.1'|1.|'l.i!,|'.-|.',vl:1lpf.||"I.Iga to that of drug released from
tormulations dissolved, or dispersed, in an
appropriate  buffer.  Lrug excipient  inter-
actions may account for the low bioavailabi-
lities observed in some formulations.

Various methods used to determine phy-
siological availability of drugs have rang‘arl
from simple qualitative procedures 1o sophis-
ticated quantitative measurcments of drug
concentrations in bload or unne. One of the
earliest attempts 10 demonstrate ovailabibity
uf drugs was carried out hy Wruble (1930, as
cited by Lowering and McRac 1973) whao
sdministered enteric coated tablets containing
calcium  sulphide and methylene blue to
humans. 1f the tablet was eoated inadequately
and disintegrated in the stomach, the subject
wouk! erucate hydrogen sulphide; whercas it
it is disintegrated in the intestinal tract, o
blue coloration would be observed m the
urine. Early workers also anempied to X-rays
as an indication of vive availability of drugs.
Generally in vitro resulls agreed with in vive
findings ovbtained with the X-ray. but X-rays
were unsuitahla for routine control of com-
mercinl  production  because of variability
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diugs in the intcstinal tract suffers  from
numerous faults. Evidence of disintegration
in the inlcstinal tract is no proof of absorp-
tion (Melmck et al. 1945). Further more
Xeray piciures arc often difficult to interpret
and are not amenable to gquantitative treat-
ment. Of all in vive procedurcs perhaps the
one related most readily 1o dose is the urinary
excretion of the drug and/or its metabolites
after a test dose. Melnick et al (1945a) used
urinary excretion data in proposing the com-
cept f physiological availability of vitamins
in pharmaceutical producis. They demonstrat-
ed clearly that within limits a direct rela-
tionship exists in normal subjects between the
urinary excretion of water soluble vitamins
and the amount ingested. The comcept of
physiological availability was adopted and
developed turther by Chapman et al (1934)
and Morrison et ol (1959), who studied the
relationship between in virro  disimegration
lime and physiological availability of ribofla-
vin in sugar coated tablets. The work of
Chapman ct al. (1954) was ome of the first
attempts to correlate in vitro findings with
quantitative in vive results, The data of Mor-
rison et al. (1959) indicates clearly that sugar-
copted riboflavin tablets which did not dis-
integrate within 60 minutes when tested by
an official method (1954) were oot  fully
available 1o the body

The work of Chapman et al (1954)
formed the basis for regulations promulgated
in 1957 (an Official Method, 1954) requiring
that in Canada ordinary sugar-coated tablets
must disintegrate within minutes in vifro.
These regulations have beem criticized on the
basis that the time limit may not apply to
all drugs and that drugs which have in wvirre
disintegration times greater tham 60 minutes
may be fully available fn vive. The need for
a disintcgration time longer than 60 minutes
for any drug has not been demonstrated.

Measurement of drug conceptrations in
the blood also has been used os an objective
quantitative measure of physiological avail-
ability (Swintosky and Hough, 1957). For
example, Juncher and Raaschov (1957 as
cited by Morrison and Campbell, 1965) found
that 2 preparations of penicillin V tablets,
which had differemt in vitro disintegration
times, also gave significantly different blood
levels when tested in humans. Chulski ct al
{1963) concluded that there was a direct pro-
portionality between the urinary excretion
rate aod serum level of tetracycline in humans.
Some drugs, such as certain antihistamines,

I ] R . T fas  midure
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and hence are present in the blood in concen-
trations which are too Jow 10 measure readily.
For many drugs, however, measurement of
blood concentration provides o good indica-
tion of physiological availability,

The ultimate cnterion of the usefulness
of a drug obvicusly is objective evidence of
clinical effectivensss 1n man. Unfortunately.
many clinical trials reported in the literature
are ot scceptable scientifically since ohjec-
tive measurement of response and adequaic
controls were not used The importance of
placcbo controls and  the double-blind  pro-
cedure in conducting investigations have been
emphasized by others (Model and Houde,
1958). Loranger et al (1961) concluded that
less than 109 of published reports on tran-
quilizer and antidepressant drugs met mini-
mum standards of sciemtific acceptability.
They described studies in which physicians
and patients were told that two products were
a tranquilizer or an energizer when, in reality,
both products were placebos. When uncon-
trolled subjective methods were uwsed to
evaluate the two products. 53 to BO% of
patients suppoasedly bencfited from them. Omn
the other hand. the use of a critical objective
approach yiclded femporary impkovement
from the tranquilizer. but no effect from the
encrgizer. Loranger et al (1961} concluded
that studies of new psychopharmacological
agents which do not involve double blind and
other contralled procedures are of dulious
value. Obwviously, any in vive test used for
the standardization of an in vitro, one must
in itsell fwrmish resulis which can be assessed
quantitatively and are reliable and reproduci-
ble.

