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ABSTRACT

The project was intended to compare relative bioavailabilities
f 4 brands of acetylsalicylic acid tablets as well as to establish
ether a correlation exists between in-vitro dissolution rate and
inary excretion analysiso

The official chemical analysis of the tablets showed that
I the tablets contained amounts of acetylsalicylic acid within

le required official limitso

I

The B.P. method of obtaining disintegration times of the
lblets was adopted and the brands had a rank order of: C
~astest rate), D,B,Ao

The dissolution profiles of the 4 brands was obtained
employing the rotating basket method (U.S.P). The rank order

sed on the rate of drug release ran as: B{most superior), D,C,

The in-vivo(urinary excretion) analysis was conducted
urine sampleso These samples were periodically obtained from

catheterized. male rabit. The rank order of bioavailability was
tained after~y)compu ing th7 area under the curve in the plot

cumulative amount of drug excreted versus timeo The order
s: B(highest% bioavailability),D,C,A.

The in-vitro dissolution rates were found to correlate
th the in-vivo results. No correlation could be established
tween in-vitro dissolution rates and disintegration times.



2INTRODUCTION

Through out its history pharmacy has been p ~~r£]~ concerned
h the dosage forms in which drugs are administered.
Iffessionalism in pharmacy used to be intimately related to the
lertise of the pharmacist in formulating the prescriptions he
ained from the physcian for the patiento The present=day
rmacist will normally rely on products already formulated by

pharmaceutical manufacturero

The pharmaceutical manufacturer will normally desigh an
ortment of dosage forms to suit various needs of the patient.

a given drug entity, there will often be differences in
siological availability and presumably in clinical responses
ng various dosage forms of the same drug given in the same
te of administration or among same type of dosage form made

I

two or more manufacturers~ The same differences are met
n within lots.of a drug product made by apparently same
ufacturer.

A large body of scientific evidence has n~w clearly
ablished that bioavailability, ioe. the rate and extent
absorption of a drug from its dosage form into the systemic
ulation may vary for a number of reasons. (WAGNER J.Go1971)o

h variations have been identified as causative factors in
ain failures in drug therapy. For many years it was assumed
t if a drug product contained the amount o~ drug claimed on

label, its performance could be taken for granted. Therapeutic
lures were seldom attri~uted to the product, but rather to some
ormality of the patiento

~riations in bioavailability occur for a number of reasons.
/

e falls under two categories, namely. Patient=related and
ge-form-related factors. Among the patien~-related factors
those over which the phygcian and/or the patient can exert some
rol. These include the time of drug administration relative
eals,i.e, the effect of stomach-emptying time, the concommitant

'nistration of other drugs, which may affect absorption and the
liance of the patient with the instructions of the physcians
macist or nurse.

Dosage-form-related factor~ which can produce profound differences
rug bioavailability include formulation and manufacturing
abIes such as the particle size, particl~ size distribution,
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the chemical form and solubility of the drug, the nature and
quantity of excipient used, the compaction pressure, etco

The release of a drug from its dosage form is of utmost
importance. The release pattern should be reliable and
predictable from batch to batch as well as from product to
product since the patient's therapy may involve a change in
the brand being taken. Such brand interchanges can lead to
either an underdosing of the patient if the new b~and of the
drug releases, its active ingredient less efficiently than
the original product or. an overdosing if the converse is trueo
Either happening is undesirable since at bes it will result
in the physcian having to modify the dosage regimen of the
second of the drug so as to bring the patient's condition

I

under control, and at worst the therapeutic failure may
ultimately result in the death of the patiento Thus, it
is highly desirable to develop rapid, efficient, and reliable
techniques for monitoring the release of the active ingredients
from the various brands that are available. This is particularly
so for high-risk agents which are used to treat life-threatening
or serious diseases, or those drugs which exhibit a step log-dose
response curve and/or a low therapeutic index, or those drugs
which have nelatively low aqueous solubility i.e. ,less than
1% over the PH range 1-8. Example of drugs which fall into
this category include digoxin, phenytoin, warfarin, quinidine,
prednisone, and theophylline(ANON,1973)o

In the initial development of pppropriate techniques for
monitoring the release of the active ingredients from various
brands of a drug product disintegration test was considered
to be predictive of physiological bioavailabilitYe Around
the same period, there began to appear studies involving a
number of different tests performed under varying conditions,
suggesting that disintegration times in-vitro may not give
a clear indication of physiological availability. This in
effect increased awareness of the potential of dissolution rate
studies as indicators of physiological availability.
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Dissolution testing will only assure of drug availability
if a correlation can be established between in-vivo and in-vitro
data. Where such relationship exists dissolution testing
becomes an important tool in assessing a drug product quality
and also it can be used as an indicator of drug bioavailabilityo

I

There are several advantages associated with in-vitro dissolution
testing, ioeo unlike in-vivo analysis, the in-vitro tests are
easier, less tedious and are run over a shorter duration of time.

Disintegration Test: (B.P.l980)

Disintegration may be defined as the process by which the
tablet breaks up into small fragments and aggregates of powder.
Deaggregation of the aggregates normally result in formation of
fine particles of the drug. In routine production,
disintegration test is carried out as a quality control
rather than a test for physiological availability of the
drug in the body and cannot be correlated with in-vivo
urinary excretion as is pointed out under dissolution.

