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Drug biolcric”l ~v2il-bhility hns been brondly
reviawed ~nad ~n ¢ teart e to link dissolution of
80lid dos~ge foros with hio~veil~hility, A brief
review of soiid dis~arsion technioue nnd its
epplicotion in the reaslution of pressing vhrrmrceutical

problems husg w.zn pres.nt. d,

Nitrofurntoin, <“n “ntib-cterisl drug for urinnry
troet infuction “nd <8 resenrch drues m terinl hns baen
reviewed, In-viitre studies were done to find ¢
suitoble corricr for th. drug, "nd the ¢ffect on
dissolution prop.rtics of th- drug, of solid dispersion
technique hes Teon studied, OCrrriers investigrtad were
l~ctose, m~mmitel, TEC 0000, VT 44,000, “nd succinic
~¢id, D0 €000, cnd rrenitel woere used in prephring
10% w/w druc.c rii.r fosions which were tested in-vitro
using dissclotion r -t tusts, The 10¥ drug - PEG 6000
fusion exhini:d suzcrior dicsgolution 7"nd =8 such
PEC 6000 w's 8:lcetid foer furt ur studiss, In the
study thot fellow:d, 5, 10, =0, 3C, 40, -nd 50¥ drug =
PFG 6000 fusic s wure vron~red “nd comn r-tive study
w28 made of disscluticen clisr-cturistics, From this
study it ws deduced th-t the 3¢ drug - ¢ rrier fusicn
wn8 optimum fcrr €02t formul-tion,

Formul tiorn studiogs invelvirng the formulotion 2nd
producticn of wehlot “armuls O (70 drug in /vicel) s

physict:l miz’vres forwuls = {70 drug in PEG 6000)
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as a pnysicu’ riztures &nd formala C (30Y drug in

PEC 600C) a5 & golid disversion were carried out, The
tablets were subjecied to official guality control

tests and veres found satisfactory. They were later
three-week »eriod., Three human volurteers, using =2
cross~-over decgipgn, took part in the study, Flasma level

determinations were used for estimativr bioavailability

of the drug in the different form:lations,

-

disscluticr “e» ive drug-carrier solid dispersion as
compered o * e nuysicol mixtures of the same carrier and
of Avicel 7! 101 witn the drug, Thysicel mixture of

Avicel with the drug exhibited gli~rtly lower dissclution

(4¥) against the TP 6000 puysica . mixture with the drug,

Zn=vivo abeorption studies indlcoted that drug -
PEG 6000 so0lid dispersion's extent f #bsorption il i len
as 100% the drug-:vicel nixture's arcunt shaorhed was
19% lower, while the drug-!"" 7700 physical mixture wes
%1.%% lower., 7The three formulations were not
biocequivalent tecaure they were ahsorbed to different
extents even tiough tne tire token to i1ttain peak blood
levels wes ore 'onr in 211 three formuiations, For the
three forn ' tic & absorrntion r-tes were grossly different,
For the =0l id <isnersior. the rote was 50 higher ithan
the drug-'vieal nhvgicc]l mixture, 277 h"irher than the

drug-Frc 00 Lliorsicnl mixture v the first 720 minutes,
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In the sccord 3C minutes the: r-te for the solid
disnersion cunvvrvred to the drug - ~vicel physicnl
mixture h-d i1'vr to 5%, “nd remcined 2t 33¥ for the

drug - F&G 6050 poysicrl mixture,

By the end of o second hour the ~bsorption
rote diff.rorces oy rrowed co zidir-bHly to - mere 1%
in the drug - ‘ricel phvsictl mixturc though remaining
r8 high 28 21" "wtween thesolid disversion of drug -
PEG 6000 nnd ite prnrsiec~1 mixture, No further blood
levels were ohscers.d in 211 ‘hroe formul~tions in 211

three voluntezrs 7t the ond of four hours,

There apmenrcd to be no dircct correl~tion
between in.viiroe disszclution r-tes ~nd in-vivo
sbsorption Tor Yo drugewicel rixture cnd the drug -
PEG 6000 mixiiae, “ui the sipnific rtly higher in-vitro
dissolution r=tc o, th: solid disrpersion comprred to
the mixtures cerrel’ € d wiih in-vivo nbeorption of thase

formulntions,

Results of tliig study -8 irdic2ted the possibility
of reducing itn. ountity o¥ drug subst nce required in
~ny given form’ -tion following th: so0lid dispersion of
the drug in 2 suit~%l: c rri:r, to piwn:- the same
desired phormcologic ~ff-ct in most prtients thereby

minimizing the Loxicitv of the drug,
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Part Cne: General Literature Review

CHARPTTR ONE

INTRODUCTION

Chapters one and two are devoted to a review of
the literature in respect of the general and hasic
rrinciples involved in the project,
Bicavailability, formulation and dosage form -
related factors influencing bioavailability dissolution
rate, and the solid dispersion technique have been
considered. . review of the therapeutic significar.ce,
and basic pharmacokinetics of nitrofurantoin were @lso
done, This general literature review has also considered
the work done on the drug by previous resermrch workers,
The more specific literature reviews have been vresented
in the appropriate chapters. The ¢bjective and scope
of the project have been presented at the end of the

general review of the literature,

1.1 DRUG BICVAILARILITY

4 dosage form is designed to have the ability to
deliver its active constituent to its site of action in
an amount sufficient te elicit the desired vharmacologic
response. JThis property of a dosage form is referred
to as phyciologic availability, bioavailability or

hiolosic availability.

Ricavailability has heen defined as the rate and
extent of absorption of a drug from its deosege form

into the systemic ecirculation (Blanchard and Sawchuk,



——— -

The vencus ~ond 2rit .rinl bleed is considered os systenic
circulsticn during the absorptive phnse fellowing ornl
cdministrotion, The blced in the peort=l vein is

excluded {Ritachel, 1976b).

seceording to this definition, while the
nbscerpticn of " introvencusly administered drug 1s
ropid and complete, the rote »nd extent of sbsorption
in 2n individunl from toblets or copsules ~re usuzlly
not precisely dmcwn, However, feor reasgcns of
eonvenience, strbility 2nd other factors, tabiets
and c¢apsules would continue to be used for n
administering Jdrugs orzlly.

Pharmacckinetics concepts in bionvoilebility
of_drug products

The mcgt re~dily availtble site £ measuring the
level of druzs in the bedy is the bleed or plosma,
It is alse the mest logic~l site, since it is the _
bleced that picks up ~ drug frcm the site of abscrption,
dlstyplbutes it L the tissues *nd then delivers it to
the crgons cf eliainnticn . Usunlly, = peripheral
veln is used 25 the anmpling site, The crncentrotion
of 2 drug in ibre bleod -t the scmpling site is » net
result ¢f the phyeiologieal processes thot govern drug
abscerpticn, distribtution, metabelism and excretlon
(Teze:r, 19700,

It is pissihle teo determine the concentretion

of & drug in 7 selected body fluid over 2 peried of



time follcwirz ~dministration of its preperaticn,
thereby obthining on indicaticen of the extent and
rrte of ~bscrpticn of the drug from the preparntion
being assayed, Measurements such as these ferm the
bnsis frr e rryirg cut copmmrative bic~voilrbility
eéstimnticns of alternative formulrticns of 2 drug.
Theugh the bedy fluid freauently uscd feor these
measurement is bloed, other fluids like urine ~nd
821liva mcy be usced (The Phormnceuticnl Cedex, 1979:
Ritschel, 1970b; Tczer, 1979).

Fcr estimoticns bosed cn blcod sampling, the
most cemmenly used methed invelves the censtruction of

plasm” concenlrotion - time curves,

Plosma concentrcotion - Time curvas

Serinl scmples cf plesme ~re withdrown frem the
subject ~nd cx~mined fcr drug content -t specified
periods following odministroti-n of the preparaticn,
If the drug ccncentrotirns "re plotted sgrinst time,

2 curve (firfure 1.1) is cbtaincAd which usunlly shews =
fairly steep rise te 2 peck crncentration fellowed by
o 8low reducticn in cencentrntion cver o lenger pericd

of time.

The sh2pe of the curve deprends on ¢ number of
focters., Eliminnti-n cf the drug begins ~s scon 28 it
appears in the bleed, Absorntion, distributicon,
metabelism and exerctirn ~re 211 caprble of mecdifying

the shape cf the curve,
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Fig- 1.1 A typical plasma concentration - time curve



There are three importent poromcters which can
be derived frcm the plasme crn!antrrtirn = time curve,
These “re¢ the punk ccncentr~ti-n, C; the time of pezk

ctncentrotion, T; 2nd the 2re2 under the curve, AUC,

Peak ¢ neontroticn reproesents the highest
cencentrotion ¢f the Arug m~chieved in the bleed, It
is 2attecined when the rote of appesronce ¢f ths drug
in the blcod nc lenger exceeds its rote of removel by
distributicn, metaboelism ond excreticn (Ritschel,
1976b).

Time cf petk concentraticon is relnted tc the
rate cf absorpticn an? con be used in determining the

rite of absorpticn cf the drug being ass2yed,

Ar2a under the curve is related te the tetal
smount of drug nbscrbed from 2n ndministered dcese,
It is cne 2pprc-ch in the determination cof extent of
abscrption, The cther 2ppronch is by determinction
cf the tot?l "miunt of unch nged drug excreted in
urine, The v:lucs obt~ined from these p2rometers m2y
er mcy not be rel-ted tc the therapoutic retivity,
2nd if there is = rel~tiinship, it may nct be line2r,
Nevertheless, 2 plosme concentrotion - time curve con
be used 28 »"sis fcr compring 2lternttive fermulaticns

(Ritschel, 1976b), a.



.2 FORMULLUICH “ND DOSAGE FORM RELATED

—— . b

Varinticn in bio~vnilebility mcy be duc te

paticnt reloatid, or discge form related focters,

L review ¢f the best kncwn partient relnted focters

has been moce by Moyerschn, (1979). In thé review,

the rele of GI fluids, gastric emptying, intestinal
transit, blcead flow, GI “rug metzbelism, drug-food

and drug-drug interacticons, disense stotes nnd
physiclcgic discrders, cge, first-pass metebrlism, 2s
well 18 frctors influenecing ricse-cdependent cveil-bility

wer= Aiseusscd,

o

Dag2ge Tfoerm related focters which con preduce
or-found Aiffcronces in bicrvoilebility include
fermulaticon an! monufacturing vorinables such 28
prrticle size; the chemienl form 2nd sclubility of the
drugs the ty»: “nd quintity of excipients used; the
compnetion pressure ond cther frocteors (Blanchord and

Sawehuk, 1979,

Desage f.rm oreperties ¢ften ~ccount fer scme
modificaticons in the phormac-leeicrl rctivity cf
ther2peutic =2g<nts bty ~ltering their intrinsic
sbsorpticn p ttern. The schem~tic dizgrom in figure
1.2 shews dArug concentrotion in the blccd °s &
functicn of time ~fter cral administroticn of » fixed
amrunt of drug in three different desnge ferms
designted I, IT nnd III, The preperties cf the

Acs~ge forr in this hypoethstic~l exnmple nrecduce =



Blood level

Fig-1.2 Blood level -time curves showing possible
effects of dosage form on blood levels after
oral administration of equal amounts of
active agent

(From Peole, J.W., (1979) Chapter three of
Principles and Perspectives in Drug Bieavailability

edited by Blanchard, J,, Sawchuk, R.,J.y and Bredie,
S. Karger, Boehm, AG 4011 Basle, P 62)

B.B,



chrnge in tho cvers1l 2bhscrption rote which is
reflected in the bler? level - time curves shewn,
Activity occurs when the blood concentrnticn recches
the 'erfective’ drug level (figure 1,3) the cnset of
phrrmrcelegic cetion 18 significantly etrlier with
formulnticon I thon with fermul-tirn IT, ond is nover

~ttrine? with fermal-tiq-n TI1I1,

The: durntirm of the effect is cften reRlected
by the length ¢f time that the bleed level of drug is
eoull te or higher than the minimum effective level,
Again it can be seen from the exomple in figure 1.2
thnt the duraticn of effect obtoined frem fermulotion I
is significantly lenger than thot c¢btnined safter eoual
dcse of fermul-tivn II., PFrom this genercl nnd over-
gimplified exanmple, it can be seen readily that
desnpge form factors can have 2 significnnt effect on
the cnset, durttion "nd intensity of phrmeecleogic

cetion of o norticulsar occtiw crmprnent.

Figure 1.2 alsc illustrates the effect of
fermulotion on overnll biclegicnl nveilnbility, This
availebility is frequently expressed as o rotic ¢f the
amcunt of test formulnticn ~bscrbed tc the smount o~f
stondard formulaticn absorbed.

nres unler curve or cumul-tive =z2mount
excreted for test frrmul~ticn

Bicavailability =
~“ret under curve Or cumul-tive
cmount excreted for stondorad
fermulrticn.
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Fig13 Relationship of blood level-time curve and
pharmacologic effect

(From Poole, J,W., (1979) Chapter three of
Principles #nd perspectives in Drug Bioavailability
edited by Rlenchard, J., Sawchuk, R.J., and

Brodie, B,B;S, Karger, Boehm, AG L4011 Basle, p 62)
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A prep-r:ticn th~t exhibits 100¥ nv2il-bility
m?y be compare?! with the test solid desnge ferm,
The r~tiv obt ined for the are~s under the twe blood
level=-time curves indicntos the 2veilability cof the
drug frem 2 doscge ferm. In the ex"mole, the ~reas
under the curves for formul~tirns I ~n? I1 ~re
essentitlly L‘he s*me¢, This means thot 21theueh the
adrug is more ropidly 2bscrbed when ?dminiatereé"na
fermulaticn I, the tctnl 2bsorbed when ~dministered
from both furms is cpprcximz:tely the saome, However
for fermulnticn III, the cren is significontly less
(2bcut 50%) thon thot of the cther twe, If in the
cz2se of the: first twe fecrmul-oticns the drug were
completely ~bscrbed, the bicavnilrbility ¢f the drug
when ~dministercd 28 the drsoge form cdesignnted ITI

is only -bcut 500,

The voricus fermul~ticn ~nd dcs~pe f~rm relnted
frctrrs which " ve becn extensively cdiscussed by
Ponrle, (1979), Ritschel, (1976b), Wade (1976) =nd
mrny writers in this ficld inclu”e: pcrticle size,
cryst2l form, sclvate, salt, ccmplex, pH ~né
sclubility ch rrcteristics, Other foct'rs ~re

excipients and 2djuvents ~s well ns mnufrcturing methcls,

Pcole, (1979) in his discussicn shcwed thot
biorveilnbilitv c¢f some drugs h-ve been impreved by

p-rticle siz¢ relucticn, 2ond hew particle size
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reduction in rucent yenrs has been 2ccomplished in
severcl inst-nc.s by the prepar-tion of micrecrvstalline
moleculrr Qispersicns ¢f p-orly soluble drugs in

srlid mmirices of vwoter-scluble corriers,

Varicus 21apt-tiins of the technique eof sclic

dispersirn '8 becn put forward by different research

workers,

Fincher, (1968) publishel 2 review article on
the effect cf p'rticle size on drug abs-rpticn nnd
activityv.

