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"... it would seemthat prompt action of certain remedies must be considerably
impaired by firm compression. ... the composition of all compressed tablets should be such
that they will readily undergo disintegration and solution in the stomach.” C. Caspati"A
Treatise on Pharmacy”, 1895, Lea Bros, Philad., 344

Why test at all? Tableting technology has had a century of developmenthgeessential problems and advantages of
tablets were perceived in bold outlines within the fest decades. Compression, powder flow, granulation, slugging
binders, lubrication and disintegration were all ap@ted early on, if not as science, at least asrthef pharmacy.
Industrial applications of tableting were not limiteddrugs, having broad application as well in confectioisgeneral
chemicals. But poor results were always evident ane: stams were being called "brick-bats" in the tradiaturn of
the 28" Century. Major consideration must be accorded to thaHatthe modern era of medicine was yet to const, be
dated as starting in 1937. Modern synthetic drugs, being erystlline, were generally more amenable to preenta

as solid dosage forms, and this fact gave more empoabisse dosage forms.

Tableting technology was still empirical up to 1950 asvidenced by the literature of the day. Limited worlsdane
before 1950 on drug release from dosage forms, sepanat@lismtegration, partly because convenient and sensitive
chemical analyses weren't available. Solution oktalds a whole was what was discussed, mostly vagieceto
tablets of simple chemicals or salts, in which thebettould be expected to dissolve. Early interest was shothe
penetration of coatings in the mid-30's.

Official disintegration tests were already adopted in 189Athe British Pharmacopoeia and in 1950 by the USP. Even
then, disintegration was recognized as an incompletagestidenced by the USP-NF statement that "disintegrati
does not imply complete solution of the tablet or evfeits active ingredient”. A big mistake was made acbi960
when disks (“bone crushers”) were allowed in the ®shl appreciation of the significance of drug relees® fsolid
dosage forms with regard to clinical reliability did etvelop until there were sporadic reports of product failurése
late 1950's, particularly vitamin products. Work in Canad€tbapman and others had shown that articles with long
disintegration times might not be physiologically aabié.



Two separate developments must be appreciated in disgessints from 1960 and onward. These enabled the field to
progress once the issue was raised. First was tresasinog availability of instrumental methods of analysspecially

for drugs in biological fluids. Second, and equally impurtavas the fact that a new generation of pharmaceutical
scientists was on hand to apply physical chemistry tonpdiay, a development largely attributable to Takeru Higuchi

and his students.

Instances in which tablets that disintegrated were hefegs clinically inactive came to light. Work iretearly 1960’s
by Campagna, Nelson, and Levy had considerable impactsofasitidawning consciousness. Sufficient industrial
concern had been raised that in 1962 the PMA Quality Adséadion's Tablet Committee did a survey of 76 agitbe
determine the extent of drug dissolved as a function of dilupikty and product disintegration time. They found a
significant problem, mostly with drugs of less than 0.3falslity in water, and came within a hair of recommerdi

that dissolution, rather than disintegration, standardeben drugs of less than 1% solubility.

Another factor emerged between 1963 and 1968 and contmbedte bane of any scientific discussions of drug
release. Drug bioavailability became a marketing issypalitical and economic issue. At first genericcdes were seen
as falling short on performance. Later, the older fdations, the longest in the marketplace often weea as short on

performance relative to newly formulated articles.

Official testing begins. The USP-NF Joint Panel on Physiological Availabiitys set up in 1967, see Figure 1, under
Rudolph Blythe who already had led industrial attempstaatdardization of drug release tests. That effortded t
adoption, in 1970, of an official apparatus, the Rotating Badkeitved from one designed by the late M. Pernarowski,
long an active force in pharmaceutical science in CGanad@ommercial reaction flask was used for costragdedness.
The monograph requirements were shepherded by Williakhadler, an industrial expert in analysis and control who
directed the APhA Foundation's Drug Standards Laborafditiiam A. Hanson prepared apparatus and later

commercialized a series of models.

The Joint Panel proposed no in-vivo requirements, butidhdil requirements were adopted in twelve compendial
monographs. USP measured the time to attain a speaifiednt dissolved, whereas NF used the more workabltest
the amount dissolved at a specified time. Considerablieax@rsy was raging at the time of the first offidasolution
tests. As more laboratories entered the field, and eqpes and mistakes accumulated, the period 1970-80 wa$ one o

official test and equipment refinement.