/
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Dissolution Test

It is axiomatic that a drug preparation shall be
therapeutically effective yet only in the recent past has it

/been realized how wide may be the margin Letween potential
activity as inferred from the known drug content and the
actual activity observed in clinical use. Many variations
of biological acti vity of a given drug sub st anc e ar-e] brought
~bout by the rate at which it becomes available to the
organism. In ma~y instances, dissolution rate, or the time
it takes for the drug to dissolve in the fluids at absorption
site, is the rate limiting step in the absorption processo

This is true for drugs administered orally in solid forms
such as tablets, capsules or suspensions, as well as drugs
adm.in.is t.er-ed Lnt.r-amus cuLar-Ly in the form of pellets/or
suspensions. The scheme shown below shows the various
processes occuring prior to absorption of a drug from its
~osage form (S.KARGER,1979)o
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AGE FORM ~g
LET,CAPSULE
INTRAMUSCULARr-~~~~~~~
LET OR
PENSION

GRANULES FINE

PARTICLES
AGGREGATES

~-r------_I

Dissolution

DRUG 1- SOLUTION

I

Absorption from GIT or Muscle

lDRUG IN BLOOD SYSTEM AND
~THER FLUIDS AND TISSUES

From the above scheme it can be concluded thpt dissolution of drug
from its formulation occurs not only from the fine particles of
the drug that are ultim8tely produced, but Also to ~ small extent
from the intact dosage form and fromEragments and agglomerates
produced after disintegration.

When dissolution rate i the rate-limiting step, anything
which affects it will also affect absorption. Consequently,
dissolution rate can affect the 0 set, intensity and duration
of response, and control the overall bioavailpbility of the drug
from the dosage form.

The dissolution of a substance in a non-reActing solvent may be
described by the Noyes-Whitney equation shown below (NOYES
et aI, 1897):

dc = K S ( Cs - C)
dt

Where the term 2£ is the rate of solution, S is the surface
dt

area of a dissQlution solid and K is the dissolution rate
constpnt, which includes several factors, ~uch ?s intensity

/
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of agitation, vissosity of dissolution medium , diffusion
coefficient of a dissolved drug and specific effects
peculiar to the particular type of preparation. The
concentration of the drug in the dissolution medium
at some finite time is represented by C and Cs is
concentration of the drug in the diffussion layer
surrounding the solid material~ Accordinly Cs is
essentially equivalent to the concentration of a
saturate solution of the drug in the solvent, and
the rate of diffusion of the drug molecules through
the diffusion l~yer into the body of the solution.

Examination of the Noyes-Whitney equation suggests several ways
by which the dissolution rate of a drug may be increased.

Since dissolution rate is directly proportional to surface
area and subsequently in more rapid dissolution. Early
observation of the effect of particle size on blood levels was
made with several sulfa drugs, specifically, sulfadiazine
and sulfaethylthiadiazole. Modern insulin preparations provide
a further example of importance of particle size and polymorphic
form as factors controlling the biological availability of a
drug. An insulin-Zinc complex can be precipitated either as
10-40 Urn crystals or as amorphous particles upto 2 Um in sizea
If a mixture of both types is injected the amorphous particles
dissolve rapidly for prompt response which is maintained by the
slower dissolution of the crystals. The proportions of each
type of particle determine the rele~se profile of the preparation
and may be varied to suit individual needs of the patient.

Griseofulvin is a drug which provides one of the most striking
examples of the role dissolution rate and effect of surface area
play in biological availability. It was shown that the amount
of griseofulvin absorbed increase linearly with an increase in
specific surface area of this drug. These observations led to
marketing of micronized preparation of this drug which permit
a dosage reduction of 50% compared to the original forms.
(ATKINSON Et aI, L962). Particle size reduction can be obtained
in several ways. Historically, this was accomplished by
grinding or micronization. More recently, particle size reductions
have been accomplished in a number of instances by the preparation
of mLcr-ocr-vsrt.a LLf.ne mole~lll::lrd'~n~r o"-'='- nnn.-.l..,. co.nl••hl .•• ,1•..•••••..0
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Although reducing particle size will influence dissolution
in a positive direction, use of this technique to enhance
absorption is limited to those cases in which absorption is
dissolution-rate limitede Normally, an increase in dissolution
rate is of little value for water soluble drugs or weakly basic
drugs administered as their salts since their absorption is
usually not dissolution-rate limitedo In addition, there are
instances in which particle size reduction may result in an
overall decrease in bioavailabilityo For example, a situation
$ay exist in which a drug is unstable in the gastric fluidso
Rapid dissolution results in a more rapid degredation and an
overall 'reduction in bioavailabilityo

The dissolution rate of drugs may also be increased by
'ncreasing the solubility in the diffusion layero The most
ffective means of obtaining higher dissolution rates is to use

highly water soluble salt of the parent substance. Although
solub~e salt of a weak acid will subsequently precipitate as the

in the bulk phase of an acidic solution,(such as gastric
will do so in t~e form of very fine particles with a

arge surface area. High solubility is one of the several factors
ffecting the dissolution rate, but this property is not always
ecessarily associated with a high dissolution rateo THis is so
ince solubility refers to an equilobrium condition while dissolution
s a kinetic process. Saturation is seldom reached in gastrointestinal
luids, and, since absorption and distribution processes constantly
emove dissolved drug, the important factor is how rapidly the solid

appears in solution in an absorbable and diffusable formo In
where a drug present itself in form of several polymorph~,

he metastable ones will have a greater dissolution rate compared
stable oneo The same applies to amorphous form' which
more soluble than the corresponding crystalline form9

e state of hydration of the drug will normally have a bearance
n solubility and it is normally found that anhydrous form is more

luble that hydrated form. The chemical form of the substance,
hat is, free acid or base or salt or ester form, can also result
n significant differences in dissolution rateo

The mode of formulation and method of manufacture can effect
'ssolution rateo Thus for instance, the use of hydrophobic
bricants such as magnesium stearate in tablet manufacture may
nfer to the tablets non-wettability property, thus preventing
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an adequate contact between gastrointestinal fluids and drug
particles and hence the ~ubsequent decrease in dissolution rate.
The use of hydrophillic lubricants such as sodium lauryl sulfate
has an opposite effect for thereis a reduction in angle of
contact thus promoting wettability of the particles. A notable
example of the influence of formulation aspects on dissolution
rate is provided by phenytoin, the antiepileptic drugo It was
found that incorporation of lactose as a diluent in capsulation
of the drug resulted in attainment of ,toxic blood level of the
drug indicating that lactose indeed influenced the rate of
dissolution (TYRER Et,al,1970)o