The cryst2l form in which 2 cdrug is presented to
the patient is on importont freter influencing the
bicovailability of ‘rugs. Th: erystnl fcrm of 2 drug
substance m2y chonge becruse the substonce exhibits
p~lym-rphism, F(lymerphism hts been renarted tco be
relrtively commun, being exhibited by ~t 1-nst
cne=third cf 211 corgenic compounds, port frem the
pelymerphic foerms in which substonces moy exist,
thzy con ~lsc cccur in nin-crystalline cf amerphcus
ferms, The vnergy required for o mclecule cf Arug
te escope frem the crystzl in which it is lceoted is
very much gre”ter thon thot regquired tc escope from
an 2m rprus prwler, Therefeore, the ~mcrphcus form
of 2 compecund is 2lwnys more s luble than A
cerresponiding crystel form ~nd may exhibit
corresp-ndingly different theropeutic preperties

(Fecle, 1979). Examples of Arugs in which this has
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been ~bscerved Egmvitrn are novebicein ~nd

chler2mphenic. 1,

The nrepurty of many ~rgonic medicinnl comp unds
te form solvent 22diticn compeunds ¢r s lvates may
plss nffect their bicavrilnbility., When wnter is the
stlvent csscecinted with the drug mcicty, the sclveote

fecrm 1s cnlled 2 hydrate,

The s/ lubility ~nd rate <f sclutirn eof » s~rlv-te
m2y significontly differ frem thot of the nen-selvated
form «f the Irug., Drugs for which Slgnificont
differcnces in disscluticon rotes hhve been cbserved
include cnffeine, thecphylline nnd glutethimide, In
ecch of theese the ~nhydrcus form dissclved mere
rapidly, But f:r fludroccrtiscne acetate and
succinylsulfothinzcle, the sclvoted forms dissclved
mere ropidly, th n the nonesclvoted forms (Shefter

and Higuchi, 1963),

Differences in bicavrilnbility between “nhydrcus
and hy'rated form ¢f the ~mphoteric cempeunds,
penicilline =n? ~2mpicillin hns been repcrted by Poole

and Bannl, (19682),

Complex formation is o mech~nism th~t c¢”n influence
the bicphnrmtceuticnl properties of = dArug, Drugs may
internct roversibly tc form cemplexes with subst~nces
cccuring in the body, with other drug cr with
vharmocolegicnlly innctive cocmponents ¢f the

pharmaceuticn] dqs~ge fcrm, Such o drug complex may
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differ in ites physicc-chemic~l preperties, fror the
mure drug, Cor instonce its cbility tc permente
biclezic2l mcubrones mny become 2ltered, Such
cuomplexes are thus phormncclegictlly innctive since
Aissecintion pricr te drug 2bs-rpticn usuMly frils

tc cececur (Pecule, 1979). The effect of cemplexction

on drug 2bsorptiin depends cn the mognitude of the
stability c~nst nt of the ccmplex, Freouently there
may be little or nc cffect cn the r~te c¢f rbsorption
ond ¢n the c<verall bionvailability, hewever scme Arugs
which ¢re intrinsically poecrly abscrbed c¢on be
ccnverted tc non-2bsurboble cemplexes under certoin
circumstinces zn! their bica2voailnbility is further
decre~sed, Comrlix frrmaticn ~cecrding tc Pocle
(1979) czn he used in fermulation of dosnge forms in
or’er to increcse sclubility or stobility of Arug
substinces or drug prcducts, The drug complex in such
systems is Ailuted in the biologicrl fluids 2fter
~dministraticn which results in the dissoci~ticn of
the complex with little or nc effect on the overnll

abscrpticon pronwertics of the 2ctive ccmpeound,

The ccmponcints in » dos~ge form other than the
2ctive drug sukst~nce mry influcence the nbscrption
and subseouently the performance of 2 drug preduct,
These 2dditives or excipients mry either forcilitte
er inhibit th: ~bscrptive process, The import-nce of
exciplents in the determin~tion of the finnl drug

effect was cletriy demcnstroted by ain cutbretk of
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phenytoin toxicity in Austr2lin. The toxicity occured when
patients previously maintained on a stable dose of
tDilantin' capsules in which calcium sulphnte hrd been
used os inert excipient, were given capsules (containing
seme guantity of active compound) but with the calcium
sulphaote substituted for with lrctose ns 'inert'! excipient.
Presumably <ii: inorganic ion hed complexed with phenytoin

reducing the absorption (Wace, 1976),

The role of surface cetive £gents 1s more complex
and not always easy to predict, These subsl nces are
frequently used to increase solubility or ~ct os
emulsificants, but they may either increcsce or decreese
absorntion depending on the agent, the quuntity, thé route
of administration, the drug in question, ond the nature
of the formulation, It wns reported thnt tlhesc surface
active rgents may change the absorptive surfnce iteself
in the small intestine, and that in other cnses, the
agents promote micelle formetion, thus en~bling lipid
soluble substances tTo disperse in an aqueous medium

(Wwade, 1976),

The factors associated with formulntion and
processing which may affect dispersion, rote of dissolution
and subsequently the bioaveilability of drugs vary
according to the type of preparation. Bee~use toblets
are compressed, guilck dispersion nnd dissolution of the
drug are more difficult to nchieve,

It is generally =zccepted that efficient
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Aisintegratirn is n impertont requirement for o

tablet but it does not necessarily ensuvre good
dispersicn “nd Jdisscluticn of the drug becruse the size
and nature of the particl.s which ~re nreoduced are

~1lse centrelling fretors, The most impertont foctor

is th& rate of dissclution of the drug from the
Aisintesr-ting p-rticles (The Pharmnceuticnl Cedex,
1979). Disscluticn rote mry itself be ~ffected by the
granulnticn, or cther mixing procedures; the degres of
compressicn and the presasnce of fillers, binders, or

surfrce celive agents.,

1.3 RELATIONSNIF BETWEEN BIOAVAILARILITY AND
DISSOLITIOR KTE

A doscge form must provide 2 stable envirenment
during stor-ge, so must it deliver the active
ingredisnt in 2 form zveilsoble for ahserptien upon
ndministrotion, In 28 much o8 cral sclid Aes~pe forms
must rdissolve Lofore abscrpticn c¢an occuri dissclution
testing provides the menns of evalunting this
abscrption phenomencn, The results of dissclution
testing 2re usceful in voriocus ways depending upon the
purpese for which the test whs perfermed.

i) In resu-roh ond develepment, fissclutisn testing
is perform:d for nssessing frctors governing the
releage cf the cctiwe ingredient, and mere
specific~1ly fer zvaluctimg the influsnce of
excipicrnts «r cther processing varinbles on

disscluticn rnte and heunce cn drug bircvrilobility.



11) Duriay the ¢mrly stoges of proluct Acsimm
diss. luticn rote tists dene in ccnjunizfnn with
in-viv:, 2bscroticn studies c2n inlic~te the
extent 1t wiiich the relense ch-racturistics of
the dos2ge ferm weuld influence blee? levels
cf the drug.

iii) Where evidonce frr diss~luticnercte limited
abs:rrtisn exists, monitering chonges in the
fermul-ticn, (e.g prticle size or s2lt frorm)
by menns of Aisscluticn r-te test provides =

roticnnl besis for ortimizing o formul-ticon,

s provicusly menticned, the mrst widely used
Acs~ge form owing to convenience ~nd ec nemic facters
invelved in meonuficturing, is the compresscd toblet,
Hewever, t~blet firmulaticns 2lsc nese scme of the
mcst difficult phormrceuticrl prcblems which mny
Influence the bicovailability of the cctive ingr:dient,
One of the majer rrcblems enc untered with t~blets is
the decre~sed effective surf-rce 2rea of the nctiwve
ingredi=nts 28 © result of gronulnti-n an? compressicn
cf the Arug norticles. Unless n ccmpnct teblet
rancdily disintegrtes ~n? dexprgrepntes when it comes
in ccntact with the bedy fluids, the bicovnilability
of drugs frem such esnge forms usunlly becoems reluced,
Figure 1,4 is = sgchemntic dizgrom shrwing the sters
invclved in the Jisintegrotion, dedpgregttion nnd

Aisscluticn c¢f comrressed toblets or prwders in copsuloes,
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Tablet or Granules : :
Sapsule Disintegration Agg?ggates Deaggregation Fineparticles
Vssoi; Dissoluti .
Uf% issolution "(360“
\HN\“\\Ek ‘(////€$g50
Drug in solution
Absorption
¥
Drug in blood,
fluids, and tissues.
Fig14 Schematic representation of disintegration,
deaggregation and dissolution of a drug
from solid dosage forms

(

(From Poole, JeWay

Principles and Perspec

edited by Blanchard,
s, Karger, Beehm,

AG

r Three of
vailability
and Bredie,

1979) Chapte
tives in Drug Biea
Jey Sawchuk, RaJey
4011 Basle, P 76)
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A tablet nay first.disinteérate into granules,
which are then reduced to fine particles and
eventually after dissolution, to drug in solution,
However, dissolution occurs at all levels, from
the intact dosage form, the granules and from

the particles. Jince the surface area of the drug
in the intact tablet is limited, the rate of
dissolution from the intact compact is

negligible except for very soluble drug (Poole, 18979).

In certain instances, dissolution rate or the‘
time taken for the drug to dissolve in the fluids
at the absorption sites becomes the rate limiting
step in the absorption process. Whenever thia
occurs, anything which affects it will alazo
affect absorption, Under these conditions,
dissolution rate can affect the cnset, intensity
and duration of response by controclling the
overall bioavailability of the drug from the

dosage form,

Noyes and Whitney (1897) propounded &
scientific law describing the dissolution of &
substance in & non-reacting solvent. The law mey

be represented by the equation:



Yhere,

_;_% = K,5, (CS- C‘t)

le/dt, is the disscluticn roteg

5, is the surfrce ~“rea cf the dissrlving
sclids

K, 18 the dissclutirn r-te c-nst~nt which
inccrrors tes focters such 28 agitoting
intensity, 2nd the Aiffusi-n cczfficient of
the lissclving subst nce; Ct, is the
cenecentroticn of the drug in the dissoluti n
melium ~t scme finite time, tg

Cs is th. concuentrration of the drug in the
diffusicon lover surr-unding the sclid
mrtericl, Since the iffusicn layer is n
thin film s~tur-ted with drug, Cq is
esscnti~lly eaquiv-lent to- the crncentraticn
¢f = s~turcted scluticn cf the Arug in the
sclvint,

The rrte of disscluticn is governed by the rrte
cf 2iffusicn of sclute molicules throupgh the diffusion
l~yer intc the bedly of scluticn, On the brsie of this
law, the diss lutiin r~te of 2 drug m~y be me ifi:d
by m2ninulating the rel-ted frcters, Fer instonce,
since diss-1uticn r-te is Z2irectly prcperticntl to
surfce 2“re2, 7 reducticn in porticle size wrulad
result in incruenscd surfnce “ref2 "nd conseouently
in more r=nid lisscluticon,

In instnces when the intrinsic dissclutirn rote is
sc lcw thet » drug is ncot compictcly 2bscrbed, mere
ranid disscluticn con be attnined by incre-sing the
specific surf-ce ~rec availoble tc the rnstric fluids,
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This his ircquently producsd insreases in both rutc
and totzl tmount of drug absorted, i.e greater
bioavailebility.
I.4 SOLID DISHERSIONS

Dissolution h.s been reported to be the 17 te
limiting ste» in the gastrointescuinal
absorption ¢Z some drugs from solid dosage forms,
with the rel:tionship between solution rate and
absorption boeing perticularly remcrkable for drugs
with poor w:t:r solubility (Fincher, 1968; Chiou
and Riegelinn 1971a).
Numerous ntt.npts haeve been made to modify the
dissolution chorzcteristics of some drugs to
ensure more r:ipid 2nd more complete absorption
(Chiou oré Riegelmen, 1971b, Goldberg et 21, 1965).

It has been demonstrated thit dissolution rate
is 2 function of the surfice zrva expesced to the
dissolution medium, Thzt & drug would dissolve
more ropidly when its specific porticle size is
decrezsed h's been long establised (Goldberg et al,
19€5a), One of the first observations of this
phenomenon was mhde with work on sulfadizzine, in
which blaod lev.l determinztions showed that the
drug in susyension contzining particles 1 to 3um
in size w.s 2bsorbid more rupidly ind more
efficiently thon from a suspension containing
particles 7 times 1l rger.
Maximum tlood levels were zbout 40% higher and

occurred 2 rours enrlier,
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Incre=sed bhivnvnilability fellowing poarticle size
reduction hos bzen cbserved with priseofulvin., The
extent cof ~bg-rpticn ef =°n crrl Acse ircreose? two
on? hnlf times, when the surfrce “re” v s incre-se?
aprrexinntely six-feld, Miercnized grissfulvin
permitted 2 5O Jdecresse in Jesage, where °g o
sctisfrctury clinical resp-nse w-s ~ttoined (Rovin,
1980), Scme ¢f the mere coemmonly ~pplied metheds of

porticle size reducticn “re:-

(2) conventicnsl triturrtion ond grinding

(b) fluid encrgy micreniz-ticn

(¢) conirclled preciritoticn by ch nge of
sclvents or temperature, rpprlicnticn of
ultr-somic wuves and sproy-Arying

(4) b1l milling

(¢) zadministrrticn of liquid sclutien frim which
upcn dilutien with gostric fluids, the
dissclved drug mty precirvitrte in very fine
perticles,

(f) ~dministr~ticn of woter scluble s~1ts of the
noorly scluble ccmmounds from which the
norent neutrel ferms moy precipiteote in

vltr. fine fcrm in GI fluids,

Altheough the ro'uction of porticle size con be easily
and directly nccemplished by metheds () < (4), the
result nt fine porticles moy not produce the expectad
frster rate of Cisscluti-n and nbs~rpticn, This

nrimmrilv results frem the pessible ~grregeoticn and
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agglomer2ti:n of the fine porticles cue to their
increnscd surf-co encrgy 2n” censzauently strenper
vander Wa2ls citrncticn between the nen-pelor melecules,
This =2n? the fret thot pure fine rowdlers cf prerly
sclublc 2rugs hoave poor wetttbility in woter (wettinz
of nowders is the first step for them tc dissolve

end scmetimes Qispoerse in fluids) are sericus
Alsndvontages, VWhile cn the cther hznd, drugs with
vlastic properties are difficult tc subdivide by
methods (2) - {¢) since they h~ve the tendency to
stick together cven if fine prwders c~n be nroduced

by cintrolled precipoticn (Chicu ~nd Riegelmen, 19712,

However ~ unicue technigue knrwn ns sclid
disrersicn first demcnstrated by Sekipuchi 2ne Obi in
1961 which “ces nct hove the ~bove Aisadventopres has
been the subject of much stuly in recent times by

vorirus reseirch workers,

The sclid disrersicn techniaue invelves the
fermtion ¢f 2 eutectic mixture (s-1lid £t reem
temper-ture) of 2 4drug on! = pharmocclegic~lly inert,
ran2ily scoluble ezrrier, To ~chieve this, the drug
and the eorricr arce melted and mixed ond the resulting
hcmozenecus liouil is ccdled until it sclicifies ~nd
then the sclil! mmss is finnlly powdered by some
simple communiticrn technique ond sieved,

Crystnls in o cutectic mixture z-re usu~lly quite sm2ll

end fine grainel cn? when placed in woter, the scluble
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carrier substince dissolves rapidly, and extremely
fine particlzs of the drug are released.

A study of so0lid solutions and eutectic
mixtures in solad dispersions by Goldberg et al,
(1965) revenled that encouraging results could be
cbtaincd from such studies, but they observed
thit the dissolution rotes were belew
theorcticcl expect:tions, This they attributed
tc¢ possitle solid stzte interactions resulting
in stronger crystol lattice, They clsd reported
significcn: dzgree of solid-solid solubility
rather thon the simple eutexiu e=rlicr proposed
znd th..t the increzscd disselutien rates
previously attributed te eutectic mixtures are
more properly cxplained by the existence of
solid solutions, They concluded that though
faetors such =5 thermul degradation, sublimation,
and polyamormhic trinsitions z2re limitztions to
the 2pplicttion of the technique, solid solutions
end perhc s sutectic mixtures provide a unique
appreaach for increzsing dissolutien rctes.