Relarionship berween In vive and in
vitro methods.

In vitre test of auy sort have no intrinsic
value per se but are useful only to the exlent
that they correlate with guantitative in vive
results. The length of time reguired for tablet
to disintegrale in vitro cannot be taken as a
direct indicabion of the time required to dis-
solve i wvive. Despite the well established
nature of the relationship between e vitro
and fn vive results some authors still tend o
equate fm vitro disintegration times and in
viva availability,

It is appareni from the foregoing dis-
cusgion that quantitative aspects of the rela-
tonships between in wive and in virro results
are of great importance. As indicated by
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ability of riboflavin and p-amino salicylate
tablets to humans could be predicted from
their fn wvitro disintegration Ume using &
modified USP. XIV  dsiotegration  lest.
Tablets disintegrating in more (han 60 min-
utes were not fully available in vive. Using
disintegration test procedures different from
thise of Chapman et al. (1954), it was report-
ed that nboflavin and erythromycin tahlets
which ook longer than 60 ounutes W dis-
integrate in vitro were fully available fn vive
These studies indicate clearly the specificity
of the relationship between in wirro disinteg-
ration me and {in vivo avallability.

Additional evidence that in virre disin-
tegration time may not give a clear indication
of in vive availability was obtained by Levy
and Hayes (1960} who conducted extensive
stuches with acetyl sahcyhe acid tablets. They
found that tablets which showed short dis
solution half times (tast dissolution rates) had
disintegration times longer than tablets which
dissolved more slowly. They concluded that
the in vitro disintegration time is ‘no criterion
of availahility' for acetyl salicylic acid tablets
In subsequent work, Levy (1961} suggested
that the LISP. tablet disintegration test he
replaced by a dissolution test fur compressed
tablets:  He concluded that ahsorption of
acetyl salicylic acid was relaled w three fac-
tors: a) the dissolution rate, b) the gastric
emptying times, and ¢) the way in which the
tablet was administered.

Schroeter et al.  (1962) determined in
vitro dissolution rates and disintegration
times of 76 lots of tablets, including o steroid.
a sulfonamide, an oral anti-diabetic agent.
and an acetyl solicylic acd-phenacetin
caffeine combination, There was a high degree
of correlation between in vitre disintegration
time and dissolution rater (T50°%) for the
steroid.

There was a tendency for the more
rapidly dissolving tablets of ant-diahetic
agent o disintegraic more rapidly but o
gignificant correlation could he  ohserved
Significant correlation  was  absenl  belwgen
disintegration time of acetyl salicyvlic acid-
phenseeiin-calleine tablets and  dissolution
rates. The results of Campagna et al (1963
indicate unequivocally that in virre disinieg-
ration lests may not distinguish between fast
and slow dissolving of drug paricles. Levy
{1961) has pointed out that disintegration
tests also may not distinguish between tablets
with dissolution rate which differ because of
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of polymorphic compounds.

Despite their weakness, however disin.
tegration time tesi still can pruvide valuable
information on the im vivo availahility of
some drugs. Middleton et al. (1964) examined
relationships between in vifro dissolution
rate. disintegration time, and physiological
availability of riboflavin in sugar-coated
tablets. They found a close relationship bet-
ween disintegration time and dissolution rate
and bath in vitro procedures correlated
reasomably well with physiological availabili-
ty. measured hy urinary riboflavin excretion.
Middleton et al, (1964) concluded that either
in vitro procedure used can provide a useful
estimaic of the availability to the body of
riboflavin in sugar-coated fablets. [t would
appear that the results of disintegration times
in this instance were a useful indication of
in vive availability.