In-Vivo Urinary Excretion:

This can be used as a method of determining bioavailability
of various brand of a drug producto The term bioavailability as
applied to a formulation of a drug means in its limited form,
the relative absorption efficiency of the formulationo A broader
~efinition (suggested by METZLER C.M. 1974) refers to the study
)f the factors which influence and determine the amount of active
irug which gets from the administered dose to the site of pharmocologic
action as well as the rate at which it gets thereo In general
ractise, bioavailability refers both to the relative amount of drug

~hat reaches the circulatory blood and the rate at which the drug
~ppears to blood stream and hence in the urineo A knowledge of
~ioavailability of a drug is important during the development,
ormulation, evaluat~on of dosage forms as well as in drug product
election.

The concentration of the drug in the immediate vicinity of
e receptor sites can rarely be measured direct but usually an
uilibrium is est~blished between this concentration and that of
e drug circulating in the blood stream. After attainment of this
uilibrium, ~easurements of plasma level of the drug reflects both
e drug concentration at the receptor sites and the pharmacological
tivity of the drug. It can be shown using pharmacokinetic data
om the rate of urinary excretion of a drug that the rate at
ich unchanged drug is excreted in urine is directly proportional
the concentration or amount of drug present in the body, and
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that changes "in urinary excretion reflect changes in the
concentration of drug in plasma or amount of drug in the
body(CHULSKI T Et aI, 1963)0

Since the largest proportion of the aspirin is excreted
in urine as salicylic acid(see elsewhere), the chemical
assay of the urine can be based on the measurement of the
amount of salicylic acid in urine. Being phenolic, salicylic
acid complexes with ferric ion producing a stab~e colored
complex which can be measured spectrophotometrically.
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Pharmacokinetics and stability of Aspirin

Aspirin finds clinical uses owing to its analgesic,
non-inflammato~ and antipyretic properties. Being an
ester, As~irin is susceptible to hydrolysis yielding
s~licylic acid and acetic acid;

The rate of hydrolysis increases with temperature and also
var~es with PH in ~ cDmplex manner, being minimum at PH 2-3 then
Lncr-es sLng upto PH 500 but vLr-t.u aLky ~ainS,;, const.an t, from
PH 5-8 Wbertit agClin increases rapidly with further rise in
PH (EDWARDS .J,1952).

The absorption of aspirin can be explained by the PH-
partition hypothesis of Brodie, Hogben Schanker,Shore and Tocco
(1957-1964). The hypothesis holds thpt:- the gastrointestinpl
membrance acts like a lipoid sieve~ barrier, the unionized form
of drug is preferentially absorbed, absorption occurs by pqssive
diffusion and the rate of absorption and amount absorbed in a
given time are related to O/W partition coefficient. On the
basis of this hypothesis the stomach is potentially the most
important site of pspirin absorption since the acidic conditions
favour exist ce of the unionized form of the drug, whose pbsorption
is favoured. On the other hpnd, aspirin is sparingly soluble at
gastric PH and the rate of ~bsorption is limited by the rate of
dissolution of aspirin. Other factors thet influence absorption
of aspirin from the stomach include gastric emptying time and the

•nature of stomach contents, thus if neutralised or alkaline. It
is noted that pbsorption is greatly reduced due to conversion of
aspirin to its, ionized form(CARNOT P. 1932)0



In the intestines the conditions are less acidic but
aspirin is more s luble and aspirin will thus dissolve
more r8pidly. The extended mucosal surface together
with peristathic movements are further factors which
facilitate most of absorption to be in the intestines.

Aspirin undergoes the following metabolic
conversions while in the human body.

O(J>Q1i Cr{;oOl{ vl

-\ ""'" .....Il:tpeo ljS~ \ """ ffjIJ&XY/FMj.. ( (Pi

.~: - OCctH,!, .0 011 ......: t'J¥.

'~fi'rll*-, ~lt'~ll(.,kb~ ~rrtJ.'{GAc.

~:1\AerA-11 f) N

Aspirin is rapidly eliminated from the body. This is almost
entirely due to its rapid hydrolysis to salicylic acid by
enzymes present in many tissues including blood, for the
urinary excretion of aspirin accounts for only 1-2% of
the dose taken (CUMMINGS Et al,1966). The rate of
excretion of aspirin varies with the PH of urine, increasing
as the PH rises and being greatest at PH 7.5 and aboveo-
Aspirin is excreted in urine in the following forms and

proportions~ Salicylic acid 10-% Gentisic acid 5% Clycine
conjugate·60% and Glucuromideconjugate 25%.
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EXPERIMENTAL WORK..

Materials and Methods
- f J ; t J •••

I. O~INHCL & O.5NHCL, prepared from IIo8NHCL Supplied
by May and Baker Ltd, Dagenham, England,

2. Potassium Hydrogen Phthalate- May and Baker,
Dagenham, England

3. Phenol Red Indicator solution - B.P~ Preparation.
4. Pure acetylsalicylic acid powder - EoToMonks Dispensing

Veterinary Chemists,
Kimathi Street, PoOoBox
30069, Nairobi.

5. Ferric Nitrate - BDH Chemicals;, Poole, England.

6. Mercuric Chloride - EoMerk AGo Darmstadt, Germanyo

Ap'Earat,u,s/Ins,trum,ent~:

I. Spectronic 20 - Arthur HoThomas Co.
Scientific Apparatus, Philadelphia, PA~ UoSoAo

2. Spectronic 21 - Bausch & Lomb, UoSoAo

3. Dissolution apparatus - Erweka Apparatebau,
GoMoBoH, WoGermany.

Materials
• I J

I. Acetylsalicylic acid tabletso

2. Adult male rabbits.



Analysis to determine Acetyl salicylic Acid content

in the four Brands A,B,C AN~ iD

(a) Preparation of analytical reagents
(i) 0.5N HaOH (lOOOml)

I Mole NaOH = 40g
!Mole NaOH - 20g

Thus to produce 6.5N NaOH solution, 20g of N~OH pellets
were dissolved in distilled water and the resulting solution
made up to 1 litre in a IOOOml vQlumetric flask.