In three other eluborutely planned studics
Goldberg 2and co-workers in 1966 examined solid
solutions vis-g-vis eutectic mixtures employing
sepeérate binsry systems,

From & ure: - nceraminophen system they found out
that there was 2 simple eutectic mixture with
negligible [ormction of solid solution,
Dissolution rate stuaics showed that the

presence of urc: enhanced the
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dissclution rote of ccetamineophen by virtue cf 2
micrcenvircnmernt~l s-lubiliz~ticn, with 2 fused
mixture °t the eutectic comnesiticn givine similar,
but prelongel enbwneement ~f dissclution rates ~s
compmred te o piysic2lly mixed somrle. They reported
that their results indicatéd th-t »rrticle size
reduction cof “cetomin-phen by eutcetic fermmtion with
urea id nit incrense the disseclutien rote ¢f the 2rug,
They cbserve( thnt Jdecrensing particle size 50% by
gizving se¢lecticn yields 2 20¢% incrense in the
disscluticn of ~cetominerhen. With this study,
Gecldberg ct ;&,(1965) showel that the volue of
eutcctic formmticn 28 2 means cf enhancing ?isscluticn
rote tec be somewh”t questiconnble since 2n enhancement
of Adiss>lutitn roie by simrle eutectic ferm~ticn aloae

w2s not denonstroted,

» succinic “cidegrisecfulvin system wns foun! to
be 2 eutectic mixture showing considerable sclid
sclubility of griscofulvin in succinic acid, Froem
its study, Ccldberg ¢t 21, (1965) were ~ble tc establish
that when twe conpounds exhibit sclid stete
interncticns, they frequently dem-nstrrte inter~cticn
in 2guecus scluticns; on? that grisecfulvin and
succinic zci? lisplay = sclutirn rth~se inter2ction
monifested bv ~ line~r increrse in the sclubility of
grisecfulvin with incrensing ccncentraticn cf the

carrisr. DCvolu~ticn cof the disscluticn r~tes of



samprles indic tid th~t the s~1id scluticn used in
their exueri.ont dissclved 7 times fost-r thon the
pure mzterincl, nd that the rresence «f sclid
scluticn in eutezctic mixtures in pr porticns ~s hizh
s 60¥ more ronscricbly explins inerenss=d dissolution
rotes 28 comy'red to effects rroduced by reduction

in porticle siz¢, Thus this study demonstr-ted 2
method of :1hyvsic2]l modificntion which could prove
more imrort-nt thon micreniz-~tion in enhoncine the
~bgorpticn and thuerareutic «ffect of mony wnter

inscluble dru-s,

Goldberg ~nd co-workers, (1966¢) studied =
chlercmphenicel ures svstem, «~ 8clid solution of
chlor2mphenicel in urenr wns found to dissolve twice
28 repidly -8 = vhysical mixture of the s2me commositi.n
and z21lmost 4 tim.s cs rnridly ns the rure druep, In
this study ih.y rencrtod ebscrving thet the
chloramrhenicol-urv? eutectic dissclved somewhzot
faster than the mure drug of commoroble porticle size,
where Sekigucl'i 2nd his ceo=workers (1961) had previcusly
been un~hle te deiect cny differences in disscluticn
rrtes of the cutcctic mixture 2nd the rure drug,

The exverimentzl discreponcies hes been cl imzd

to be 2scribnble tec differences in methed of
Aetzrmining disscluticn r2tes, The methcd ~depted by
Sekiguchi ~nd co-werkers invelved © hipher depree

of tgitation.
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The use¢ of high sheer in in-vitro dissolution
investigrtions is capable ~f obviating differences
arising from wicroenvironmentzl factors which
would be significant in-vivo, Goldberg et al,
(1966¢) then suggested that three individual
(or possibly connected) fuctors are invelved in
the dissolution of chlorcmphenicol, The factors
suggested werei-

(1) 1loccl solubilization

(11) porticle size reduction

(1ii) presence of significant amount of the
ropidly soluble alpha solid solution.

They cleimed that results of dissclution studies
with the heta so0lid solutions indicated that
desplte the presence of significant amount of
urea in the sample the solutien rate was
appromimately cqual to that of the pure drug.
facy ascribed this to the mere pressnce ef a
material #s soluble as urea which in the crystal
would tend to increase the wetting of the
particle cnd in this manner alone increase
effective surface area, thereby increasing
dissolution rute. The inability to demonstrate
this effect may be a2ttributeble to the formation
of o crystzl lattice in which the chleramphenicol
is bound 2t least as tightly 2s in the pure
erystul,

- In & series of studies, Chiou and Riegelman,
(1968} mode thelr own contribution tn the application

nf solid digzpersions. They employed different grades
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of PEG, 2nd otk.r c~rri rs, They rereorted thot

there wos inercnsed disscluticen from sclid disrersions
cf erisecfulvin (ver rure druyr 2nd better disserlution
rote from wetted pure grisccofulvin thon frem
non=wetted pure drug. The result cof this werk
sugrested thot one of the ways in which w~ter scluble
carri=rs incrcose dissclution rates of pecrly woter
scluble drugs dispersed in them wes by incrersad
wettrbility, Tle supcrior disscluticn rote of the
disversions m~de by the melt methecd cover these by the

sclvent m:thod, wae ccontained in their rerort,

Chiru ~nl Ricgelm~n, (1971b) studizad the Aissoluticn
rates »f ¢ woter inscluble cordisc glyeceside,
(digitcxin) and steroids (17-methyltestosternne,
hydreccertiscne ncetate »nd prednisclone ocetote)
in sclid dis)crsi.ns using PEC 6000 as ecrrrier,

They ob8erved incrensed dissclution retes frem the
disrersicns, ncting that surer-s~turction of eceh
drug coul? be ~ttained when an excess ~mcunt of the
Arug wns used, he incre~sed Aissoluticn r~tes were
attributed tc m leculcr 2nd/or collrifdrl dispersicn
cf the Arugs in the motrix of PEG 6000,

Srlid 2isversicns may he defined ns the
Aisrersicn cf cne or mere active ingredient(s) in 2n
inert carricr or mrtrix =2t sclic state rrepared by

the melting, (fusircn) sclvent, or melting-solvent

metheds, This A.finiti-n indicntes that sclid



dispersions ire homogeneonus one phise solid
systems. Tie term ¥ coprecipitztes™ is frequently
us>d to r«fur to prepazrations obtainad by the
solvent method.

Methods of Freparction

Three mzthods currently used to prepure
solid diswversions cre:-

(i) melting method

(ii) solvent method
(1ii) m@elting-solvent method,

The melting or fusion method is a2 technique
for prepiring fist-rclezse solid dispersion for
dosage forms, Bisiczlly, in this method, a2
physiczl mixture of & drug and a2 water-soluble
cerriz>r is groduclly warmed in & suiteble oil bath
until it melts. The melted mixture is then cooled
and rapidly solidified under vigorous stirping,
The finzl s50lid mass is crushed and pulverised
prior to sizving. Goldberg et 21, (1966a -c) as
well as Chiou und Riegelmzn, (19639) employed this
method with some modificctions, To fzcilitate
faster cooling sand solidificition, the homogeneous
melt w2s poured in 2 thin layer upon ferrite
plate or steel plute and cooled by flowing 2ir or
water on the opposite side of the plate,

The cdvantoges of the fusion method include
simplicity 2nd economical, while the main
aisadvant.g:s is thot many substunces (drug or

carricer) m vy
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decompose or evaporate during tbe fusion nrocess at
high temperature, For oxample, succinic acid, a
carricr once uscd for dispersing griseofulvin
(Goldberg et al, 1966a) is quite volatile ond may
also partially decompose by dehydration nue r its
melting point. However, the evaporation problem enn
be avoided 1If the physical mixture is hentod in &
sealed contriner. Melting under v=cuum or o blanket
of an irer? gas such as nitrogen may be emplovyed to
prevent oxidation of the dvug or carrier,

The melting point of a binary system depends on
its composition. By proper control, the melting
proint of a binary system may be much lower thon the
melting points of its two components, Under such e
condition, this simple melting method can still be
used to prepare solid dispersions, even 1f ihe pure
drug may undergo decomposition a2t or nenr its
melting point. This principle was used to prepere
80lid dispersions of stercoids and = chdiuq

glycoside in PEG 6000 (Chiou &nd Riegelmon, 1971b).

In the solvent method, so0lilid solution or mixed
crystals of organic or inorgenic compounds rre mrde
by dissolving & physical mixture of the solid
components in a common solvent followed by evnporation of

the solvent, The main advantage of the method is thst
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thermal decomposition of the drug or carrier is avoided

because of the low temperature reguired for evaporation

of organic solvents.

Some disadvantage. of solvent method are higher
cest of preparation; difficulty of removing liguid
solvent completely; possible adverse effect of the
supposedly negligible amount of the solvent on the
chemical stahility of the;drug; problem in sédlecting
a common, volatile solvents and difficulty in

reproducing crystal forms.

The melting~solvent method is based on the
finding that about 5 - 10¥ W/W of liquid compounds
could be incorporated into PEG 6000 without
significant loss of its solid property. Solid
dispersions could be prepared by first dissolving a
drug in a suitable solvent and then incorporating the
solution directly into the melt of PEG obtainable
below 70° without removing the liquid solvent (Chiou
and Riegelman, 1971a},.

This unique method has the advantages of both melting
and solvent methods. Frpm a practical stand point,
its aprllication is 1imifed to drugs with a low
therapeutic dose say 50mg, The feasibility of this
method was demonstrated on spironolactone - PEG 6000
and griseofulvin - PEG 6000 systems (Chiou end
Riegelman, 1971a},

The disadvantages include the possibility of the
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selected solvent or dissolved drug being iimiscible
with the melt of the solid carrier, Another
disadvantage is that the polymorphic form of the
drug precipitated in the sclid dispersion moy he

affected by the liquid solvent used,

In reviewing the classification of solid
dispersions along lines of majer fast-release
mechanism, Chiou and Riegelman, (1971a)} considered
them under six groups, viz - [

Simple eutectic mixtures. They are usually prepared

from the rapid solidification of the fused lirnuid of
two ligquids which show complete liouid miscibility
and negligible solid-solid solubility, Thece
properties are iliustrated in the phase diajram
presented in figure 1.5. Thermodynamically, such &
system is regarded as an intimately blended physical
mixture of its two crystalline components, "hen a
eutectic (composition E in figure 1.5) composed of a
poorly soluble drug is exposed into agueous medium

in fine crystalline form,

A number of factors may contribute to the faster

dissolution rate of a drug dispersed in a evtectic mixture,
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Fig-15 Phase diagram of a simple eutectic mixture
with negligible solid solubility

From Chiou, W,L; and Riegelman, S, (1971)
Journal of Pharmaceutical Sciences,
Vol, 60, No., 9, p 1284,



They include the absence of aggregation* and
agglomeration®™ between the fine erystallites of the

pure hydrorhobic drug,

Solid solutions. They are made up of solid solutes
dissolved in solid solvents, It is often called a
mixed crystal because the two components crystallize

together in a homogeneous one-phase system,

Solid solutions are generally classified to
reflect the extend of miscibility bhetween the two
components of the crystalline structure of the solid

solution,

Based on the extent of miscibility between the

two components there are:

(i) continuous or isomorphous, unlimited,
complete solid solutions, and
(ii) discontinuous or limited, restricteq,

partinl, incomplete solid solutions. :

* An aggregate is a particle or an assembly
of particles held together by strong inter
or intramelecular atomic cohesive forces,
Usually the aggregste is stable to high
speed mixing or ultrasonic forces.

**% An agglomerate is a gathering of two er more
particles and/or aggregates held together
by relsatively weak cohesive forces,
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Based on the crystalline structure, there are:

(1) substitutional solid solutions, and

(ii) dinterstitial solid =solutions,

Glass soluticn and glass suspension

A glags solution is a homogeneous glassy system
in which & solule dissolves in a glassy solvent, The
glassy or vitreous gtate is usually a result of an
abrupt qguenching of a melt, 1t is characterized by
transparency and brittleness below the glass forming
temperature, On heating, it softens progressively and

continuously without a sharp meiting point,

A glass suspension rzfers to a mixture in which
precipitated particles are suspznded in a glessy

dispersing medium,

A number of compounds have been shown to be capable
of forming glasses rapidly upon cooling from the liquid
state, These compounds include sucrose, glucose,
ethanol and 3-methyl hexane.

Glass formation is common In many polvhydrexyl
molecules, presumably due to their strong H-honding
which may prevent their crystallization (Chiou and
Riegelman, 1971a}, Citric acid, a normal constituent
of animals has been found to be capable of glass
formation, Ture polyvinyl pyrrolidone (PVF) and other
polymers dissclved in suitable organic selvents may

become glassy after evaporation of the solvents,
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An amorphous precipitation of a drug in a3 crystalline

carrier, In this type the drug is presumed to be
precipitated out as an amerphous farm in the crystalline
carrier, Since the amorphous form is the highest enersy
form of a pure drug, it should under almost all
conditions, produce faster dissclution rate and hetter
absorption than th~ crystalline form whether the
crystals are, or are not dispersed in a carriler.,
amorphous novobiocin actually has a 10-fold higher
80lubility than its crystalline form. A much faster
dissolution and higher blood levels were also found in

the amorphous form of the drug.

It has been postulated that a drug with a high
super cooling property has more tendency to sclidify as
an amorphous form In the presence of a carrier (Chiou

and Riegelman, 1971a),

Compounds or comolex formatien. Though strictly speaking

these should nct be classified as sold dispersions, but
owing to their frequent occurence during the preparation
of solid dispersions by the standard methods, they have
attracted the sttention of workers in this field,
Although the wster soluble polymers have been considered
as ideal carriers for the solid dispersion of poorly
soluble drugs, the implication of possible complexation
should not be cvrorioccked, as some of them actuslly retard

the pharmacological response to drugs incornorated therein,
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Examples where complexation has been implicated for
retarding drug effects include: PVP's effect on '
penicillines, novobiocin, prostigmine, hexobarbital,
ouinine and hexylresorcinol and the effect of PEG 6000

on phenobarbital (Chiou and Riegelman, 1971a).