Later, a second apparatus was based on Poole’s uselabkvarganic synthesis round-bottom flasks as rdfimethe
St. Louis laboratory. Both choices of flasks provedtodie optimal, indeed, better if the two had been sexer
Eventually USP would offer seven apparatuses, three &otransdermal articles. A flow- through cell and a
reciprocating cylinder were adopted by way of harmoiratith Ph. Eur., but there are no USP requirementsiget

either of these.



There were known problems, such as low solubility drogt in actual clinical failures and in theoreticaits.
Similarly, the Joint Panel wanted to be able to gabket that dissolved within a reasonable volume,daramercial
flask. In earlier days, drugs were dosed in higher maSses.the last 35 years there has been a decreasees) dag,
250 mg. of an antihypertensive now might be replaced by Shage has been a change in the amount of drug that
needs to get dissolved for many categories of drugs. Meless, few monographs (see Digoxin Tablets) presented

challenge to analytical method sensitivity.

Two practical observations of signal importance mastiade on the situation as of 1970, when drug release,
dissolution, tests first became official through the lestdp of USP and NF. First, the plain fact is that mistkéablets
or capsules in general simply did not have a defined digsolctharacter. They were not formulated to achieve a
particular dissolution performance. They were not qualitytrolled through dissolution testing. The U.S. Food and
Drug Administration, moreover, wasn't even prepareghforce dissolution requirements or to judge their valuetgN
“sustained-release” products were tested, unofficiallhe NF Rotating Bottle apparatus]

The second practical observation is that the tremendus of dissolution testing tpality control had yet to be
proven, and this was perceived in 1970 only dimly even bipekeplaced observers. Until 1970, and even later,
discussions of dissolution were restricted to the comtexi-vivo - in-vitro correlations with some physiologic
parameter. Dissolution testing is sensitive to formotavariables that might be of biological significarzecause
dissolution testing is sensitive to formulation varialiregeneral. Exquisitely sensitive, by some accounts.dRapi
awareness developed between 1970 and 1975 of the properdidsatdition testing in formulation research and
product quality control.

A compr ehensive need. Consistent with this new awareness of the value of ldisso testing both in quality control
and bioavailability, USP adopted a new policy in 1976 thairtad the inclusion of dissolution requirements in
essentiallyall tablet and capsule monographs. Thomas Medwick chiiesléad Subcommittee. That policy could not
achieve full realization in view of industrial non-coopawa, but in July 1980 dissolution had grown to cover 72
monographs, most supplied by USP’s laboratory under L&ddy, or FDA'’s laboratory under Thomas P. Layloff.
USP also adopted additional apparatuses and refineméwtebel 975 and 1980, see Figure 1.

Dissolution testing over the years expanded beyond oxdiredlets and Capsules, first to Extended-release and
Delayed-release (enteric-coated) articles, then tadiermals, Multivitamin and Minerals products, and to €las

Monographs for non-prescription drug combinations.

Data variability. Tablets and capsules available in the above timefraftem chowed 10-20% relative standard
deviation in amounts dissolved, most obviously, though,sfow dissolving drugs a shown by the Food and Drug
Administration's St. Louis Laboratories results on al#0@ different batches of drugs available. New formulations
developed using dissolution, are much more consistent.



The key problem in dissolution testing was lab-to-lab dessagent. That essentially ended when calibrators veteda
and averaged values were to be compared. Every calilbatidr was subjected to a PMA/PhRMA Collaborative Study
to determine acceptance statistics. Calibrators wdopted to pick up vibration in the equipment and failure$ien t
drive chains and belts and operator error. Wherever rpattans are introduced in USP equipment, one of the
calibrators always picks them up. They were not adoptéest either deaeration or temperature control Haitwas the
actual experience. The instruction at that time waséidga," but how was not specified. At present, heat andum

are favored. There was constant interest and mangtliter reports about calibrators and dearation between &fi94
1999. The number of tests to qualify an apparatus was hialhtbe late 1990’s. Yet even today laboratories can fail,

especially on the international scene.