(ii) 0.1 N HCL (IOOOml)
N,V, = N2 V2 •••

I
N,

Where V,=Vol of cone acid of-normality N,
required to be diluted to produce a dilution
of volume V2 having a normality of N2•

Normality of conc.Hcl used N, = 11.8N
Expected volume of dilution, V2 = 1000mls
Expected normality of dilution, N2 = 0.5N

• Vol of conc. Hcl required V, = 005 X lOOOmls
11.8

= 42.37mls

Thus 42.37mls of the acid were diluted to 1000mls
with distilled water in a lOOOml volumetric flask.

(b) Standardization of the analytical reagents.
The primary standard against which the two reagents

prepared as above were st~ndardized was Potassium
Acid Phthalate.

The reaction between N80H and the latter can be .
depocted as follows:-



Thus stoichiometrically,

I mole of potassium acid phthalate(KAPh)= Imole of NaOH
or 204.23g of KAPh = 1000mls of IN NaOH
or 102.ll5g of KAPh = 1000mls of 05N NaOH
Thus lo021l5g of KAPh = 10mls of Oo5N NaOH

I.02ll5g of KAPh was accuratelYlweighed out and dissolved
in 50 ml of distilled water in a conical flasko Using
phenophthalein as the indicator, the solution in the flask
was titrated against 0~5N NaOH solution to be standardizedo
Titration results:

I II
, IO.SO 22.S5Final Burette Reading (MIs)

Initial Burette Reading (MIs) 0.00 12.00

0.5N NaOH titre (MIs 10.S0 10.S5

• • mean titre = (IOoSO + IO.S5) mls = 10.S3mls

2

Volume correction factor (P) for O. N N H = 1.02115 X IO

where t is experimentally obtained titre. 1002115 X t
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Thus f = 10 = 10 = 0.923361

t 10083

In a similar titration, 10mis of O.SN Hcl were found to consume
lO.45mls of the O.SN NaOH solutiono

Using the formula f ~ N ,.V f :::z f2~Ni V2, the volume correction
factor (f2) for the O.SN Hcl can be calculatedo

Thus, f 2 = f f N ,V,

N2 V2
where f, = volume correction factor

for the OoSN NaOH

= Normality of NaOH and its
volume, respectively,

and

N2 and V2= Normality of HCL and its
volume, respectively.

= 00923361 X O.SN X IO.4Smls
O.SN X IOmis

= 00964912.

c) Assay of acetylsalicylic acid content by B.P method

- Hydrolysis followed by Backtitration

Acetyl salicylic acid d~ssolves readily in dilute
alkaline solution and it is completely hydrolysed by
boiling or heating for a few minutes on a water-bath
in the presence of an excess of base,
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Thus everyone mole of aceylsalicylic acid is stoichiometrically

ivalent to two moles of NaOH. For a given brand, 20 tablets
e randomly selected, weighed and powdered by use of a pestle and
tar. To a quantity of the powder equivalent to 0.5g of
tylsalicylic acid, 30 mls of Oo5N NaOH solution were added.

flask contents were boiled gently over a water-bath for some
minutes. The cold flask contents were titrated with 0.5N Hcl
ng phenol red as the indicator.

The operation was repeated without the powder, the difference
ween the titrations representing the amount of 0.5N NaOH
ution required by the acetylsalicylic acido

From the chemical ~quation given earlier, it can be shown
at,

IML OF 0.5N NaO~ = 0.04504g of acetylsalicylic acid
> determination were made for each of the 4 brands.

Layout of calculation as exemplified by results obtained

I~ brand A

g

g
7.4227
0.7355

Jt of 20 tablets + container
,t of 'Empty , Container

Jt of the 20 tablets g 6.6872

wt of each tablet = 6.6~72/20 = 0.334369 ~
Manufacturer~ label claimed each tablet contained 300mg
of acetylsalicylic acid.
amount of powder with approximately 0.5g of acetylsalicylic
acid = 0.33436 X 500 = 0.55727g

300

/

(
\.



I II

lvtof container + Powder sflmple (g) 11.2940 1102942
wt of 'Empty f container (g) 10.7361 10.7359

· Wt of powder used (g) 0.5579 0.5583·.
Final ~urette Reading (m1s) 17.20 34.25
Initial Burette Reading (m1s) 0.00 17.20

•·. O.5N Hc1 Titre (m1s) 17.20 17.05

In addition, 0.5N Hcl titre for 30mls of the 0.5N NaOH w?s
found to be 28.71 m1s.

For brand A spmple I:
Vol of 0.5N NaOH solution required = (28.71 -17.20)mls a 11.5l~

mls).
corrected volume of .5N NaOH = 11051 X 0.923361 mls

• •
= 10'.63 mLs ,

Acetylsalicylic acid content per tablet =. .
10.63 X 0004504 X 0.33436g

1 I ) .
0.5579

= 002868..9
Thus % label claim ~ 286.8 mg X 100 = 95.61%

300mg

Similarly:
% label clpim for brand A sample II

= (28.71-17.05)X 0.923361 X 0.04504 XO.33436%

0.5583 X 0.5

= 96.8%.

mean % label clpim for brand A
• •

f = (95.61 ~ 96.8)%/~

= 192.41%. .
2
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The other 3 brands B,C and D were treated in the same
way and the results entered in table I cited under ftRESULTS·.