Combinatgpn and miscellaneous mechAanisms

Quite often & solid dispersion does not entirely
belong to any of the major groups, but is made up of a
combination of different groups. Under this circumstance,
the observed increase in dissolution and absorption
rates may be due to contributions made by different

mechanisms,

The review by Chiou and Riegelman, (1971e) also
touched upon the many methods used singly or in
combination for acquiring information regarding the
phvsical nature of any given solid dispersion, including

their advantages and disadvantages,

Chiou and Niazi, (1971) worked on the dispersion
of sulphathiazole in urea employing two polymorphic forus,
They found that solid scolubilities depended on the
polymorphic form of the drug, and that the increased
dissolution rate of the dispersion changed with aging,

Corrigan and Timoney, (1976) being aware of the
lack of guantitative data on the release of drugs from
PEG systems of constant surface area, carried out a
systematic investigation of dissolution from
hydroflumethiazide « PEGC systems. The effect of
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polyethylene glvcol on the discs of hydroflumethiazide
from discs of constant surface area prepared by three
methods showed that incorporation of PG incressed the
dissolution of hydroflumethiazide, The increase wasg
found to be a function of the moleculzr welght of tne
carrier and of the ratio of drug to carrier, They
reached the conclusion that the observed enhancement
of the drug's dissolution rate at low and intermediate
pelymer weight fractions was due to the formetion of
8cluble complexes in the diffusion layer during
dissolution while the formation of solid solutions may
be considered to explalin the observed differences at

high weight fractions.,

hllen et al, (1977) in studies on the dissolution
rates of corticosteroids using sugar glass dispersions,
reached the conclusion that the observed increase
disgolution rote was attributable to the presence of the
drug in a very fine state of sub-divislon end to

increased wetlability,

The possibility of overcoming biocavailability
problem of 2 nabilone-a cannabinoigd derivitive has been
studied. Solvent method was used and an effective way
of preventing ihe conversion of nabilone into the
non-bicavailalle polymorphiic forms was found by keeping

the drug dispersed in povidone,
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This was the first reported use of the solid
dispersion teclhnigque for the prevention of undesirable
crystalline tranformation. Tpe povidone dispersion
maintained the drug in the ¥ioav~{i-ble form for at
least two years ot room temperature, Nabilone is
capable of existlag in at least four distinect
polymorphic forms depending on the crystallization
conditions and solvent, All the forms appeared to be
egually hydrophobic and insoluble, (Thakkar et al,
1977).

Geneidi et al, (1940a) studied glibenclamide solid
dispersed by fusion method in mannltol, sorbitel, a
50:50 sorbitol: mannitol mixture, and polythene glycoels
LOOO and 6000, Results showed that the drug was stable
and did not decompnse during fusion, with the solid
dispersion exhibiting marked incresse in the level of
drug dissolved compared to that from the plain drug.,
The degree of dissclution enhancement achieved by
PEG 4000, was reported to be similar to that by
PEG 6000,

The magnitude of releasc of the drug from fusion
was found to be much greater than that obtained from

marketed glikenclemide products,

Geneidi et 21, (1980b) in another study employed
other carriers for dispersing glibenclamide and

investigated the dissolution rate characterisites,



They reported morked increase in the dissolution rate
of the drug. Differential thermal analysis (DTA) and
IR spectral studies on the drug and its coprecipitate
showed that no polymorphic forms were formed during the
preparation, But evidence of complex formotion between

glibenclamide ond PVP was obtained,

The coprecipitates were found to have high

dissolution reles compared to two marketed preparations,

Bloch et al, (1982) studied varying composition of
chlorthalidone and urea, Dissolution rate studies of
the physical, molten and compressed molten mixture gave
results showing enormous increase in dissolution of
molten discs from 10 to 35% W/W ratic of drug in urea,
compared to the physical mixtures having corresvonding
composition, WNo significant differences were found in
the dissolution rates between molten discs and compressed
molten discs, They reported that crushing and
compressing seemed to have had influence on dissolution
rates, Aging studies showed no significent change in
dissolution rate characteristics after 4 and 8 weeks,
Tt was the view of these workdrs that dissolution
enhancement by urea was due to the fact that each single
crystallite of the poorly wettable drug was very
intimately encircled by the soluble carrier which readily
dissolves and causes the water to contact and wet the

drug particles.



40

Their study indicried that a physical mixture produces
about 10 times dissolution enhancement while melting
with the carrier produces about 130 times increase in
the diszolution of the drug comparszd to its intrinsie

value,

Deshpande and fAgrawal, (1982a) hove reported
observing incrutse in dissolution rotes of chleorothiazide,
hydrechleorothiazide, flumethiazide and cyclopenthiazzide

80lid dispersions using polyethylene glycol as carrier.

In a sepurate presentation, Deshpande and Agrawal,
(1982b) studied the influence of various dispersing
agents on the dissolution rate of hydrochlorothiazide
and observed that the drug decomposes in the presence
of dextrose, They reported the superior drug release
from urea as comparcd to the other carriers which were

sorbiteol and tartoric acid,

Meshall et al, {1983) reported the resulis of a
study done on the solid dispersion of trimethoprim with
different cluoses of sugar (reducing and non-reducing)

prepared by the fusion method,

A marked increase in the dissolution rate as well
as the bioavailability in humans of the dolid dispersions
as compared to the drug alone were observed, The
study therefore clearly established that solid
dispersion of trimethoprim with sugars can remarkably

enhance the rite nnd extent of its absorption in humins,
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CH:APTER TWO

NITROFURANTOIN

2.1 A _REVIEW OF THE THERAPEUTIC SIGNIFICANCE
O THE DRUG

Nitrofurantoin is solely & urinary antimicrobial
agent (Martindale, 1982; Conklin and Hollifield, 1965;
Bron et al, 1970; Hoger et al, 1981b}, frequently used
in the prephylaxis and treatment of acute and chronic

urinary tract infections., It is boctericidal in-vitro

to most gram-vnositive and gram-negative urinesry-tract
pathogens and minimum inhibitory concentrations have
been reported to range from 4 to 100 pg per ml, however

pseudomonits aerugincosa is usually resistant and most

strains of proteus spp. are moderately resistant,
Nitrofurantoin is most active in acid urine and if the
PH exceeds 8, most of the antimicrobvizal activity is lost,
Resistance rarely develops during treatment with the

drug. (Martindale, 1982),

Mechanism of nction

It is thought that nitrofurantoin acts by inhibiting
acetyl-coenzyme &  synthesis thereby Bleckirm bacterinl
carbohydrate metabolism, This inhibition mzy extend 1o
human tissues, causing pelyneuritis (Roger et al,,

1981%),
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2.2 BABIC 1TLIAMACOKINETICS OF NITRCFURANTOIN

On absorpiion, 25 to 60% is bound to plasma
proteins wiiile about 40% ~f a dosé is excreted rapidly
in the urine 3 unchanged nitrofurantoin. The plasma
half-life i¢ < out 20 minutes., (Martindale,1982),

Fhysico~chizmlcally, nitrofurantoin is a weak acid
(MKa 7.2) with relatively low agueous solubility
characteristics &1 ©H values normally recorded for the
various seygment. of the alimentary canal of man, As a
result of this, the drug shows a particle size
dependence in 1ts dissoulution properties (S5toll et al.,
1973), and in its biomvailability in man (Paul et al.,

i

19673 Stoll et z1., 197%; Bates et al., 1973).
Usually, large amounts of the drug are recovered
from the excretory fluids (bile and urine) after either
oral or parenteracl drug administration. However,
detectatle 1eacucl drug levels zre only encountered
occasionslly (Conwlir, 1971).
The drug 15 erereted Iin the Kildney by glomerular
filtration and i& hoth cxcreted and reabsorbed in the
tubules, Nitr-ofurentoin clearance in the kidney is
handled by < weak acid trensport system which is
influenced Ty ®l. Under acid conditions, tubular
reabsorption is increased resulting in possible higher
kidney tissuz drug levels. /Alkaline conditions reduce
this effect, evidently yielding greater drug concentraticn

in urine. ouring renal impairment, nitrofurantein urinary
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excretion is sig: ificantly reduced (Conklin, 1971).

Conklin, (1971) has reported that sti'dies
conducted with intravennusly udministered nitrofurantoin
established that the drug levels in bpoth blood and
urine were proportional to the dnse., The result has
indicated th«t urinary excretion of the drug may be
used as a reliable indicator for the in-vivo absorption
of nitrofurantoin, while results chtained from numerous
studies showed that similarities or differences between
nitrofurantoin formulations avre readily discernible
using this approach (Conklin, 1971).

Bates et 1., (1974) have studied the effect of food
on the abscriicn of the drug from commercial dosage forms,
Results siioyed considerably innreased absorption in
non fastineg ¢35 compared to fasting subjects,

Toxicity of nitroluraitoin

Administretion of ritrefurantoin has been reported
to cause nuausee, vomitting and diarrhocea in an
appreciable ruumber of patients. Gastirointestinal effects
have also been observed in some patlients receiving the
drug intravenously (iiarvey, 1980). Polyneuritis,
usually relatasd to nigh bleod corcenptration has been
reported in petients with impalired renal function or
following prolonped administration of large doses,
Allergic re:c:inie such ac niin rashes, fever, and more

rarely, serf ..o ~cut2 palmnonary sensitivity reactions
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includinz symptoms of asthma and oedema have been
reported, Chroric pulronary symptoms may develon
insidicvzly in ratients on lonc-term therapy and these
are »ou ©luv2ve reversivle, vstagmus and alowecia heve
alsc boar o« #tad to oceur during treatment with the
drug (iavey, 100),

Cther cdverze ¢ (ecte of ihe drug include megaloblrstic

w

anaemia, ¢yranulocytosis, #ra hoemolytic araemia in

persons wii! peneiic detficiercy of glucose - 6 .. n osphate

dehydrogensce and in the pregence of liver damage

(Harvey, 19£0; Martindzie, 1952},

2.3 A GUNORLL REVIWY OF WORK Y@@ 0 NITROFURANTOIN
BY, TIOVIOuS ORI o

Stucdies have been conducted relating the efiect of

varying tre crystz2l size of orally administered
nitrofurartoin on zbsorntion snd urinary excretion in
the ot ¢l wur and emesis in dogs,

Upinzy: oropeation i+ the rit and man demonstrated a
slover rate of ahscorptien from larger crystal size than
from Tine cr:stals with 2z le teial urinery excretion
from a suitanly selected size or size rarve (average
crystal size of ~*out 100 um or its enmivalent surfice
area fallins, vetween 187,55 to 7Y o limits). Stodies
with doszs revealed thot the lar-er crvestals were mich
less provocative of emesis tran ‘re smaller crystal

size, firaul et al,, 19€7;.
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A sludy o5 been carried out to develop a
turbidimetiic meiiod for the estimation of nitrofuran
compounds in DHlological fluide. / microbiological assay
procedure for aitrofurantein and its active congeners

was developed using 5, faecalis., The results of the

assay subjected to statistical anaiysis showed that the
extent of inhibition and the form »f regression of
responses were atlected by the concentration of the
indicator orgsnism, time of incubation, and quantity of
serum or uring, OUptimal conditions for the estimation
were established using nitrofurartoin and furazolidone

in serum ard urine, The metnod was found tu be rapid and
reliable Tor the e-tinations of smalll amounts of the drug
in Fiologie:1 riuiis (Cang =nd Shaikh, 1972).

A study o in-vitro dissolution and in-vivo
ebsorption o. Litroliurentoin from .deoxycholic acid hus
been carried ouzZ. nesults indicated that the
coprecipititez ziiowec significant lrcreases in both the
initial urin2ry excretion and the tetal cumulative
amount of unciiunged nitrofurantoin wien compared to
either the physical mixture or the pure drug (Stoll
et al,; 1973),

Single lots of 14 commercially available 50 and
100mg nitrofurz toir products have been evaluated
2In-vitro and in-vivoa. All products tested met USP XVIII
specificautions ior drug content, disintegration time,
and dissclution rite, OStetistically significant

differences -rere observed in bicavailability, as
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determined from cress-over urinary excretion studies
in 44 voluntu:ers, No useful correlation was observed
between the extent of urinary excretion anua either the
disintegration or dissoluirion characteristics of the

dosage forms tested (Meyer et al., 1974).

The yH ~ dependent dissolution rate of nitrofurantoin
from commercizl suspensions, tablets and capsules has
been investi =2ted, Results provided evidence that the
dissolutiou » e o1 nitrofurantoin from different
pharmaceutic . Cusare forus can be markedly affected by
rHs The dissoluvion medium (FH 7.2 Phosphate buffer)
recommended ' v the 'S¢ 135 unzble to discern inherent
particle=size de endent dirfferencss in the rate of
solution and incidence of side effegts of nitrofurantoin
from commercitl, microcrystzlline drug tablet and
macrocrystélline drug capsule dosage forms. The
dissolution r: te characteristics of the drug from these
two dosage forms in simulated gastric fluids (PH 1.12)
and the existeace of a2 relationship between these in-vitro
results anc reported toxicity data suggest that the
USP XVIII diccolution raete specification for
nitrofurcrvo’» arosucts should be modified (Bates et al.,
1974).

he Lr.7..ce of twe linesr polymers, PEG 6000
and FVF 25,070, on the dicsolution rate of three poorly

soluble druzs, altrofurantoin, ¢thotsin und coumarin haes
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been studied, Fovidone 25,800 produced better drug
solubilization thazt PEG A0¢# with the drug - polymer

ratios studied, 2nd an increase in the weight fraction
of either polvuer gave more rapid dissolution, TLC and
IR studies rula2u out any interaction between the drugs
and PEG 6000, IR spectrophotometry provided evidence
that there w..s complex formation between nitrofurantoin

and PVP 25,000 (Geneidi et al., 1976).

in @ series of in-vitro and 32-1312 experiments,
the dissolv 10w, Lioavailability and pharmacokinetice of
three commcrcicl nitrofurantoin preparations have been
studied and compared, [lasma and urine levels were
determined ucii: & HPFLC metnod, [rom the in-vivo results,
one of the formul-tions was significantly less absorbed
and excreted tihan the other two prepzrations, The
other two formulations, » and Ceduran were bioeguivalent,
but in view of the reduction of side-effects Ceduran
seemed to be the drug of choice, An in-vitro dissolution
test for nitrofurantoin using the USF XIX disintegration
apparatus provided profiles comparable to the in-vivo

——

During it investigaticn, the feasibility of
formulatin; co..rolled=-relvzse risrospheres of a reservoir
type usin, e- . «lbumin @s the core matrix and
nitrofurantoi: h.3s Leen stuaied, ‘the albumin microsphcres
and albumin iicro. nhores coatad with ethylecellulose were

tested. Ine-vitro relezse rates c¢f nitrofurantoin from
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the egg =21bunin heads was significantly reduced as
compared uo .z anitrofurantnin powder. Ninety percent
of the dru: Ji..olved from the nitrofurantoin powder in
about one houe wiile appromimately two hours were needed
for half of ' he drug to be releaced from the albumin
beads., The i2le“se of niltrofurantoin from ethylcellulose
coated microc:psiles followed an apparent zero ofder
rate, although the drug was not completely released from
the beads diring the eight heurs dissolution time

(Jun and Lai, 1983).

A method for the determinetion of furadantin
(nitrofurartoin) in urine has been described, Furadantin

was separated ‘rom interfering urinary pigments by a

chrometogr:e ..la .bsorption technique. Furadantin
concentratic L wore tnern determined spectrophotometrically
from the obeorh vee (375nm) of the eluate, or from the

eluate furtler treatcd to form the phenylhydrazone of
nitrofuraldetyde from farada tin 2nd the determination
carried out coulorimetrically. uradantin concentrations
as low as 1 or 2ag per 1uiml. can be determined by this
chromatographic method (oender et al., 1956),

wWatari, et @l., (1283) investigated the influence
of route administration in the absclute bicavailability
and GI tract absorption of nitr>furantoin in rabbits and
reported thiot the dispeosition of nitrofurantoin was

described by # one-compartment model with simultaneous
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first-crder and "icherelis-Menter tvpe elimination
kinetics @ixd bioczveilability estimated bv non lineoy
assessement, "he plassma levels following oral
adininistr-tion were sirnificartl Jower than those ofter
intraveno's administration, ron the different obsclute
F values, they concluded that the reduction of
biocavailability fellowirg oral adwministration could not
be atiributed to metatolism by irntestinal microflora or
to the hepatic first-paes effect, but may be probably due
to pasiric Jdegradation of “he drupr, The investi~etion of
factyes inilucsncine kionyzilability si'ch as water volume
tae~ will lhe drur, change of pastric emptying and
effae:" of 1orlicle gize were also c2rried ont, Increuse
of v.lune of 'mi er 2dninistered tended to improve

bioarailalility. and & prrticle sire dependency & observed,

2.4 OGITOTIVE . ND SCOLF

[ fE smsmt e e -

The primarv otjlective cf this mrojiect has TLeen to
work towards the optimal use of nitrofurantoin,
particularlyv the enhancing of the biocavailebility of
the drug =t its site of zction and censenuently ore: ter
therapeutic efficacy and possitle reduced incidence of

toxicity in zresatsr rnumsber of pztients,

i #1707 of inereasir; the dissolutinrn and

ahsorpt’®. e ter T nitreefirar tein preparations by

using ti'e solic dispercin technioue was inves+tigated,
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Six carric.s zre screened hut only two were capable of
producing coupareble solid dispersions. Solid
dispersions of the drug in the two inert, water-soluble
carriers were prepared by the melting method. The
stability ol tne solid disperslions wsre assessed using
TLC and UV spectrophotometry.