The present in vire disinlegration timc
limits for sugar-coated tablets were hased
on the work carrded out by Chapman
et ol (1954, 1956) on nboflavin and
p-ammosalicylate, two drugs which differ in
solubility, It was realized that limits based
on these two drugs might not apply 1o others.
MNo additional data on quantitative relation-
ship between in vitro and in vive results were
available at that time but it was obvious that
many products in the market had excessively
long disintcgration times, and the need for
hetter control of drugs was urgent. Further-
more, it was felt that a single relatively short
fime hmil would ensure the availability of a
large number of drogs, parucularly those
more soluble than rboftavin There are ab-
vious advaniages o an official in vitre test
with a single time limit applicable to all drugs
in the same oral dosage [orm. However, it
would appear from present evidence that a
single rime limit for dissolution rate, based
on the results of an Jn wvitro test, cannot be
applied wvalidly o all drugs. The possibility
that a single in vitro dissolution test, based
on some minimum time limit, may be applied
to drugs having similar digsolution character
istics remains to be established. Because of
the formulation used can influence dissolu-
tion rate markedly (Levy et al. 1963). it is
possible that the relationship between in vitro
dissolution raté and in vive availability will
have to be worked out for cach individual
preparation, and that even for the same drug,
time limits which apply to one manufacturer’s
product may not apply to another. There is
cvidence for spironolactone that no available
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in wvitro test will differenliate between pre-
parations which are fully available to the
body and those which are not. If the views
stated above arc correct, one @5 led o the
copclusion that, to ensure clinical effective-
ness, a guantitative, vbjective, in vive mea-
surement of availability may be required for
each drug in each formulaiion and thai in
vitro tests may serve primarly for purposes
of pharmaceutical control by manufacturers.
In vivo procedures should be based on a com-
parison of the response to the drug in the
oral dosage form being tested to that of the
drug in its most readily available form. I
would appear that the same attention must
he paid to factors affecting the availability
uf drugs in compressed tablets as that given
in prolonged action form [Arayne and Najma,
1979) where the ratc of solution has been
modified intentionally.

While ome has been completely success-
ful in correlating in vitro with in vive dissolu-
tion vs biological availability, nevertheless.
there seems io be agreement by all that dis-
solution tests are more discriminating than
disintegration tests in lot o ot vanabihty
control. The USP, NF, dissolution tests are
not completely satisfactory, they have scrved
as a vehicle of introducing the dissolution
test and provide an objective means of de-
termining the dissolution characteristics of a
solid dosage form.

It s apparent from the foregoing discus-
sion that im vitro disintegration test, have
certain inherent faults and eventually must
be modified or replaced by more critical test
of physinlogical availability. Vanous other
workers  (Levy, 1961; Schroeter et al,
1962) have suggestsd that disintegration lests
should be replaced by dissolution tests.

Except for a few dJdrugs however little is
known of quantitative relationships hetween
rate of solution and in vivo availability, such
information is essential for the development
of meaningful in virre dissolution time limits.
Although replacement of present in wvitro
disintegration tests may raise many probloms
for a regulatory agency responsible for con-
trol ol hundreds of drugs produced by many
manufactorers in a number of oral dosage
forms, a critical evaluation of in virre Tesis
for drug availability illusirates some of the
problems involved. Therefore they must be
replaced cventually by more critical tests.
Despite the fundamental relationship beiween
in vive availability and dissolution rate, pre
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scnt evidence suggesis that no single dissolu-
tion rate, test can be applied to all drugs.
The possibility that a single test may be
applied to drugs having similar physicoche-
mical properties remains to be established, If
such is not possible, it may be necessary to
obtain direct evidence of availability of each
drug in cach formulation by quantitative ob-
jective measurements carnied out in vivo.
Properly desmgned fn vitro tests would ther
be required primarily to ensure that products
were manufactured under proper pharmaceu-
tical control

References

Arayne, 5., and Najma, 5. (1979) DMssolution of
drign from solld dosage forma General Ay
pecta. JPMA (in press)

Ayub, 8 and All, B. A. (1079) Comparison of
dissolution rates of differcot commercial ag-
pirin tablets. JPMA, 28:70

Batterman, H. 0. {1908} Comparison of buffer-
ed and unbuffered acetyl salieylle acld. N. Eng.
J, Med., 2538:218.

British Pharmacopoais, London, published for
the General Medical Councll by the Phae-
maceiitical Presa, 18460,

Cam B A, Cureton, G, Mirlgian H.A.

and Nelson, M. (1863) Inactive ;)rt-:lnjmlouu
tablets USPXVI. J. Pharm Sel, A2:'808

Chapman, D.G., R, nnd OCamphell,
J.A. (1084) Relation between (o vitro  dls-
integration thme of sugar-coated tablets oand

f_hrululnliﬂll avallabllity of ribofiavin. J. Am.
harm, Ass, 430207,

Chapman, D.G. Crisafin, R and Camphall,
JA. (10858) Relation betwesn in vitro  dis-
integration time of sugar cooted toblets and

ﬁyﬂﬁluﬁ'lml avallability of riboflavin. J. Am,
arm. Aas., 45:374,

Chulskl, T, Johnson, H.H., Schlagel, C A, and
Wagner, JG. (183) Direct proportionality of
urinary  excretion rate and serum lewvel  of
tetracycline In human subjects, Nature, 198:450.