I

(
\
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1ft Vitro Drug Dissolution •

The official dissolution method of N.P. end U.S.P
WAS used. In this method, otherwise known as the Rotating
B~sket Method, the opereting conditions were as follows:
(i) One litre of O.lN Hcl)employed as the dissolution

medium.

(11) The temperature of the dissolution medium was kept
+ 0at 37- 0.5 Co

(Ill) The basket was set to rotate at 50 R.P.M.

After switching on the machine following introduction of a
t8blet inside the basket, 5 mls samples of dissolution medium
were withdrawn after 5min, 10min, 20 min, 30 min,40 min •••••••
and so on. This withdrawal was facilitated by use of ~
syringe and each was accompanied by introduction of 5 mls of
fresh dissolution medium to replace the 5 mls that had been
drawn out.

The samples were assayed for acetylsalicylic acid
content spectrophotometrically. The assay involved
diluting the 5 mls s~mple with O.lN Hcl to give readings
within the sensitive rangefur the spectrometer (spectronic
21). .The absorbance of the solution were read at ~ = 277nm,

"-the wavelength at which acetylsalicylic acid has an absorption
maximum. The absorbance values were converted to ?-mounts
by use of calibration curve.

In the construction of the calibration curve, a stock
solution containing 0.2g of !cetylsalicylic acid in 1000mls
of 0.1 N Hcl W8.S prepared by dissoving O. 2g of pure
acetylsalicylic acid powder in the O.lN Hcl, MQrking up to
lOOOmls in a 1000mls volumetric flask&

/



The stock solution was diluted with O.IN Hcl to
produce the following dilutions: •

Final dilution olume (mls) of Volume (mls) of
mg acetylsalicylic stock solution O.IN Hcl required
acid per 100ml Taken to mark upto lOOmIs

1 5 95

3 15 85

6 30 70

9 45 55

12 - ,60 40

15 75 25

The absorbance of each dilution was read at)-,,277nmusing
spectonic 21.

The results are shown in table 30

A plot of absorbance versus concentration yield a calibration
curve(fig.l).

.....

~

I

~/
,-,



In Vivo Dissolution

A day before the. experiment, urine samples were collected
over a period of six hours. The samples were pooled together
to give the blank sAmple. After an overnight fasting of the
rabbit 40 mls of warm water(37°c) WAS used to make a suspension
of a crushed tablet Bnd the latter was introduced into the
stomach with the aid of A syringe and a piece of rubber
tubing. Further 30mls of warm water in portions of 10mls was
used to wash into the stomach any left-over particles in the
syringe and the rubber tubing. The time for the last washing
was taken to be the reference time zero. For effective
hydration of the animal a further 20mls was administered
~ hourly interval.

Through the marginal vein of the ear 50% ur~thane solution
was administered gradually until the depth of anpesthesia was
sufficient enough to allow catheterization of the bladdero
At half-hour interval, urine samples were collected and after
noting the volume collected 10mls were trf'nsfered to bottles
lleirding .. analysis. The lOml, sampleswerestor.ed in a refrigerator
until all samples were collected.

Chemical Anallsis of Salicllate from Urine:

Aspirin is rapidly metabolized in the body and excreted
into the urine, in the form of salicylic acid (IO%),gentisic
~id (5%), glycine conjugate~O%) and glucuronide (25%)
(see elsewhere).

The analysis of the phenolic group which reacts with the ferric
ion and does 'not include the determination of the glucuronide.

The colour developing reagent was prepAred in accordance
to the following formula:

Mercuric Chloride
Ferric Nitrate
n Hcl
Distilled water to

8.0g
8.0g
24.0mls
200.0mls

I ml of urine was pipetted into C' centrifuge tube and to this
was added 5 mls of colour developing reagent. The tube was

centrifuged at 1000g for 10 minutes. The supernatant was
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transferred to a tube and its absorbance read against
the blank spectronic 20 at 540nmo Too concentrated
samples were diluted to reach an accept~ble absorbance
value (0.15 to 0.7), taking note of the dilution
£sctor.



Table

B

A

B

C

D

Tl\ble

B

,

~

RESULTS

I Chemical assay of ~cety1sa1icy1ic acid
content in the tablets by BoP.methodo

rand
% Label claim

1st Determination 2nd Determination mean

95.61 96.80 96.21

94.52 95.05 94.79
95.22 96.14 95.68

94.62 94.84 94.74

2: Disintegration times of the tablets obtained by
the official B.P.method.

rand

Disintegration time in seconds

1st Determination 2nd Determin;ltion mean

64.0 61.0 62.5

20.0 24.0 22.0

11.0 13.0 12.0

14.0 12.5 1305

A

B

c

D



Table.3: Concentration of pure acetylsalicylic acid an
corresponding absorb~nce. The data gave the
calibration curve for In-Vitro dissolution
determinAtion.

•

Absorbance
at 277nm

1 0.060

0.160

Concentration of pure
Acetylsalicylic(mg!lOOml)

3

6

12
15

0.340

00520

0.800
0.8 0

9
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~g Dilution Absorbance ~ = 277nm Mean Conc Conc ~ilount of Amount 0 Cumu1at,ive
1st 2nd Absorbance ~spirin in Aspirin i Aspirin ,

factor Aspirin Aspirin X- Determination Determinatio ,
mg/IOOm1) Dilution Sm1s samp- the f1~sk Release

fActor Le (mg) (mg) (mg)
(mg/IOOm1) I

I ' 1 0.120 0.105 0.110 2.0 2.0 0..10 20.0 20
I

I 1 0.200 0.220 0.210 3.7 307 0019 3700 37010
: 0.260 4.62 0.265 00260 9.2 0.46 92.0 92.29

2 0.405 0.400 00400 7.1 14.2 0 .•71 142.0 142.75

I ,
2 00435 0.430 0.435 7.7 15.4 0.77 154.0 155046

1 8.8 17.6 0.88 176.0 178.232 0.505 0.490 0.500
I .