Preformulation dissolution rate studies were carried
out using powder samples, Drug: carrier ratio of 1:10
was used in _repzaring solia disperslons and physical
mixtires with the two selected carriers, Drug: carrier
ratiss of 5, 43, 20, 3C, 40O, and 9% solid dispersions
of thne be ve> o7 the two carviers, were then tested for
daiss>Iutingy 1 Tus, e 50, d—ug carrier solid dispersion

was s»lect i fov forpulation studizs.

The 308 -Adru, in carrier c~lid dispersion was
farmulated icue te olet #nd comparea wiin tzblets

- -

made from the aruz/IRu A™05 physical mixture angd
Avicel physiczl mixture -1 correspon’ing composition,
farmulated znd vroduced under identica’l manufacturing
procedures, Titlet eviluzti:on »nd quality contrul tests
were carried ovt according to USE AVIII,

A study zimed st establlishing an in-vitro
dissolution rote ind in-vivo absorption correlation
was then ca.rie. .ut on Ih pvepared and tested tablets,
An in=-viv: ¢hoorption studies was done on 3 fasted

humgn v - lustser. , using a4 balenced crogs-over design,
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PART TV10 - EXPERIMENTAL

CHAPTER THREE

MATERIALS AND METHODS

3.1 MATERIALS

The active principle:

GENERIC NulE: Nitrofurantoin (analytical grade)
"from the Cedona, Haarlemmer Pharmaceutische

Fabriek B,V., Haarlem (The Netherlands).

APPEARANCE: Lemon-yellow, fine powder

CHEMICAL N&MES:

(1) I - ((5-11itrofurfurylidene) amin@) hydantoin
(ii) I - Ik5-nitrofurfurylidene) aminé) imidazolidene

2, 4 = diocne.
EMPIRICAL FORMULA: C8 H6 Nq 05
STRUCTURAL FORMULA:

NOZ. -CH

|

A

MOILECULAR WEIGHT: 238.16

MELTING RANGE: 270 - 272 °

MOISTURE CONTENT: Not more than 1% determingd by
drying at 105°. o

SOLUBILITY: I in 5000 parts of water,

(Martindale, 1982); 79.5mg ﬁer 1itre (24°).
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113.4mg per litre (30-); 174.1mg per litre (37°) and
251.2mg per litre (45°) (Cadwallader and Jun, 1976).
DOSES :

Therapeutic, 50 - 150mg four times daily by mouth.
Prophylactic., 50 - 100mg at bedtime,

USES: Broeecd soectrum antimicrobial agent used clinically
for tr2zti. soe2cific. urinary tract infections,

e
'u‘!

Polyethylerz= ;lyc 1 (rezgent grzde) BDH chemical Ltd,,
Poole BH 124 NN, Enzliand,

PHYS .CAL ©7..70: Hard wax-like, nun-hygroscopic flakes,
MELTING R.1G2: 5& = 62°

STRUCTURAL FORMUI e HdFHz (CH2 UCHz)n CH2 OH.
MOLECULAR UEIGHT: 6000

COLOUR: Creamy-white

ODOUR: Almost odourless

SOLUBILITY: I in 2 parts cf water, 1 in 2 part of
chloroform, “reecly soluble in alcohol, but practically
insoluble in ether. (Martindale, 1982).

OTHRR 1L . .3 Dolythylene glycnl 6000, is
nonn=valatile, 7Tt is chenically and physielogiczlly
inactive. =% nLia zen used as irert metrix in several
5911d dispersi. s uy dhicu and Yiegelman, (1971b);Corrizan
and Ttmoney (1975): Deshpande arnd aawval, 1982a),

Geneidi et zl. (1976); Geneidi et a2l , (1980a).
Polyvinylyyrrolic ne (PVi). poavidore (reagent grade),

BDH Chemicals L.%.,
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STRUCTUR..L FORNULA:

- CH « CH
S

i
- ‘\\49(]

t
| v
| |
e i

EMPIRICAL PPOa/R1ius (c6 Hg No)n

MOLECULAR . 415 1T: 44,000

COLOUR: White

ODOUR: Odourless

NATURE: Hygroscupic powder

SOLUBILITY: Solukble in water> alcohol, chloroform and
isopropyl alcohol; practically imsoluble in acetone and
ether, ‘(Martindale, 1982).

USES: Povid.n® is used &8 suspending agent and
dispersii, ..7eni usuzlly in concentrations of up to 10
percent. It i: 13> uced as tablet binding and
granulatinz zonw usually in concentration of 0.5 to 5
percent. [t is »2rticularly useful in tre preparation
of effervescent tzclets which are highly sensitive to
water, since it can be incorporated as a solution in an
organic solvent such as alcohol, It is also useful in
the preparstion of heat sensitive tablets since granules
prepared with = solution of povidone im an organic soulvent
of low boilings point can be dried iu air at ordinary
temperature,

Lactose (reazent grade), bBDH Chemicals ltgd.

CHEMICAL inlii.. & = O = B - D - Galactopyranosyl - D -

Glucopyranose nonohydrate
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STRUCTURAL FORMULA

Clil 20}’%""

EMPIRICAL FORMULA: C45 Hap 0440 Hy0
MOLECULAR WEIGHT: 360.3

COLOUR: Creamy white

TASTE: Faintly sweet

ODOUR: COCdourless

SOLUBILITY: I in 5ml of water, and 2.6 ml of hot water,
very s5lightly soluble in alcohel, insocluble in
chloroform and ether (Martindale? 1982),

USES: Lactose is used as diluent to give bulk to powdgrs,
and in compressed tablets, It is used in the production
of penicillin and as sterilized lactose as diluent for
antibiotic powders,

Lactose is widely used as an addition to milk for infan%
feeding.

Suscinic acid (reagent grade) BDH Cﬁemicals Ltd.

NATURE: White powder, which undergoes sublimation
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5 Mennitol (reagent grade) BDH Chemicals Ltd.
STRUCTURAL FORMULA:
H H OH CH

é - é - OH, OH
' ' ? !

H H
EMPIRICAL FORMULA: Cp H,, Of
MOLECULAR WEZIGHT: 182.17
MELTING RANGE: 165 - 169°
SOLUBILITY: I in 5.5 of water, slightly soluble in
Pyridine, very slightly in alecchol soluble in alkaline
solutions, practically insoluble in ether. (Martindale,
1982), | | |
COLOUR: White ;
ODOUR: OCdourless ;
TASTE: Sweet : f
PRYSICAL STATE: Free flowing granules {
USES: This hexahydric alcohol has been used as diluent
and excipient in pharmaceutical preparations. It is also
use as diagnostic agent for kidney function., It 1s an
osmotic diuretic in high docses (50 to 200g daily)} by
intraveous infusion as 5 to 20% solution.
Reagents:
Purified stearic écid {general purpose) Hopkin & Williams
Ltd., Chadwell Health, Essex, England
Benzine (reagent grade) BDH Chemicael Ltd.,
Phosphoric Oxide SLR, Fisons Scientific Apparatus,

Loughborough, Leics, England
. N,N-Dimethylformamide {general purpose) Hopkin & Williams

Ltd. Chadwell Health Essex, England},
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Lcetone NIl Chemicals ILtd.,, Ethyl alcolol, (absoiute)
James Turrou;n Ltd., “ine Chemicals Division 60
Montiord ¥ lice, London 5E TI,

Microcr vt2lline cellulose, . vicel, PH 101

Starch i+ wretory (remicals) i“ay and Baker Ltd.,
Dacernon, nglend,

Tolue'e { T izellv nure) Sherrond, Sussex, Fn - land
Tale, Tine powder #i)¥ Chertical L.td,

THE BOVIEMERTS

SP 30 UV-VISIBLE SPFETROPEOTVMTER (IVE-UNIC." LYD,,
York Street, Cambridre, ['ngland CET 2TX,),

Silica cuvettes P2 3875 IA 10mm FO

ERYEK. dissolution apparatus and accessories udrwelke
Appatebau - G.M, B.I!, 6056 Heusenstamm ¥Kr, Offenbach ~
Main, CUNTLIFUCE Renwi instruments, 14 Shah Industriel
Estate, /e:ra lesai 'd,, :ndreri (W), Pombay - 400 058,
India,

ERYWEI . “rormlater, Tvie U400 Zrweka .pnatebau

SINGI* i UNCI, tebletting machiine (KORSCH)

e (Fromy )

n

Friabilutor, Tyne
Oscilliting sranulator, Tyne ..H 400 (WRYFY')

analytical bslence, Tyre H35 R Tettler, Calleuknrp

3.2 SRE1 T UNRY STUDLES

3.2.1 PSORFTICH SPFCTRIM FOR MITROFURNIOIN

To deterqiine the 'avelencth o7 peak absori: ce for
nitrofurantoin, a 10pg per ml aouvecus solution was run on
spectrovi:otometer from 200nm to 49%nm, The absor™ices
observed ire rresented in tahle 3.1 while the ~ran*ical

reprececvntion is made in figure 7.1,
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Table 3.1 bserption = spectrum of nitrofurantoin
\n water (1q’g per ml)

Wavelen;th, .-bsorbance wavelsength, - Absorbance
L E— (may o .
200) 0.50€ 205 D.210
205 0444 310 0,194
210 0,389 L i 0,196
215 04333 320 0.214
220 0,455 525 0,247
225 04281 330 0,29
230 0.24Y2 555 0,345
235 Gadl3 340 0.399
240 043%2 545 0,455
245 U549 350 0,512
250 0,468 355 0.562
255 Q2,396 360 0,605
260 0,428 365 0.637
265 0,467 37C 0.655
270 0,493 375 0.5696
5 8,456 580 0.645
280 D452 385 0.614
285 0,400 590 0.507
290 0,346 395 0,511
295 0,290 400 0. 4b6
300 Qo 244 405 0,378
410 0.313 455 0.022
415 J e 266 450 0.02%
420 Q.192 65 0.9222
a7 0.14% 470 0,020
4 50 0,194 475 0.030
455 0.076 L2320 0,033
L&Y U.042 490 0,018

450 0.030 495 0,021
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Fig 3.1 Absorption speetrum for nitrofurantoin solution in water (10 ug/ml)
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3.2,2 L MBERT-BEER'S ©'1CT

To estab!ish the apnlicability of UV spectrometry
for the quantitetive determination of nitrofurar.toin
in agueous solutions, compliance with Peer<Lambert: s
linearit 2:0t was investicrated at the wavelen:tl. of

maximuae Vacention (373mm),

Frocedure

v 20 pw per wl stock solutlion of the drug, vas
sarially diluted end absorbarces of resultiang dilute
solutiang recordsd. '‘he ohservations are presc.ited
in @ tatular form in table 7.7 a2nd graphically in

figure 7.7,

o]

Table '.,2 Concerirations ond absorbarnces ol
sclutions of nitrefurantoin in weter
used for the Lambert-Beer's plot.

— s a e e m— s B - - e = b -

Concentrstions of dilute Bamdbdrena ak
solutions - ue per ml. 37%nm
) 0.071
. 0,140
; 0,219
4 -".")"‘2,
2 .36
: n 566
- 506
L 1.042
@Q 1.207

# Fean cf three obscrvations,
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Fig3.2 Lambert-Beer’s plot for nitrofuranto:n inwater

o
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Celeculation

The slope of the plol in fig, 3.2 was calculated
ty linear regression analysis and its value was
¢ ,0606, The intercept wes zero,

Z.2.3 INTERACTIVE EFF7CT O LIGHT ON NITROFURANTOIN
SOLUTTONS TN WATRR -

— o - . ——

This investigation was carried out to study the
pecsible effect of normal laboratory lighting on the

stabilitv of acueous solution of the drug,

“rocedure

A 5 nug per ml solution of the drug was prepared
in water and divided into two parts. One pasrt was
exposed to a constant light illuminatiog in a well-
stoppered flask, The other part was kept in another
flesk protected from light by wrapping with aluminium
foil, These containers and their contents were kept
1is wey for 72 hours. Samples were withdrawn
periodically for analysis to monitor drug levels in
them, The result of this investigation is presented

in table 3.3 and graphically in figure 3,3.

* Congtant illumination wes facilitated by
4 fluorescent light tubes of 40w, 5x120cm

esch in a 10m? sroom with white plastered walls,



Table 3,3 Photolytic degsradation of solutions
of pure nitrofurantoin in water,

e — . —

Lime FPercentage drug Content
‘hr.) Exvosed Container Proctected Container
0 100,00 100
0.5 95.43 100
1.0 89,86 100
15 86,08 100
240 80,52 100
P8 77.93 100
.0 75.94 100
11.0 62,82 99,60
14,0 60,24 99,60
72.0 10,54 99,60

Z.2.4 EFFECT OF TEMPERATURE ON THE STABILITY
OF NITRUFURARTOIN TN VATER

Ag much of the drug would be subjected to tests

of verious kinds, some of which would be at the
simulated temperature of the human body, this
study was carried out to estimate the effect of this

temperature on the drug content of aqueous solutions,



—
o
(-

~J o o
=] o o
A 4 I P o | L & o |

a
5

N
o

Percentage of nitrofurantom undegraded
W I~
© O

N
o

—
—

.
>

Sample protected from light
—0—0—0—0—0Jt0 ff o0 40— o

Sample exposed fo light

L L L LA

o | e £ 5

F
05 10 15 20 25 30 110 f W T 73%

Time {Hour)
Fig.33 Etfect of light on the stability of
nitrofurantoin solution inwater



Procedure

A 5 pp per ml agueous solution of the drug
was placed in @ well-stoppered volumetric
flask wravped with aluminium foil (to protect
the drug from light) and kept in & constant

-

temperature water bath meaintained at 37° £ 0,5
for 4 uoure. ‘amples werd tiken and assaved
periodicaily, Concentrations cerresponding to
absorbances ouserved were oblained from the
standard curve Dy calculation, The results are
shown in wrule 3.4 and ligure 3.4,

Taile .4 Drug content varistion with'

time at 37%.