Cresaman, W.A., Janicki, C.A, Johpson, P.C,
Dolulsde, JT. and Brauug, A, (18887 In vitro
dismolullon ratea of Aminorex dosage formas

and their correlation with In vive availabllity,
J. Pharm. Sci. 58:10616. g

Fwards, 1.1 (1851) Dissolutlon and difusion

of asplrin  in agueous media, Tranas Farady
Boa., 47:1191.
Fincher, JH. (1965) Particle size of amd

118 relationship to absorption and activity. J.
Pharm. 8¢, f’l‘:lﬂl‘:u-

Gibaldl, M. and Feldman, 5. (1087} Establish-
ment of sink conditions in dissclution rate deter-
minations. Theorelical considerations and  applica-
o o pondislntegraling dosage Torma. J. Tl
SCh, 611134,

Hereey, JA. (1068} Methods avallable for the

determination of In wvitra dissolution rates
Mig. Chermn. Asrol, News, 40:33,

Jo T ¥ M WATUBER 1979

Higuchi, W.I. and Iliestand, E.N. (1963) Dis
polution rales of foely divided o powders
L Effect of a distribution of particie sizes in
qumnm-mnuuum process. J, Fharm. Scl,
€:07.

Alguehi, WI, Rowe BEIL. and Hiestand, BN
{1063) Dimsclution rates of finely divided drug

powdera II. Micronized methyl prednisolone.
J. Pharm, Scl, 32:16E.
Katchen, B, and Symchowice, 5. [(1867) Cor-

eelation of dissolution rate and griseofulvin
abaorption in man J Pharm. Seci, 56:1108.

Levy, . and Hayes, B.A, (1080} Physlco-
chemical basis of the buffered acetyl salicylie
acld controversy. . Eng. J Med, 362:1063.

Levy. G. (1061) Comparison of dissolution and
ahsorption rates of ferent commercial aspi-
rin tablete J. Pharm Sal, S0:IR8

Levy, G. and Bohli, B.A. (1062) Com

of the gastrolntestinal absorption of alumindum
mﬂ%’l palicylic acld In man, J. Pharm. 8ci,
51:38.

Levy, (0. in Salicvlates: An International Syin-
posium, Londan, Churchill, 10963,

Levy, 3. (1083) Effect of cortain lablet for-
mulation factors on dissslution rate of sotlve

ta I, Imporiance of using appropriate
agitation intensitiea for Im vitro  dissclullon
rate measurements to reflect In vive condi-
thna. J. Pharm. Sel. 52:1039,

Levy, G., AntRowlak, T.M. Frocknal, J.A. sod
white, D0, (1883) Effect of certain tablet for-
mulation factors on dissolution rate of the
active Ingredient 1T Granule =ize, atarch con-
contration, and compression pressure. J. Pharm.
B, 02:1047.

Levy, G. and Jusko, W.J. (lP65) Effect of

viscosity on drug absorptlon. J. Pharm. 8ai,
H:ﬂl‘l‘.r

Levy, G. (1848) Papers pressnted before (he
industrial paction, American Phar-
maceuticnl Association, Dallas mesting, pp. 233,

Levy, G. (1866) HKinetlcs of pharmacologic
effects. Clin. Pharmacol. Ther., T:362,

Levy, (. and Jusko. W.J. (1844) Factors affect-

ing tha shasrption of rvihoflavin in man  J
Pharm. Bel., 55285,

Levy, . (188) In Physico-ohemical sspects of
drug action. Ed, KE.J Arens FPregamoo, New
York, N.X. pp. 48,

Lowering, E.G. and Black, D.B. (1073 Drug
permmealion thiough  awembranes I Effect of
various substances on amobarbital permestion

rﬁrpuzh polvdimechyisiloxane. 1. Pharm. S,

Lovering, EG. and MoRas (1873} Drug [er-
meation through membranes II.  Slmultaneous
dissoluticn and premeation of drugs from salid
dosnge forms. J. FPhann, Sci., 82:8971.