2 0.510 0.'500 0 ..505 8.9 17.8 0089 178.0 181.11
I. 0.520 0.515 9.1 18.2 0.91 182.0 186000~ 2 0.515

2 0.525 0.520 0.520 9.2 18.4 0.92 184.0 188.91
I

/" 186.0 191.832 0.535 0.525 00530 9.3 18.6 0.93 -

2 0.540 0.545 0.,540 9.5 19.0 0 ••95 19000 196":76

: 2 0.535 0.545 0.540 9.5 19.0 0.95 190.0 197071

I 2 0.545 0.550 0 •.545 906 19.2 0.96 192.0 200.67

I 2 0.540 0.550 0.545 9.6 19.2 0.96 192.0 201. 63
I

.
\

- -



TAR~E~' :T_TKII 1J1:"5:""llLUTION DATA FOR BR.~N" D
,.

,

- !

ING DILUTION ABSORBANCE ~ := 277nm MEAN CONC CONC AMOUNT OF AMOUNT CUMULATIVE ~";"-'"

~
E FACTOR 1ST ftBSORBANCI ASPIRIN ASPIRIN ASPIRIN OF /ASPIRI~ ASPIRIN RELEASE
.)

mg/IOOm1 ...(-mg)DETERMINATION DETERMINATION X DILUTIO IN SMLS ,IN FLASK
FrA£,qIt~....\ SAMPLE(mg) (MG)

-:»
~

1 0.210 0.200 0.205 3.6 ~3.60 0.1Q 36 36.0-
,

1 0.310 0.290 0.295 5.20 5.20 0.26 52 52.1~
~

3 0.190 0.195 0.190 3.40 , 10.20 0.51 102 102.44
",

3 0.225 0.220 0.230 4.1 12.20 0.61 122 122.95 ,

3 0.27 0.260 0.265 4.7 14.10 0.705 141 142.56, -.,

" 3 0.290 0.2~0 0.2QS 5.0 15.00 0.75 150 152.27
:~

3 0.300 0.~95 0.295 5.2 15.60 0.7~ 156 -150.02

3 0.350 0.340 0.345 6.1 1Q.30 0.915 lq3 1~6.~0 /
- r

3 0.400 0.390 0.395 7.0 21.0 1.05 210 214.71

3 0.430 0.420 0.425 7.5 22.5 1.125 225 230.76

I 3 0.460 0.460 0.465 Q.l 24.3 1.225 243 249.89
,

I 3 0.495 0.480 0.485 Q.5 25.5 1.275 255 263.11
,

) 3 0.500 0.490 0.495 8.7 26.1 1.3(t5 261 270.39
~ - - - - - - - - - - - - -
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I
. I

f
DILUTION ABSORBANCE ~ = 277nm MEAN CONC CONC AMOUNT OF AMOUNT OF CUMULATIVEFACTOR ABSORBANCE ASPIRIN ASPIRIN ASPIRIN ASPIRIN ASPIRIN

1ST 2 ND ,mg/l00ml X DILUTIOl IN SMLS IN THE RELEA~EFACTOR SAMPLE FLASK (mg)
I )ETERMINATION DETERMINATION Im~dl00ml .(m!T) (mu\
I

.
I 25.001 0.140 0.140 0.140 2.5 2.5 0.121) 21:;

I 3 0.095 0.090 0.095 1.~ 5.4 0.270 54 ti.!.11
i
I 3 00;135 0.145 0.140 2.5 7.5 0.375 75 75.40
~ 3 0.190 0.1~0 0.1~5 3.3 9.9 0.495 99 99.77-
I 3 0.230 0.230 0.230 4.1 12.3 0.615 123 124.27 .
I 3 0.230 0.250k 0.240 4.2 12.6 0.630 126 127.~<i
i ,

~
3 0.260 0.265 0.275 4.~ 14.4 0.720 lAA lAh 1:1

3 0.2~5 n 2QC; 5.3 15.9 0.795 159 162.23 \0.2<)0
-

3 0.300 0.305 0.305 5.4 16.2 O. s i o 162 166.01,
I 3 0.370 0.360 0.365 6.4 19.2 0.96 192 196.~4

--'
I 3 0.360 0.390 0.375 6.6 19.Q 0.99 19.~ 203.~0
I,

\

I 3 0.400 0.410 0.405 7.1 21. 3 1.ot 213 219.Q7

I 3 0.410 0: 420 0.415 7.3 21.9 1.10 219 226.94
I - - - - .'- - - - - - - - - . .- - - - - - ,
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TABLE 7: IN VITRO DISSOLUTION DATA FOR BRANr B

-
DILUTION ABSORBANCE 1\ = 277nm MEAN CON CONC ftMOUNT OF A-~OUNT OF CUMULATIVE1ST 2ND ABSORBANCE ASPIRIN ASPIRIN X ASPIRIN IN ASPIRIN IN ASPIRINFACTOR

~ (mg/IOOm1) DILUTION 5m1 SAMPLE THE FLASK RELEASEDETERMINATION DETERMINATION - FACTOR (mg) (mg) (m~)(m!!/lnnml\
,

1 0.1~5 0.175 0.1~0 3.2 3.2 0~16 32 32 .o
"

~
63 n1 1n3 0.120 0.120 0.120 2.1 61 o 't2

3 0.200 0.205 0.205 3.6 10C,8 0.54 10,~ 10~.4q
'"

3 0.305 0.310 0.310 5.5 16.1) O.~~ 161) ]66.02
I

0.410(
,

3 0.415 0.400 7.2 21. 6 1.0~ 216 217.R5
t,

~.3 24.9 1.25 249 251.<)3,I, 3 0.4RO 0.460 0.470~'

,j

.