Time {miru.as) urug coutent (% w/v)

0 100
30 100
60 100
<) 100
120 100
180 100
240 100
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Fig3 4 Theeffect of temperc-ure onthe stability of
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342,95 SCIUouNING OF THE PRCPOSED ChRRIERS

Jutreduct ton

A prelininery survey was planned for six proposed
carriers, namely, lactose, mannitol, polyethylene glycol
(PEG) 6000, polyvinylpyrrolidone (I'VP) 25,000 and 44,200
and succinic 2cid, /ttempi=z to produce solid disversions

by the met fusion) method or covrecinitates by the

solvent meinod .7 ve the followinz results:-

Lactose: . = tisfactory melt or fusion was not formed,
The solveri  +«t.od sprroach to produce a coprecipit-te

with solvents 1liie chloroform, ethanol and methanol was

unsuccessful,

Mannitol: This carricr formed a satisfactory melt with

the drug, suiiect to stability studies good perform uice,
Mannitol did not »roduce a co-reciritzte with the

drug in the solvents (chloroform, ethznol and methanol)

tried.,

Polyethylene glycol 6000: "This carrier readily formed
a satisfactory nelt, VYith the solvents (chloroform,
ethylalcohol, and methanol) tried, no coprecinitate wos

formed.

PVP 25,00 "Lin molecular weirnt grade of Povidone
was not nviiitlinle for trial 2t the time this survey
was bein~ dore,

PVP 44,000« “is currier 4ic¢ nnt orm a satisfactory

melt witk the drug., "he solvert method gave & glassy

and sticky correcinit te with chloroform as solvent,
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The mase rewr ined sticky until tne sclvent was
compleiel; evaucrated, #nd this took several weeks, in
a vacuum derslice: tor, The drv coprecipitete was glassay
and powaeri.;: Ly resng of mortar 2nd pestle was
difficult znd = 1ittle unplecsant,

Succinic cla: iig earrier vwus found to be sublining

and since a semled contriner sgrstern (2dequste for
maintaining Ule drug rnd cerrier ceomrositior and
reoroducivle) covld not e provided, tie melt methud could
not be investi.cted furiter, . sstisfrctory coprecinitnte
did nit form between the drujp and t-is carrier in tue

gsolveats tried.
Conclusion

Melts of the drus in mennitol =nd in 'EG 6000 were

selected for corparrtive in-vitro dissolution studies,

3,2,6 o LUTC CF R URCIMTYRPERBNCES

o — —

Dur® = the Jmg contert eviiuction stopge the drug
would me ii. ~queous solutions of the selected carriers,
The aim of 1 ig survev wag to find out what angorhances
would he due tc the presence oy different czrriers ir. The
various soluti~asg, If there absortbances were found toe be
significant, the appropri:ite zercing of the
spectrophotoneter with corresncnding corcentrations of

the carriers wvould be carried out.
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Procedure

0.5% fgueous solutions of both mannitol and
PEG 65000 -ere made sepmurately,. For each carrier,
the 0,59 gsoiution was diluted to make the final
carrier concentrétion 0,03% (being the highest
concantretion of eny of the carrier to be
encounterad during the in-vitro dissolution
test) ard their corresponding absorhances
recnrded &t The wavelength of peak absorbances
for the drug (Table 35.5)
Results

The corrisrs hiave shown minimal absorbance
at the wortins wavelength., The carricrs are not
expectoed o edversely affect the readings
obtained,

Tehle 5.5 sbsorvances for 0.03% agueous

solutions of PEG 6000 and

mannitol at the analytical
wavelength (373nm)

rmiim - s am i

Carrisr Absorbuance
PEG 6000 0,003
Mannitol 0.0

DETZRMIIN-LTON OF THY SOLUBILITILLG OF NITROFUIANTCLN

Introduction
This prelimpinary investig-tion of the
solubility of nitrofurantoin (&s pure drug) was

carricd out .t room temporature {(which was 28°



at the time o~ these determinations) and at 37°
in water, Zolubility studies were z2lso carried
out at B?O us lng varying concentrakions,

(0.1 - 5%:) of nqueous solutions of PEG 6000 and
mannitol,

Procudure

Excess powder of th= drug were placed in
the various aolvent systems in triplicates
inside sulbor eonloured clinbritic bettles,

The boitieas =.ad their contents were placed in a
shak.r Ath thermostet set at 37° ¥ 0.5,
Small saup!sn were withdrawyn at intervals for
analysis . L]l thicre wés no further increase in -~
drug cornitorii.  wich smaple upon withdrawal was
filtercd t .ro.:n membrens filters (Ha 5.0 n),

and Iml o, filtrrte dilut.d tc 25ml,

The absoriances were record.d 4nd the coarresponding
AMiz ¢rntent in the Adilute s:iluti<ns enlceulaiod.
Tre drug wontent of the cvpcentrnticn fidtr-tus
ware thereby durived,

The zoluvility of th:s drug <t room
tempe r. e fth witer 38 solvent was determined
usin,; tiw 2 a1 rroecidure glven ébove, but with
the taor ¢ b % of the shek.r beth set at 28°,

The rues ¥t 21 atudy L pressnted in table 3,6,
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whie 5,0 e £olubility of nitrofurantoin in.
arnueous solntiorns of PEG 6000 .ind

manrnitol.,
Solvent “ystem Temperature Solubility
(cc) (mg ver litre)
Vater 28 1M11.71
Vater AT 196,™
0,1% Mannitol G 7 191,42
0,5% Manmmitol 37 195,01
1.006 Marmitol 5T 202,55
5.0% NMannitol 27 210,10
0.1% F.G 00X 37 222,67
0.5 't LN 27 244,57
1.8 FI¢ 530 37 251 .40
5.0 ¥0 5000 %7 25,70

3.2,8 DIDCUSTION

The resulis frox this set of preliminary studies

has shown that:

i) There are two peaks recorded iv the absorption
spectrun, There was o.e onezk nt 272nm, and anctier
was located at 373nm. For its greater sensiiivity,
A

2% wag sclected for use in measurements involving

concertretion of the drugy in aqueous solutionc,
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Cne ef “eciive way of protectine aoueous solutious
of nitrofurantoin is by wrapping the containers
with alusinium foil, This study has demonstrited
the photolytic degrar=tion of nitrofurantoin oand
the need to protect samples of the drug from direct
sunlisht or fluorescent light (Nender et al,, 10563
Buz-rd ot al,., 19563 Conklin and Hollifield, 1°C5;
Fotio™ et «l,., 1270) The study on photolytic
eficecl on sclutiore ¢f nitrofurentoin has helped

to sclive anv problem thet misht arise when samriles
for qu . titctive Adcterminations lhave heen prenrred
and t zre is ¢ moior electricsl power failure for
a prolonr perisd, Trovided tre solutions are
adequately protected froz lif!t in well stoprered
containers, loss of #pnreciable ouantities of tie
drug ir sciution would he (reatly minimired,
thereby ensuring *h=2t vzlid, renroducible rezdings
would still be obtrined wien normal power sunhly is
restored, #nd the determinntion made,

L 1. hert--Teer's plot for agueous solutions of
niirc furentoin hre been constructed. The grarh
had = grrdient of T,0090 nnd a zero intercept,
Reli- e 2hgorisoces may he expected only for
acueous drup concentrstions i the 2 to 10 ug per
ml (2 {0 " Omg per litre) rcnpe, This is the range

of sengitivity of the grenh,



iv)

V)

e

working at a temperature of 37° does not result

in thermal decomposition of aqueous solutions

of nitrofurantoin, The *-*al time taken for this
study was 240 minutes, This time wag far in exceas
of the 120 minutes needed for any in-vitro
dissolution rate study. It may elso be inferred
from this study that purely thermal degradation is
not likely to reduce drug levels within the

human body, although other metabolic processes
that may require this range of temperatfure may
exist, This study has clearly indicated thot
photolytic degradation of agueous solutions of
nitrofurantoin, may be 2 major source of instebility,
Thermal stability above 37° was not the subject

of this study, and comments on this aspect of the
drug's stability in agqueous solution cannot

therefore be made here,

Aqueous solubility of the drug, and its solubility .

in various solvent systems and at different
tenperatures have been determined,

The results from this study, have established that

the physical presence of the carriers actually

enhance aqueous solubility. The greater the
concentration of the carriers tried the greater

the observed solubility. This study has agaig
demonstrated that it is important to keep temperature
constant during solubility determinations, Also during

disgolution rate studies, temrerature should be kept
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constent, just as agitation intensityand Qiffusion
ccefficient of the drug in any given dissslition
medium accordin: to MNoyes-hitney eguation of

S‘i = K8, (Cg - CQ)

This tem, r>ture effect is incorporated into the ccnstent,
Ke "his sc.un*lity zstimation determined the sie of
powdtr uged or sch in-vitro dissolution rate test,

vi) The iromoscd carsicrs havz laen screened. An insight
on hew triey any be used te prorote greater product
gtability and oiorvailebility. threough the solid
dispersions t2chrique hse heen 1:ined,
Mannitol and F7: 5000 have heen selected for coprrotive
studies, to find out which is be ter for product
formulation, The basis of further study hetween nmurnitol
and FEG 6000, would be in-vitro dissolution rote tests..

vii) The selected carriers in their highest possinle

concenirations in aocueous sclutions te Te encountered
durineg the various stageg of the project would not
contriiwute girmificontly to sbsorbence readings t.~t
would bhe i1ecoded ¢t A7%m J‘'ewever, approprinte meroing
of the e eciropbo*~noter with correct solutions o ‘the
carrier inrvo.ves n *ny given meosureme 't process would

remove every douvbt,

With trkes: fi cdines aznd strict edterence to their
provisions ag necessiry vrecrutions., i~ is exnected thet
gources of error in =11l emwrinentsl voerk in this sroject

would be reduced considcranly,
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CHAPTER TOUR

IN-VITRC DISSOLUTION R.TE STUDIES ON PC %) Ri

P -— - — e e e b w4 ¢ Se s

4.1 FRELARLTION CF S50LID DTSI'L\I%I‘?NS PHYSIC..L
Py I TR T R
5 S EE UL S B2 1 PUv G r bt e 1
TR0 T ST T :
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Introduction

rowders were prepered 2nd used for in-vitro
dissolution rate studies, to compcre the nure drug,
drug~corrier solid dispersions, and physical aixtures
disscluticn cheracteristics utilizing mannitol and
polyethylene glrcol 5000 es carriers, Drug: corrier
ratics of 1:17 were prepared both as physical mixtures

and £8 solid dispersiors, "The solid dispersions were

prepered bv the melting method,

Frocedure

A 1210 nitrofurantoin in mannitel melt was urepared
by placing © g of mannitol in ¢ clean, dry porcel:in
dish and gradually heated on 2 maraffin bath until it
started to melt at 1417, .t ttis voirt, 1 g of uve
drug was rdded a little =2zt = tine witl continuocue
stirrinsz, ‘1re finzal temrers ture of the molten nixture
wWRS 1&&“, ~nd *7d a cresamv, lustrous appearance, Tle
colour wns lenon-vellow, The molten mass was poured on &
gtainless sieel nlote and raridlr cooled by runniug cold
tap waier i1rder tie plete, The cocled solid moss g e
lemcn~yellow colour #ad ret irod its glassy, lustrous
appar—nce, The codled g0l1lid vis 1lcft to 4rvy ia &

degiccotor under rhosproeric oxide (phosnrorus roiutoxide)
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at room termernture for one week, after which it wz:s
powdered using mcertar and pestle, The powder was sieved
throush n get of st2andard sieves on a sieve sh~ker
operated for 5 rirutes, and 150/90 pm perticles
collected, t'cx the 1:10 drug-F7G 6000 fusion, Le seme

f'l"

procecure &f described nbove wrs followed, e crrrier
storted to w1t ot 56° and the firsl temperature of the
molten mixture wae “1°, The melt 'rd = lemon-yellow
colour, lustrous in appesrance, but this lustre
disappenred on cooling wrile the lemon-yellow colour

was retained,

The 1:10 nitrofurantoin-m2annitol physical mixture
was obtanined by blending 9 g of mannitol (powdered #nd
sieved 10 collect 150/901pm perticles) with 1 g of nure
nitrofurantoin powder simil-rly trested, The colcour of

the f£fin2l mixture wes leron-vellow,

The 170 nitrefurantcin - polythvlene glvenl OC00
physical nixture wes mreprred fol’owin;: the procedure
used in ~rep-rine the nitrefurrntoin-mivnitol 2 .vaical

mixture ivern =2hove,

The pure drug rcwder wes sieved and nerticles In

the 150/90 um size renge collected,
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4,2 ST.IBIIITY STUDIES OF TIE SCLID DISPFRSIONG
UENG TLC A UV SHECTRONIOTONETRY — T

Introduction
Thig investipntion aimed 2t assessing the stobility
of the prer:red 3yolid dismersions wes carried out using

TLC £nd UV smictropnotometry,

“ome 1zs2irch workers krve epvlied TLC, 'V, and/or

IR s ccize in evalurcing the strbility of fused nistures,

Chiou rnd Riep:Iman, (“97°h) used UV species and
TIC o test whather 2 cardisc glycoside (diritoxin
and sore steriods solid disrersed in F71% 6000 lLod
decorposed following *“he fusica process, Results
indicrted th=t IV spectra nnd nolar extinction
coefficients cf the pure 2nd nrocecsed drugs were
identical witiiin the limits of experirental error,
A Bingl2 37T with the 2.0 Df volue was found for both
the pure rnd processed comprunds on the TLC platese,
However, t.ie snrple of the processed digitoxin s:owdd
two acddilic =) grets. one sli~ttly derker and oie lighter
than the grows of rure digitoxin, The result »roiably
indicetec gom> Axcompogition of dipitoxin due to L:e
fusion nrocersg,; although it coculd not b2 detectoed by

th2 LV swectre,

Ceneidi et al. (1976) hove eppliad TLC in nerossing
nitrofurantoin. 2thotoin #nd coumarin colid dig crasd
in FRC 60200 »nd ropreciritnted with P/F 25,000, ‘‘rom

re3ulis obt2ined. TLC showsd thrt the érug/FTG 6000
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disversicm wns resolved into two separ=te spots of

Re (x 1920) v2lues of 52, 73, 3, and 78 for PNG 6040,
ethotein, niftrefursntein 2nd coum~rin respectively which
were iden'ical to the pure components., The
nitrofue: oot /17 25,000 conrecipitate was not resolved
intc fwo screr te spots as were coumArin/PVvP 25,200

and etlistoin/ V' 25,000 corrzaciritites, This nay be
atti‘uted to the existence of comnnlexation betwren

nitrofurrntoin and PVE 25,000,

Allen et 21, (1777) tave used both TLC and UV for
assessing the stability of some corticosteroids -r.ich
had been uscd in premaration of disrersion systeug,
Their resu'lte irndicatod thnt none of the corticostcroids
demonstrated crv d:composition product after beiog
subjectid to the prenurntion of the dispersion systems,
TLC rovesl oonoditionn] spots ard there was good
corres corar wit the rafercnce samnles, UV snectre
of the dlgnhorsin eystens iz deionized weter revdaled
no decomnnogiticr vroducts, #nd the ahsorharce vlues were
unchansed, - 1i~ t =mieoer dice2)ouration of the melt and
of the ccoled glnes wis observed during tie derxircese and
sucrose rloss formmtion pr-cess, irdiesting 7 nossille
g8ligiht decorrosgitiorn of the sugrs, The eolour chrnge
appeared nol to v interferred with the fast-relcuse
characters of ‘he corricrs,

Mes:~2i et £1, (1923) hove nlso renorted the use of

UV spectra cnd 717 chrrocteristics in evzluating the
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stability of trimethoprim in sugnsr glass disversicas,
Their results showed that all preparations of redvcing
and non--reducing sugars gave the some spectra as pure
trimethonrinm, #nd with the same wavelength of maxinum

absorption,

Procedure

Thin-laver Cbromstography (TLC)