USP over time changed its decision ruBatch property analyses of strength use an assay of a composite pydcisel
exclude unit variation from the assay. The contemtdif/idual dosage units is tested as Content uniformity. Dissolution
testing always used intermediate decision rules. Origin@l969) USP tested unit values which proved to be
unsatisfactory because it caused lab-to-lab numericedegiancies. But in 1977 USP required averaging the values of
units, thereby moving toward the concept of dissolutiontzeteh characteristic. In 1997, pooling of analytical sample

was allowed, another step toward recognition of dissoiw#ga batch characteristic.

Availability concerns. Bioavailability issues continued to be raised throughaaitl®v0 - 1980 period, as best
illustrated by well-known clinical problems with varioaal solid products dissolution and bioavailability. Inukry
1973, FDA proposed bioavailability regulations that werenmade final but were followed in January 1975 by detailed
bioequivalence and bioavailability regulations that beedinal in February 1977. A big mistake was made in requiring
measure ofate of absorption, which seldom has any medical significance and led toyrfadse negatives because of
error and imprecision in measurement. In contrasted 975 proposal, the 1973 proposal did not contain thig&r-v
bioequivalence requirement concept, and this contrastieflee then growing awareness of the general utility

official dissolution requirements. Much of the impetus behiiredtioavailability issue came from the issue of
bioequivalence of drugs as this relates to generic substiti@ernard E. Cabana was the primary formulatdhe$e
regulatory initiatives. Jerome P. Skelly continued and exhaticam.

A major wave of introduction of generic equivalents toltf&A market followed the Hatch-Waxman legislation. The
leadership of Shrikant V. Dighe was pivotal to this agglishment. FDA continued to be the source of the great

majority of invivo/invitro correlations available to USP for non-First Caseddads setting.

Digoxin Tablets became and remained tmeindary condition for dissolution/bioavailability. Correlation between
dissolution and absorption was shown in 1973. Digoxinlifeaaving and maintaining drug, it has a low therapeutic
index, it is poorly soluble, it is absorbed high up in ititestinal tract (narrow window) and it is formulatesiaalow

proportion of drug to excipients. The official standard thibeed was the watershed for the entire field. Note that



published decisive clinical observations results wesedban merely three and four patients. The original condarn
Prednisone Tablets was based by Wagner on one patiené iB a message--if it really matters, one doeaewd 30 or

100 patients to see it. Decisive bioinequivalences alépicked up on very small patient populations!

No USP monograph has an in-vibmequivalence or bioavailability requirement, whethdnimans or in animals. This

is in stark contrast to the decades-old use of bioassagsmpendial requirements. The reason is that no known
bioequivalence problem emerged that could not be settteel &y a monograph dissolution requirement, or thetinglit

of a former monograph to create two distinct pharmaabp#icles.

Cause and Effect. There were dominant causes of examples of diminished biabiliay identified at the time all these
critical decisions were made. There were actual prothikttres in the marketplace, either poor bioavailabibr
bioinequivalence. For actual clinical problems, whatevthe cause and effect relationships? Tablets or esparg
physical-chemical entities, and tese is the final bioassay. Bioinequivalencies all were traced to formulation e
If there is a problem, there must be something witténphysical and chemical nature that one ought to ke tabl

determine.

Scientists early recognized that when the rate of ldissp was less than the rate of absorption then iswame is most
likely going to get a bioavailability or clinical cota¢éion. There was only a little early recognitionr(fexample,

phenothiazines) that intestinal metabolism matteredf thre problem of first-pass metabolism.

The first focus was on particle size and solubilityedPiisone, nitrofurantoin, digoxin, and such low solubility drugs
were pivotal at the time, based on clinical dataer@cits recognized that it is not the solubility of tiieg alone that is
critical; it is the effective surface area from whitie drug is dissolving. It is théux of drug into solution, which is a
function (Noyes-Whitney equation) of both solubility andtigée size. USP later adopted a test for intrinsicaliggon
rate.

The surprise came for everybody who said in the mig-#@at there could be 100 formulation factors that midgetaf
bioavailability or bioequivalence. Well, 100 never showgad What did show up constantly was hydrophobic
magnesium stear ate as dubricant, and it is still a problem. What also showed up wegascoated tablets because of a

hydrophobicshellac subcoat. Products then were shellac-coated also bo#fefpsnce or for longer shelf life.

Everybody already knew that inadequdisntegration was a problem, as discussed above. Disintegrant integrity

force of compression are operational here.

All four of these proven factors are sensitive to diggm testing. Wherever there was a medically sigaift problem,
a dissolution test showed the difference between thequivalent formulations and that still holds true today.