3 0.500 0.490 0.495 8.8 26.4 1. 32 264 ' 26~.lR

3 0.510 0.505 , 0.510 9.0 27.0 1. 35 270 275 __SO
I, <, 0.510 0.510 9.0 27.0 1.35 270 276.~53 0.510

3 ,.' o. 5] 5 0.520 0.520 G9.2 27.6 1. 3R 276 2'::4.20
- .- \ 27.8 1.~3Q ~78 , 2S7.5133 0.525 0.525 I 0.525 9~25

<;3 0.530 0.510 0.530 CJ • .30 27.9 1. 40 2'79 2~9.97 ~-
I

1- 3 0.510 0.535 0; 535 9.4 2~.2 1,.4.1 'l ~ ?. .. ?OA '1'"
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JABLE10: DATA FOR 1ST DETERMINATION OF URINARY EXCRETION FOR BRAND B

.~mm VOL OF DILUTION ABSORBANCE AMOUNT CUMULATIVE
I (min) URINE FACTOR AT 540nm OF A1'lOUNT

COLLECTED SALICYLATE SALICYLATE
(mls) IN THE EXCRETED

URINE (mg)
SAHPLE

I

(mg)

30 12.7 1 00185 2~35 2.35
60 15.4 2 0.490 15009 17.44

, I 90 36.3 5 00530 96.20 113.64
-

• 120 24.9 5 0.675 ~4.04 197.68
I 150 14.3 5, 0.295 2L.09 218.77

180 9.0 5 0.260 11.70 230047
210 3.5 5 0.400 7.00 237.47

......,.E 11: DATl\ FOR 2ND DETERMINATION OF URINARY EXCRETION FOR BRAND B

14.7 1 0.125 1.84 1.84

: 13.5 2 0.620 16074 18.58
I, 20.0 10 0.450 , 90 ..00 108.58
l 16.0 10 00495 79.20 187.78

.~ 14.0 10 00180 25.20 212098
9.1 5 0.240 10.92 223.90
3.•8 5 0.450 8.55 232.45

HE
iln)

r:UMULATIVE
. AMOUNT

SALICYLATE
EXCRETED
(mg)

DILUTION
FACTOR

ABSORBANCE
AT 5410nm

AMOUNT OF
SALICYLATE

IN THE
URINE

SAMPLE
(mg)

VOL OF
URINE

COLLECTED
(mls)
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~LE 12 DATA FOR 1ST DETERMINATION OF URINARY EXCRETION FOR BRAND C
"

OHE VOL OF DILUTION ABSORBANCE ,AMOUNT OF CUMULATIVE
tin) URINE FACTOR AT 540nm SALICYLATE AMOUNT

COLLECTED 'IN THE SALICYLATE
~m1s) URINE EXCRETED

SAMPLE (mg)
(mg)

30 15.0 1 0..040 0 ..60 0.60

60 40.0 1 0.110 4.40 5.00

90 26.0 5 00475 61.75 66.75

~20 19.5 10 0.555 108 ..23 174.98

SO 7.0 5 0.645 22.58 197.56
80 4.5 5 0.440 9.90 207.46

~10 2.5 5 0.315 3.94 211.40
I

~LE 13: DATA FOR 2Nn DETERHINATION OF URINARY EXCRETION FOR BRAND C
~~

;ME VOL OF DILUTION .A~SORBANCE ANOUNT OF CillWLATIVE
1Ji) URINE FACTOR AT 540nm SALICYLATE AMOUNT

COLLECTE IN THE SALICYLATE
(m1s) URINE EXCRETED

SAMPLE (mg)
(mg)

I---

~ 13.5 1 0.00 0.00 0.00

~ 11.0 2 0.470 10.34 10.34

D 31.8 5 0.370 58.83 67017

D 21.5 10 0.490 105.35 174.52

~ 9.0 10 0.280 25.20 199.72
t 4.8 10 0.250 12.00 211.72

• 1.6 I 217.1610 0.340 5.44

J
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LE 14: DATA FOR 1ST DETERMINATION OF URINARY EXCRETION FOR BRAND D
• I

CUMULATIVE
AMOUNT

OF
SALICYLATE

EXCRETED
(mg)

VOL OF DILUTION
n) URINE FACTOR

COLLECTED
(m1s)

0 22.0 . t 0,,0:90 1.10 1~10

0 37.2 2 0.470 35.00 36.10

23.5 5 0 .•600 70. o _ 106.60

15.3 10 0.585 89.51 196.11

10.0 5 0.375 18.75 214086

4.0 5 0.590 11080 226.66

3.0 5 0.315 4.73 231.39

ABSORBA~CE
AT 540nm

AMOUNT OF
SALICYLATE

IN THE
URINE

SAMPLE
(mg)

IE 15: DATA FOR 2ND DETERMINATION OF URINARY EXCRETION FOR BRAND D

CUMULATIVE
AMOUNT OF

SALICYLATE
EXCRETED

(mg)

ABSORBANCE AMOUNT OF
AT 540nm SALICYLATE

;IN THE
URINE
SAMPLE

(mg)

lOL OF DILUTION
URINE FACTOR

COLLECTED
(m1s)

16.0 1 0.055 0 •.88 0.88

17.0 5 0.385 32.79 330'-97

25.3 5 0.580 72.37 107.04

14.7 10 0.620 91.14 198.18

10.2 10 0.195 19.89 218.07

6.4 10 0.155 9.92 227.99

2.5 10 0.160 4.00 231.99
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ABLE 16: AREA UNDER THE CURVE OF CUMULATIVE AMOUNT SALICYLATE
EXCRETED VERSUES TD1E FOR THE INITIAL 210 MINUTES

AREA UNDER THE CURVE. UNI TS mg.~lin

BRA D A B C
D

lst Determination 24330 27435 22800 26550
~d Determination 19200 27570 23700 26370
~an 1st/2nd 21765 27503 23250 26460
~termination