A slurry wes formed by mixing 25g of silichr gel,
8¢ of caloium sulph~te and 60 ml of distilled water in
a round bettom flask, and then svwread evenly on
18%20mm gloss shcets, giving slurry thickness of 250 um,
The plates were left in 2 level position to dry and the
drying time wns one hour, The plates were actiivrted by
dryinz in an oven &t 100° for one hour, and then stored
in & desiccator until -« -vired for use, The solvent
syster .f ..celc 2: Beneénee: ilacial fcetic cid mixture

Co 20 1% v/v

was Hlced o cover the hottom of the trough to » deinth of
ebout 1cr:, ‘lie interior of the tank was lined with
Whatman f£iiter naper (ehrorotosraphy erade) to ennure
that the golverti comnletdly saturted the interncl
atmosnere of +he trough, Truilibrotion time of one
hour wes £2lowed, for e=ch run, To the nlates, snots
in aliquots o7 rbout 10 11 of C,1) clepholic solutions
of the -wre drug, drug/T ¢ 600C 2prd druvg/mennitol nelts
obtained by dilution were -~prnlied, “cm from the lower

edge of the nl=te, {(origin)}, The »I1ntes were developed
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at roon t:uper-ture and each run was stopped when the
solvent frunt had moved about 1%cm, f$rom the oriein,
The pl:tes were removed from the trough and alloved to

dry,

Detection of svots end Results

Plutes containing spots of the drug and its
preparations were visuslized by @ screened UV lishit et
a %ubnm, A~f valves of pure ritrofurantoin and % ~% in
the melits were found to be aprroximately 0,295, No
additional spots were loc~ted, These results re shown

in firure 4.1,

UV-tisibls ﬁgg;t onhotomztric Hcanning

10up wer ml, zqueous s=olutions of the nure drug
and melts were prevored and samples scarned from 200nm

to 450nn or the spectrophotometer,

Fesults
mere were no extre peaks, nor were there
significoent shifts in the spectra as comprred Lo spectrum

of the pure drug, The result is depicted in figure 4.2,

4,3 IN-VITRO DISSCLUTICN R.IW STUDIES

—— - e e ——

Introduction

Disegolution rote tests are intended to mesnsure the
time recuired for a given drug in 2n orazl solid dosnge
forn to ge into solution under a specified set of
conditio: s, ny such test ~frords &n objective nesns

towznls th: evrluntion of the nrysiologic availavility
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Figo 41 TL Chromatograms

A- Pure drug,
B- drug/ PEG 6000 solid disj ersion;
C:drug/ mannitol solid dispersion.
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240 280 320 360 400 L
; . Wavelength (nm) .
Fig 4.2 Absorption spectra for ure drug,.——(A); 10%drug- mannitol melt. (B); __ _

and 10%drug -PEG 6000 melt,(C). « . . ..



82

of the drug under survey Since drug absorption nd
physiolic;ic availabilitv e£re largely dependent umon

havinz Tie drug in the dissolved state, Suitable
dissolnution rmtes sre 2n importznt proverty of 2 good
tablet nroduct. liowever, it h2s been emphasized thnt
dissolution rate ie not necesssrily a2 measure of safety

or theraueutic efficqcy, which must be initiallv estebl ished.
through cprropriate in-vivo studies and clinical evaluetion
thouzh in some cases it has been nossible to correlecte
dissolution rates with phvsiologic sverilahility of the
drug, 'Missolution rate testing is done not only on
finished dos<ge forms but cnn also e used to assess the
charncteristics of the pure drug or the effects of
excipients, formulation; ~nd nrocessing or minufrcturing
variabliecs, /nother 2prlicotion of dissolution rate tests
is for in.- roceses ruality control to ensure that & given
phermeceu=ical. rroduct is uniform within the same hatch

and frorm ¢na b7 tch to “nothcr, For somec tir2 to ccne,
in-vitro dissolution rote tests cre likelvy to re fin the
princinal meonr of evaluating the rate of releasc of 2n

active corstituent from 2 tablet cdosmgz form,

TI:ere is at this tire 2 proliferastion of dirsclution
methods und apprratus, so much so that almost ever worker
in the field m~ry be ascribed one,

The crucinl test of a2 given in-vitro model is itz ~bility
to correlate in-vivo conditions, In the design z1d use

of » relinble in-vitro dissolution model, it is ecusential
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that, thit modei is cupable of simulating in-vivo
dissoluticn process,

Mo~

e D8 XG0T ane TTF XV dissolution apparatus is
descrincd rure, Podificotions which were made for
experiment:l purposes would be outlined,

The npharstus essentielly, consicts of e litre gless or
other inert matericl trensparent vessel with &4 sligltly
concave bottorm, Tt is fitted with a veriable sweed motor
and ¢ cylindricel stcinless steel basket, The whole
asgently is immersed in 2 water both at 37 L 2,5%, The
motor sinft is placed in the centre of the vessel tu which
the ton purt of the basket is attached,

The detachoble part of the basket is mede of welded seem, e
375 um stainless steel cloth formed into 2 cvlinder 7,66 cm
high ond 2,55cm in dicmeter, The motor is regul:ted
between 2?5 #nd 270 revolutions ver minute and is
maint2incd ot the rfte specified 1n the individu~l drug
monograp: within t 5¢, The vessel is immersed i the
constint temmerature bath “nd 900 ml of the dissolution

medium specified in the individuzl monogren pliced in it,

Exrerimental Fodificotion sdonted

1. The 1 li‘re glass vessel wns vsed »3 5 holder for
an amber-coloured, £07ml bottle (us-d here io =ecreen
the drug frem light during the runs), #nd 4°0ul of

distilled vater (dissolution medium) used



2., In plice of the cylindrical stainless stevl brulet
(unsnitable for holding powder sgamples having
particle size 150/90 um) 2 cellulose cylindrical bag
of a2tiout the same dimensions (made from hatman
No, 105 lens cleaner) was used, held to tie r~ior
gleft b neans of a rubber band, The sampling
nogitiun wie determined using the recommended guide
by the “ritish Frarmaccpoeisn 1980, Volume Two

( fizure 4,.3),

Procedure

for ecch in-vitro dissolution rate test, the
quantity oi rowder contmining about 150mg of nitrofurontoin
were accurztely weirhed directly into the cylindrical
cellulose bags,
The spezd of the motor shaft controlling the stirrer wes
maintoined nt 50 rom, and 400l of Adistilled water et
3T - 0.50 used during each run, At 10 minutes irtervels,
1ml quentiiies of dissclution medium were withdr~ym end
renliced with 1ml of pure distilled weter warmed to
37 L 0,5%, lsch withdrawn 1ml sample was diluted to 25ml
with distilled wnter 2nd “he ~bsobrnce of each sonm:le

recordced,

Calculations

Concentration of = ..bsortsnce
drug in dilute slone 0F the standard curve
solution

The concentration of nitrofMrentoin in each withdrawn
sample is ecual to the dilution factor multiplicd by the

concentration of nitrofurantoin in the dilute sulution,
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Fig 43 Assembled apparatus for determination
of dissolution rate

® = Sampling position

(From British Pharmacopoiea (1980)
Volume II, Her Majesty's Stationery
Office at the University Press, Cambridge,

p A115)



Drug cores
3 o VIR cumuletive dissolved drug was

calculated Jrom:

o cwnalt tive cumulative drug

o
(@

drug Jiss 1lved = dissoclved in ug  x A€

.

drug content in pg

'he drye:; content of the various physical

mikturce znd solid dispersions were determined
(table 4,1).

T=lle 4,1 = ivreentege deus content in
viricus drug-carrier combin ticrs.

—_—

e

Drug/carricr type % Drug content

-

Drug = 1wical \qi\: 7 njxture’ 100.58';;»
REQE =R oL ey 99,86%
Ur‘u;:’_’/u Y 60D ?__'\.;‘:r'fir,;gl mirzture 99.86?0

Drug/ oG 3000 =mlt 99,86%
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1

Percenteage nitrofurantoin

dissolved in water 2t 37 % 0.5°

Tim&- 2 A S 1 TN i W31 N [ VT A "

(min‘) i L,r{(., .-nlu(-!., LR.L.LI Ul--’-J(--L\J.uJ
i~ o C U 4

10 12,6 0.7 128 6,2 14,4

20 15.3 9.8 15.6 9.3 20,2

30 15,59 121 18.0 123 26.5

L0

19.7

1544

29.3

50 17 o4 152 20.7 13.4 32.0
60 97 3 15.4 22,8 2242 37 4
70 153 1842 24,9 24,8 46,3
80 13,5 19.0 26.1 26,2 5345
90 18. 0.4 27 .6 2721 59.0

rurs drug

B: 10w cdrvg~monnitol physicel mirsture

C: 100 drur-mannitol solid dispersion
D: 10; drug-t G 6000 physic=l mixtur:
E: 10 drug-iisG 6009 solid dispersion



4.4 Results srd

discussion

Table :,7 snows the percentage of
nitrofur:rtoin r:lezsed from the respective
powder scuicles, ilge. 4.4 graphically
represer s S.e Line dissolution profiles for the
pure drw o o oosie2l mixture, and dispsrsions
of the ¢ri. i1l wnnitsl =#nd PEG 6000, The
firal rio-l.5 bave shown that while melts of
the dru;, vits F8G 6000 have dissslved more then
3 times #i Lo Dur: drug, thosse »f mennitol was
only; ore «rd helf times better rel:ocscd thun
the pure dru:s, .hHe relesse of the drug from
the physic.i qixture with p.G 6000, w's only
about hilf tne totil relocsed from the fusion
with the so0w carrier, On the besis of
better reli:ise of drue from the FEG 6000 melt
compured Lo the mennitol melt, it wis decided
that vorious drug-: !'iC 6000 retios be prepared
and cori 2y 0 e rmin. the optimum drug-carrier
combini . lor,

By 20, Ty 30, 424 “nd 500 nitrofurantoin
so0lid d.s;cr. iune were prepir.d by the melt gnthe
as dcserit @ ewrli:r, Durings the prepurition,
the follo:iur observetions w.re made (rables 4.3

and &4.4).
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Tatle 4,3 -~ Fhysical characteristice of the

freshly molten drug- PEG 6000
solid dispersions

- —

Amount
of drug
¥

—_— o —

i

10

20

30

40

50

Tempersture Colour Appearance
(og)
01 lemon yellow lustrous and
glessy
a1 " " " i
r’6 " " " it
76 " n Viscous,
lustrous ~n2
glassy
84 Deep lemon Highly wviscous,
yellow slightly zl:ssy
34 " semisolid,
slightly

glassy,




18]

60 1

A,

50

40

(&%)
(@]

N
(5

% dissolved

-y
o

L

L T L4

0 10 20 30 40 50 60 70 80 90 100
Time, iminutes)
Fig-4-4 Time -percentage dissolution profile for pure drug; 10 % drug-manr itol
mixture; 10% drug- mannitol melt; 10 % drug -PEG 6000 mixture an10 %
drug- PEG 6000 melt A—x—x——xpuredrug B---e---e---edrug- mannitol

Wiy
mixture; C---+---+---+drug- PEG 6000 mixture; D s——s——e-dru j-mannitol
melt; E—o0——0——drug-PEG 6000 melt.
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Table 4.4 - Fhysic-1l characteristics of drug -
Fau 6500 coeled s>lid :

Aispersions.

Amcunt Colour Appearance
of drug
(%
5 Lemon y:llow Non-glassy and ptle
1 D i " " ] sl
20 " n n "n i a
3{) T " " n I i
40 eep y " " o " more pale
50 W 1P " i n " i" i "

Drug content determinttions done on ciach of
the solid cdispcersions showed that nitrofurantoin
content were 23 shown in toble 4,5,

Discolution rete studizs reedings obtained
from thc v rious runs for the %, 10, 20, 30, 40

and 525 drug/iNG 6000 =so0lid dispersions are

pres need L0 0 Bles 4,6 and 4,7 while figure 4.5
is e .1 « royresentationsy

The fra in the s50lid dispcrsions appesrs not
to have ua’27vone ~ny choamlenl chunge. Gvidence
of therm: i d..rodstion has not b.en found,

Results o¥ outin 1L "nd UV sp-ctrophioton:tric

evaluations inve confirm.Z the st "ility of the

drug in the rusion process,
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Talle 4,5 - Drug cortent of various
drug/FEG 6800 solid dispersions.

Amount % drug content

of Adr
(% ~/w

5 99,86
10 99.86
20 99,14
30 99.00 .
40 99,80
50 100.58

The v2lidity of these <vsluctions is ~ttested to

by varioue rese~ts, (ALl:n gt 21,, 19773 Meshzli
et 21,, 1983; Geneidi ¢t 21., 19765 Chiou and
Riegelmin, 1971b; Corrigin «nd Timon:uy, 1976
Results of L °nd UV spcctroprotometric assny were
furtn:-r covtirmaed by rosults ¢f the drug content

deterain- tida in the drug=-c.rrier physiccl

mixtur. . g~1id disoersions.
= ot inevitro disszolution tests

botween o o diwol nd 126 €000 revesrled thit

PEG 6000 is = W-Ltur ¢ rricr th'n mammitol, Hence
the selection of ILG 6000 for uss s ¢ rricyr in
vzried drus-c.rrily proportions of 5, 10, 20, 30,

40 snd 50..
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Yable 4,0 "dssolutior of drupe in water from
yericus s~lid dispersions at 77¢
(L}

Tiue _ )
(min, ) Cumul~tive percent~ge dAissolved

10 -".f.‘-.?? 14 19,8
20 5.5 20,2 2342
30 29945 26,5 27.7
Lo 33,0 29,3 31.6
50 3645 32,0 36,6
60 e, & 57 ot 40.3
70 47,2 46,3 43,0
80 O, 7 555 48,2
on 535 57.0 5342
AT 5% drug/isG . 2,-: 40 drug/PEG €000,
C: 20;. drug/HLG 6000
The result of t'e initi<l dizsclutior rete, indicnte that
there w.s merit in the rrevsraticn of drug/carrier solid
dispersicn 28 2-rinst sin~le nhvsical nixing, This les
confirmed similrr indic=ti-ng observed ly various workers
of the effect of solid dicoersion on drug solutility,
dissolutior ard sisorntion chorscteristics (Coldberpg et 81.,
1965; Catou and hicgelr n, 12533 Chiou rnd Niszi, 19713

Corricnn ud Timoney, 1¢76: Geneidi et 21., 19C0;
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Tabhle 4,7 Dissolution of drug in water fron
virious solid dispersions nt *7°

(1)

— b P S o e e T L T LI e e

'{:;;“: ) Cumulative Ppercentipe dissolvad

10 R0 15.7 147
20 22.5 16,6 N7
30 2546 24, 20,1
LO 25,2 24,9 20.4
50 “3 .4 29,2 2541
60 5749 33.0 26,0

-llg L

70 452,75 35,7 2.6
20 47 .5 9.4 L DR
a0 504 L2.5 36,8

B - - - — e e cmes scassw C f 8 Sme —

A: 30% drug/s.c G0UD, B: 40% drug/PEG @000,

C: 30% drug/PEC 6000 :
Rloch et 1., 1982, Uesl'pande and .\grawal, 1982

Mes

]

et 21,, 17971} to nention 2 few, The fact thet
the phyeics i uixinures ol the drug with various crrriers
have dis lrved “etter d'ssolution thean the pure drug is
suggestive of the erffect of loczl solubilizatior on the

solubility of n drug suvistence (Goldverg et 2i., 196Gc)
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%

60 1

S0

40

30
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10

b

A - " 1 i - 1 A A

0 10 20 30 40 50 60 70 80 90 :uolv
Time {minutes)
Fig- 45 Time - percentage dissolution profile for 5, 10, 20,30, 40,and 50 %
nitrofurantoin solid dispersionin PEG 6000.
A 0—0—6-5% drug in carrier, B —x—x—10% drug incarrier
C —+——+—20%drug in carrier; D - - -@---®---® --30%drug in carrieq
E ——o—-—a40% drug incarrier; F -0----0----0----50 %drug incarrier.
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It is poseille thot this local solubilizetion ploys &
role i en urcing <rug dissolution from the solid
dispergiene leong with the mechznism of particle size
reduciicn < ud other foctors (such 2s the formation of
rapidly scliiile ~lph2a solid solution (Goldhers et al,,
1966¢ ) .