USP strategy. Much about dissolution and bioequivalence really wasisadgolitical, social, and economic argument.
How much competition is there going to be? So therestemtific aspect and there is a nonscientific aspeanhkly,
industry was not cooperating with USP. Thus, in 1975, L&erddy proposed a default standard to USP. Originally, it
called for 60% dissolved at 20 minutes for the FirsteGasvater, testing individual units in the official apas. Bill
Mader and Rudy Blythe in 1968-70 had demonstrated that at 2@esiome could start getting meaningful data,

consistent with the then typical disintegration times.

In 1981 a USP Subcommittee chaired by Jane Sheridanrichmtry actually pushed forward the default condition, and
that is why USP went promptly from 70 dissolution tést400 in 1985, a five-fold increase in four years! Here USP
selection of a higher amount dissolved, 75%, made fotaiglata and has the advantage of meeting any
pharmacological response curve, i.e., essentially camapgdad a later test time, 45 minutes, was chosen bedagave
formulators some room for elegance, for stability, ffiability--a lot of things other than dissolutionvéfything done to
make a product more elegant seemed to make dissolutiorr.pdobsequently, industrial cooperation improved, and
later the FDA Office of Generic Drugs supplied both alisson and bioavailability data and information to USP

elected experts for standards-setting.

. There were no known products that had bioavailgiplibblems or bioinequivalence that would pass First Cdee.
boundary drug, Digoxin, would have allowed a less-demanding@%tat 60 minutes, and it was tlad-back

standard. There is no known medically significant bioinequivakepcoblem with articles where 75 percent is dissolved
in water at 37in 45 minutes with the use of either official apparatussual speed. With USP whenever there was a
bioavailability correlation available that alwaysswhe basis of the monograph test. FDA supplied madyhose

always supported a less demanding requirement.

At theend of the day. Experience has demonstrated that where a medicallyismmitlifference in bioavailability has
been found among supposedly identical articles, a dissoligs has been efficacious in discriminating among these
articles. Because the USP sets forth attributes ataeptable article, such a discriminating test is satisfy because
the dissolution standard can exclude definitively any uraabke article. Therefore, no compendial requiremenmts fo
animal or human tests of bioavailability were neaeg. The practical problem has been the obverseistidissolution
tests are so discriminating of formulation factors thay only sometimes affect bioavailability thaisihot uncommon
for a clinically acceptable article to perform pooriya typical dissolution test. In such cases, the Comemitft®evision
has been mindful of including as many acceptable astadgossible, but at the same time not setting distolution

specifications so generous as to raise reasonabigicieoncern for bioinequivalence.
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Figurel. USPTIMELINE

1945, 1950 Disintegratdficial in Brit. Pharmacop. and USP
1962 PMA Tablet Committee proposes 1% solybiiitert threshold
1967 USP and NF Joint Panel on Physiological Abdlity chooses
Dissolution as a test, chooses an apparatus.
1970 Initial twelve monograph standards official
1971-4 Variables assessmente tadnoratories, three Collaborative
Studies by PMA and Acad. Pharm. Sci. 1975
First calibrator tablets pressed; First Case defaofigsed to USP
1976 USP Policysmprehensive need; calibrators (3) Collab. Study
1977 USP Guidelines for setting Dissolutitangards
1978 Appar. 2—Paddle adopted; two Calibrator talddopted
1979 New decision rule and acceptance @iter
1980 Three case Policy proposed; USP Guidelaésed; 70 monographs now
have standards
1981 New policy adopted January, includes tffi@utte=irst Case, monograph
proposals published in June
1982 USP Policy proposed for Modified-reledssage forms
1984 Revised poéidopted for Modified-release.forms
1985 Standards momearly 400 monographs; field considered mature;

Chapt 724> covers Extended-release and Enteric-coated
1990 Harmonizatigppar 4—Flow- through adopted; Appar 3 Appar 5, 6,
7 for transdermal articles.

1991 USP chaptemorivo/in vitro Correlations published

1995 Third Generation tegfiroposed—batch phenomenon; propose
reduction in calibration test number

1997 FIP GuidelifmsDissolution Testing of Solid Oral Products;

pooledtical samples allowed



1999 Enzymes allowed for gelatin capsules; remuftom 0.1 Nto 0.01 N
HCI to begin for 112 monographs .