79.14 100~00 84.54 ·96.21 -% Relative ..1', . . 'f.. ,

~oavai1abi1ity1---

~BLE 17:.A SUMMARY OF VARIOUS PARAMETERS THAT RELATES TO THE
4 BRANDS OF TABLETS

RAND

231.69

%LABEL
CLAIM

IN-VITRO DISSOLUTION
CUMULATIVE AMOUNT

DISSOLVED AFTER
120MINUTES
(mg)

MEAN
DISINTE-
GRATION

TIME
(SECOND$

CUMULATIVE
Al-lOUNT

EXCRETED
AFTER 210
l-lINUTES
(mg)

AREA
UNDER THE
CURVE
EXCRETION

VERSUS
TIME

(mg.Min)

96.21 62.5 201.63 206.52
27503

23250
94.79 22.0
95.68 234.04 214.2812.0
94.74 13 •.5 274.69

21765

26460



DISCUSSION AND'CONCLUSION

The chemical ~ssay of the ~spirin tablets shows that all
be brands contained amounts of aspirin per tablet which are

official (B.P) requirements, i.e. 95-105% of the stated
ounton the label (Table 1) 0 The order of % label claim was·

94.79,94.74 for brand A,C,B and D respectivelyo

Generic equivalents are of esSense supposed to contain
amount of the same therapeutically active ingredients in the
dosage forms and must meet official requirements 0 The

hemical assay of the tablets established th?t the brands contained
omparable amounts of acetylsalicylic acid and this formed an important
ep~rture as any difference in bioavailability could not be explained
y vRriation in tablets'aspirin content.

The disintegration time rank order ran as: 12.0 sec, l3.5secs,
2.0 sees and 62.5 secs for brand e,D,B end A, respectively. Thus
rand C showed the fastest rate of disintegration while brand A.
ad the slowest rate. Disintegration time~ are measure~ for a
ber of reasons. Thus for control purposes, disintegration time
ce measured can ensure that ~ given pharmaceutical product is

uniform from lot to lot. Evaluation of disintegration
of value in developmental aspects in 9uiding the

armaceutical formulator in the preparation-of optimum dosage
rms of drugs for clinical trials. Thirdly but not least absorption

integr8tion times may be of predictive value in estim?ting
•te(s) of absorption tn-vivo nnd availAbility of drug for

m~n,provided a corrc¢ation of In-vitro and In-vivo results,
be established as is the case where disintegration proc.ess

the rate-limiting step in the absorption of the

T~bles 4,5,6 And 7 shows that then~is a sig6ificant variation
dissolution rates among the br8nds. These vrriations are well
ifested in fig 2 in which cumulative amount of ?cetylsalicylic
d released by each of the brand is plotted against time. Brpnd

An exceptionally high rate of dissolution compared to the-
3 br?nds. The release order was: 295.79mg,274.67mg,234.04mg

201.63mg for brand B,D,C and A, respectively.
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A comparison of this order with that obtained on % label
claim i.e. A,C,B and D with 96021%,95.68% , 94.79% and 94.74%
respectively, shows that the brand with most Acetylsalicylic
acid per tablet did not necessarily correspond to the one
having the highest dissolution rate. An explanation for this
could be that all the 4 brands contained almost same amount
of aspirin per tablet 8nd the small differences in amount
were statistically insignificant. The dissolution rate order
does not correlate with that of disintegration time i.e.
D,D,R and A with times 12.0 secs,13.5secs, 2200secs respectively.
~is is not unexpected as there is no unequivocal relationship
between the two processeso A number of variables that affect
both disintegration and dissolution of compressed tablets include,
type and concentration of disintegrant, type and concentration
of lubricant, compres~ion force, particle size, amount and
type of binder, crystal form, method of incorporating the various
additives and processing of the final formulation. Rapid

I

disintegration does not necessarily imply rapid dissolution
because use of large amounts of disintegrant may cause
disintegration while release of drug from the aggregates of
gra~ules resulting from disintegration may be slow due to strong
intragranular forces or presence of a film of ~ydrophobic binder
around the granules.

The urinary excretion data is presented in tables 8-16.
3 and 4 shows how cumulative amount of acetylsalicylic

acid excreted varies with time. From the figures, all the
brands appear to share a common profile and distinction among
the brands was arrived at after considering the area under
the curve of rate excretion for each of the brand. Table
16 shows the areas under the curve were: 27503, 26460,23250
nd 21765-mg min for brand B,D,C and A respectively. Thus the

order of bioavailability was B,D,C and A with 100.00%, 96.21%,
84.54% and 79.14% bioavailability respectivelyo This order
correlates with that of dissolution rate i~e. B,D,C and A.
However, it does not correlate with th~t obtained for %
label claim i.e. A,C,B and probably for same reasons considered
under In-Vitro dissolution.



37

It has been shown that aspirin absorption in dissolution
~e controlled and thus the correlation obtained dissolution
ateand Ln-i vLvo bioavailability can be expected (Levy G,196l).
e correlation may appear simple in some instances but at

bes it is necessary to analyse both the In-Vitro and in-vivo
~a statistically and select parameters for date ~orrelation.
e advantage with such treatment is that a quantitative

hwre of correlation can be obtained.

The detection of correlation between dissolution rates of
ariousbrands showing different dissolution rates with the
~tivo availability shows that dissolution process is the
ate-1imiting step .in-Vivo0 Lack of correlation may mean
rlthe in-Vitro dissolution method is ~ncorrect or that the

~vitro differences obtained are not significant enough to
e detected in In-vOlvo analysis.

In conclusion it can be said that prand B was more superior
~e other 3 brands since it had the highest bioavailability.

eproaect has illustrated that dissolution rate unlike
~~egration time can be a good predictor of bioavailability
potential and existing drug products. The use of

aesthetised animal compromised the length of time over
ich urine was collected. This was a major drawback as not
1 the drug administered could be re¢laimed from the urine.
ne-the-less the animal model provided an appropriate alternati ve
~man-beings who indeed proved ha~d to present themselves
ro1unteers for the exercisee

I
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