Loranger, AW. Prout, O.T and White, M.A.
(18611 The placebo effect in pavchiatrle drug
rospnrverh TAMA, 1768820

Mattock, G.L., MeGilveray, LI. and Mainville



JL.P. M. A. OCTOBER 1979

C.A. (1871} Asstaminophen III. Dissclution
studies of commercial taldets of ac

-e laminoplen
and comparison with In vive absorplion parame-
ters. J. Fharm. Sci., 60:561.

Mattok, Gl Hossie, RD. and MeGilveray,

I 3. (197T2) Membrane diffusion ITI. Influsnce
of solvent composition and permeant solubiucy
on membrane transport. J. . Bel., G1:54.

Martin, C.M., Rubin, M., O'Mally, W.E, Gar-

russi, V.F. and McCanley, CE. (1953} -

sented before the American Soclety for -

Eill'.lh'}‘ ard Exp therapeulica, Minneapolis
nr.

Melnieh, D., Hochberg, M. and Oscr, B.L. {1054)
FPhyshplugical avallability of the vitamins: The
tﬂ% of absorpents on thismine, J. Nukr,
a0 ;

Melnick, D, I-l-:m:lulm:rl';I M. and Omer, RI. (1954)
Physiological availability of the vitamins
The human bioassay techmie, J. Mutr, J0-67.

Middleton, EJ., Davies, J. M., and Morrison,
AB (194) Relationship between rmale of dis

solution dmmw , And physioiogical
avallabllity of vin in sugar coated tablets

J. Pharm. Sel.. 53:1378.

Milosowich, . (1084) Determination of solu-

bility of meiasiable polymorph. J. Pharm. Bai.,
nﬂ:ﬂi 5 “ph

Modell, W. and Houde, R.W. (1834) Faclon
influencing clinical evaluation of drugs; wilh
special reference 1o the double-blind technique.
AMA  1RT: 21840

Morrigon, A B, Chapman, D.G. and Camphell,
J.A. (1959) Further studies on rclation between
in vitro disintegration Ume of lalilets and urinary
excretion rales of riboflavin, J. Amer. Pharm.
Ansoc., 45634,

Marrison, AR and Campbell JA. (1965)
Tablet digintegration and yuiologueal availability
of drugs. ). Pharm. Seci., $:l,

INeolsou, E. (1857) Solution rate of mﬁm
sgalts and #Tects from oml adminisl R |
Amer. Pharm. AssoC., 46:807,

Nelaon. . (18588) Influence of dissolution rale
and surface on teiracycline ahsarption J. Amer.
Pharm. Assooc., 48:98,

Melson, E and Schaldemose, L. {1959) Urinary

excretion kinetics for evaluation of drug
tion. Solution rate limited and nDon solulive

rate limited tion of sﬂmn and bentyl
penieilling ul-l'z:!rm rate sulfasthyithia-
dinzol, J. Amer. Pharm Assnc., 4R:489.

Melson, E. (1062) Physicochemical factors Im.

fluenc almorption of eryihromycine and it
eslers m. Fharm. Bull. (Tokyv), 10:1009.
Niehergall. PJ. and Goyan, JK. (1963) [ra-
anlution rata atudies I. Coatinuous recoraing

for following reactions in solu-
tion. J. Pharm Bel, 5I:

Nietorgall, F.J., Milosovich, G. and Covan, JE.

{1963) [ssolution maie atudics IL Diaacdulion

of Jes under conditions of rapid sgitation
8ecl., 52:238.

J.
Moyes, A-A. and Whitney, WK (18877 The
rate of -ﬁhﬂmﬂ-ﬂlﬂbdmmllﬂl

Swintosky. I.V. and Hough, J. (1987) Excre
finn equations and interpretations. J. Pharm., 66399,

Truitt, E.B., Jr. and Morgan, AM. (1999) Com-

parizon of gastrolnlestinal rates of
plalu and buffered acel

Froc. 151680, ¥i acid. Fed
Wagner. J.G. (1881) ties: Abecrp

tion aspecis. J. Pharm. Soi., 50:350.

Wogner, J. G. and Metzler, CM. (108 Pre
diction of biced levels after : dipsed
from Dipod [evel data: Eene-

ralad acconding to the one-compariment open
model. J. Pharm. Sci. 58:8T. .

Worstar, NE. and Polli, GP. (1081) Investiga
tion of drug release from solids IV. Influence
of adssrption on the dissolution rate. J. Pharm
Bcl., 50403,

Wurater, D.E. and Taylor, P.'W, (1083) Dissalu-
tlon Rates. J. Pharm. Sci. H:ITII.