‘he comorative study on solid dispersion with
vary " ; drug- cerrier prorortions hrs indicnted twrt the
drug: carrier molecul-r weight ratio of anproxim tely
240:6°00 (i,e 4% drug in corrier) would probably =ioduce
the r-iatest dissolution enhmncemert for nitrofur~ntoin/
PEG € 730 selid cdispersion, In fact, the tendency has
been :»ards this, with the 5Y drug-carrier solid
dispe "*icn having 2 relezse percentge of 59,5 and the
SG. prosrtion wving only » relense percentage of
26.8. Tn viey >f tre bul of the resultant tablet, if a
5% dm g in T 0000 combinmtion were used, the 30°
érug/! .0 00 snlid disrersion woe selected for
formu wticn stadies, This wig ir 2 bid to re:ci: a
cenmae Lise and still be able to preoduce #n ontimnld
tabletv formulan, Tt is exnected that with this Iormula,
an ex:essively bulky trblet would not be produced, =nd
the tiblet woild have an antimum totel -~elease us well

as rvtz of relense of drug coniert,

tor thns? sf€ts of comrarstive irn-vitro dissolution
« 3tudics, thc dissoluticn medium has been gl~ss

Aletillnl veto-,. Though, this is not the dissolution
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medivn mentic ocd 10 the menogrzpn for the drug, it ves
selucced for ‘i) its simplicity; (1i) to study the
effect of ro* simulating any one ~ziven gastric fluidg
ar c*1 “a the lipght of allegation of inconsistencies
in v o aderiying officiel USP dissolution rate

o

gro- 4 | ‘e for nitrofurantoin (Rates et al,, 1973),



o8

CHAFTER FIVE

FURGJLATION 5TUDIES AND EVALUATION

561 FORMUI . (TN 4D URODUCTION OF WIfROrURATOIN
TABLI#TD

Introducticn

Ti.iz p vt of the study was undertaken to
invest ate the eflect of (1) molecular drug dispersion
and (i | c¢w. = in excipient on overall drug product
quality. 2 ‘etz were formulated and produced based on
the wo rin: Cormula in table 5.7,

i.ble 5,1 Composition of prepared tablets oF
30mg nitrofurantoin,

- JuantIties Tsed

—— - — fhm e ———

L ——

per t: blet per 200 _
Constitrents % (mg) tablets (g)

- - - L

Drug 27,0 50.0 10,0
D 1=~nt (carrier) 45.6 116.5 2%
Disintegrant %3.0 B2.5 15.5
Lubrieant 0.2 0.5 0.
Glid~nt 0.2 0.5 0.1

e

. - - —. - - [ ———

—— —— - = . -
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Three cifferent tablet formulae were produced by
using different diluents in the same proportion thus:
In formulations &, B, and C, the diluents are Avicel
PH 101, PEG 6000 (as a simple mixture), and PEG 6000
(in which ‘the drug had been dispersed as a 30% solid

dispersion) respectively,

Though no particular conventional or commercial
production formula was used, the objective was to produce
high guality tablets in conformity with current gquality
control standards and suitable for comparative
bioavailability studies, with no intention however of
making absolute comparison with existing commercial

nitrofurantoin tablets,

Prosadure

The disintegrant, starch granules, (selected after
a preliminary study) was prepared from maize starch povder
and 10% starch mucilage.
kneading of the starch powder with the mucilage was done
and the wet mass was granulated through 1.0u sieve
then dried overnight at room temperature,
The dry granulation was done using & 0.8u sieve, and the
granules packed in a clean, dry bottle from which reqguired
amounts were taken from time to time.
The éxact constituents and quantities used in

formulations A, B, and C are given in table 5,2,
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Table 5.2 Cunstituents and guantities used in
cdicferent nitrofurantoin tablet
‘ormulations

CUANTITIES USSED IN FORMULATION
CONSTT MUEI A g B/ mg C/mg

~

Nitrof wrantoi: 5040 50,0 50.0
Polye iwylene ili,coi LUl = 116.5 16,5
Avicel PH 101 116.5 - -

Starch granules 82.5 £2.5 82,5
Steari: acid oD 0.5 0.5

Tale 0.5 0.5 0.5

25N,0 270.,0 258:0
A: 30% diuig/..vicel (physical mixture)
B: 30% dru /1 4G 6000 (physical mixture)
Ce: 30, tus/IiG 6000 (solid cispersion).

The technic_.i Jiiferences in the manufacturing

processing oo LoLerent formuletions now follow:

Formulatior ..

A homogeres = io2nd of the reqguired guantity of the
drug and ivicel % outaldned Ly mixing in a cube mixer for
10 minutes, at * e:d of which, the starch granules
stearic acid and o ic wer: added and mixed for 10 minutes,

The resultin: _raoules were compressed using 10mm
dies and flat pu ci,23. producing flat tablets with

bevelled edge:: »i  :ing I50mg cach prepared using a
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single punch tabletting machine and a constant Corce of

about 7kg wt.

Formulation B.
The PEG 6000 powder was blended with the drug

powder in the cube mixer run for 10 minutes, The reocuired

amounts of starch granules, stearic acid, and tzle were

added to the mixture and further blended bv running the

mixer for another 10 minutes. The compression process

was same as for formula A,

—— e

The recguired quantity of the drug-PEG 6000 solid
dispersion powder was weighed and blended with st-rch
granules, tale and stearic acid in the cube mixer for
10 minutes, The granules were compressed into tablets
using 10 mm, dies and flat punches to produce flat teblets
with bevelled edges,

5.2 TABLET EVALUATION AND TESTING

(a) ORGANOLEPTIC PROPERTIES

- -

The result of the organoleptic examination of
tablet diameter, thickness, colour, shape and
presence or absence of coating is presenied in
table 5,3,

(v} EIGHT VARIATION

Twenty tablets were individually weipghed and the
mean weight also recorded. Table 5.4 shows the

individual tablet weights, 7S,
.f
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Trble 5.3 Crg"ncleptic oreperties -f
ritr~furantcin tablets,

FOCRMULATIOCH
i'roperties evaluntad " B C
Telhiet diometer (mm) 10,5 10.5 10,5

thickness - 2.70 2,74 2.7

i colcur lenen lea lemen
yell~w vell a7 yellow
¢ shepe flat, fint flrt
Lovelle  havelloc! bevelled
rr.ve eloe edpe
ceating Fene Vene None

Ge 3 rur/ crioel{physic2l miyture) By 300 O
G 600 (yrreiezl mixture)

g/

Ce 208 Orus/TIT AONO (s~147 dispersion},

craelusion

acccrding to USF XVIII, for tohletr nhaving everege
wei~t betw22n 130mg tnd ?24mg, tre officiul Jeviatinn
in nercentrge ~brut the averape is T R ceing 20 tablets
of which not more than 2 tnblets mav tevitie for the batch

to be satisiactore.

Since nc batch crntzinegd tandblets wiic: Jeviated
by more thzn 4,.8Y [fermulstion B), the thrae Latches were

sntisfnctory in respect ~f uniformity of weigsht,

{c' H'RDERSS
The herrtness of the tablets in Li:e three batches
ver: ~easacend using the lienannte tablet hordness

tester. Fror =zch boitoh, 3 2ifferent zets of five
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Table 5.4 Tablet welight variation

- a s e

FORMULATIQON A B C

Tab, Tablet Tablet % Tablet %
No, weight V ri tion weight Variation weight variation
(me, rom poen (mg) from mean (mg) from meun

25€ A T+0 2HbH +1.6 256 +1.3

.)-5? T .‘:J .:)C. --3.-'2 .’(:bo ""‘T ¢1

5 240 -l & 250 -1.1

O VO O =N o0 v & W N 2
v I |
-~ \ e Y
J (V5] {64 %
1
. 7
N
s
(%]
L
.-‘
8
PO
M
b
\J
4
o
-
\(p’

11 25% +0.4 253 +0.4 257 +1.7
12 2446 - 257 +2,0 249 -1.5
13 248 «Ti 25 -0.42 248 -1.9

14 252 - 255 o e 255 0.9
15 257 4 255 +71.2 249 -1.5

16 251 T 54O «} .2 354 0.5
17 24 ~C . 245 <28 257 1.7
18 253 + G b 250 +3,2 249 -1.5
19 25 192 L 250 ot o

Weight _
(mg 252,00 252 .05 252,60
A2 30 drug/avicel (prysicel mixture)

E. 209 drug [fivicel (phyzical mixture),

C: 30% drug/PkG G000 (solid dispersion),
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Tablets pur set were examined. The result of the

test 13 shown in table 5.5,

(a) PRIABILITY
The tests were corried out using ERWEKA
friahilator. 20 tablets per botch were brushed
lightly to remove surfrce powder nnd weighed
acecurctelv, The tablets were allowed to drop from
8 distonce of & inches in a drum rotating ot speed
of 25 r,pr.m, operated for 4 minutes, after which

the tablets were dugted ond agnin weighed,

Tablet friability in percentage is given by:

Chonre in weight of 20 tablets 100
Original welght of 20 tablets x 1

By official standards, a test is deemed satisfnctory
if weight loss is less than 0.8Y (Gunsel and Kanig, 1976).
A summary of the results obtailned is presented in table
5.6 and it shows that the three tablet batches sntisfied

the official requirements in respect of friability,

(e) UNIFCREITY OF CONTENT

Procedure

10 tablets per batch were individuslly tested,
Each tablet was powdered and 25mg portions weighed
aceurately and dissolved in water and the volume made
up to 250ml.,
5ml of the agueous solution was diluted to 50ml and the
absorhance measured at 373nm,

The result of assay is shown in table 5.7.
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Hardness test result for

tablets
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Tablet o HARDNE3SE RECORDED h
Number (kg. wt,)
Formulation &« B c

1 5.4 546

2 .0 4.8 4,6

3 ol 4.8 4.8

" .0 .2 540

5 ! Lu4 )
MExN a iy o 3L, 4,92 b o2

The tablets c
Az 305 drug /A

drugf |

-

|
Q
-

G ow
:._:‘:

drug/ FEG

ontain

vicel (physiczl mixture)

£G 6000 (prysical mixture)

G000 (solid dispersion)

. a8



Table J.5H

Tricbility test results of
formulated tailots.
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Formuluation A B cC

Original Jei ht (g) 905 5.0Y 5.09
Change in ~eiztit (g) G0 0,01 0.01
Friability (i) 0,10 0.21 0.2%

[ TP

ﬁ;. S0% dreug/avicel {(physical mixture)

-

C: RO drug/FEG 5000 (solid dispersion).

Lo 0% drus/riG 6000 (physical mixture)
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Content uniformity for nitrofurantoin

tablets.

ormulation
D~ c -
Tablet L prug P brug %
Conte diff Content diff Content diff,
(1 (mg) (mg)
50,30 L 50.30 +0.6 49.58 -0.8
506,30  +0.€ 50.30 +0,6 49,58 -0.3
50,0 +(0o6 49,9% -0.1 49.:93 ~0.1
46,50  =0.& 49,58 -0.8 49,58 20, &
45,595  =0.1 49,93 =0.1 4958 -0,.8
49,93 =0.1 5C.30 +0.6 49,92 =01
49,5 -0, 0 50,30 +0.,6 49,58 -0.8
50450 30 49,93 -0.1 49,93 -0.1
50,50 ).o 49,58 -0.,8 50,30 +0,6
TTRG,0L =0.8 49,93 SU,T° 507307 +0.0
A: 3 .7:;;;/.v13o1 (physical mixture); -

g

™1 ;’

i

G 6000 (physicel mixture),

3 €000 (so0lid dispersion)-
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Conclusion

The of¥ici»l position on this tablet proeperty is
that if tue individual monograph required testins ror
content uridioiwuity, 10 tailets snould be assayed and
of the total, © must assay within + 15% of the decl-1red
potency and none may exceed + 25%. Thal if not more thin
2 exceed the 159 limit, 20 tablets orf the 30
repres 1t tive tablets originally selected are also
assayel Tlone of these mey fall outside the limits,

This iu accuwiing =¢ the USE XVIII, while accordin; to
the NF XIIl ¢.olv ne of the 30U tatlets is permitted to
fail tie (e

The . .1latz in the 3 hateohos passed the test for
conten: w:.idcorwmity, since none of the tablets assayed
was oulside the - 155 1limit,

(£) DISIMIZ. 710N TIME
Tle tine token for © tablets per batch to
disintegrate in w=ter which had a constant
tempercture or 37 + 0.5” was recorded as shown in
teble 5.4.
(g) DISSGUTING R.THE

e toblet per run was used iIn this test. 7The

bitgitet .- Lod wes used, with each tablet contained
r ke 7., nd the motor shaft rotating at a

swed - A0 15 LTI o T i
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The volume of dissolution medium (distilled water)
was 400 ml v..intzined at 37 + 0,5°
At every rung Sul of solution was withdrawn, filtered
using millipore filter He 0,452, white grid, 25mm, and

2ml of the riltrate diluted to 25ml and the absorbance

i

measured, 373n, ine recorded abhsorbances are the metn
of 3 runs,

The absorhaiczs and czlculated cumulative drug
concen:rzations percentzges are presented in a tabular

from in talle 5,9 and graphically in figure 5.1,

ataie 5.8 nolet disintegration times,

DICTHTLGR-TION TIME

FORMUL. TION [riinutes/
A D5
B 10.0
C 10.0

A3 3. drug/.vicel (ohysical mixture),
B: U0 drug/PEG 5000 (physical mixture)

C- Y drug/iEG 000 (solid dispersion),
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Table 5.9 Dizaolutiosn of rnitrofurantoin in watcer

(rom Veirlous taubled

: s oty
sormulations at 37

Formulatiocn B c
et “?. - % e o B
(min.) Dgsanl. Dissol, Dissol,

10 55.8 6.5 3343

20 65.% 5846 52,6

30 6£8.2 66.7 81.4

40 7158 68.4 95,2

50 Th 2 77.0 93.2

60 . 61.0 96,2

70 7a 4 84,86 9.2

g &

110
120

A: S0 drmg/avicel [fhysical mixture)

B: Qe

C: 30

85.8

100,0
100,0
9.7
99.7

29.1

drog/FEC 400) (Fhysical mixture)

itve/iBEG 500D (£0lid dispersion),

- W el
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Time (minutes)
Fig. 5.1 Time - dissolution profile for tablets made
from drug- Avicel physical mixture (A); drug- -PEG

6000 physical mixture (B); and drug- PEG 6000
solid dispersion {C).
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5.3 RISULIF JiD_DISCUSSICN

My thwe  ve~ *ahlet formulations produced, the
results of che qu~lity control tests have attested to
their conpliance with official standards, The tablets
were produced Ly direct rompression, O0Of the three
farmulations, tnat produced using ifvicel consistantly
exhib t2d minor deviation in respect of mean wéight,
hardnc 33, frichility, but considerable deviations in
resr~ct of time disintegration and dissolution.

This §: indicziive of one fact that any in-built tablet
forruli: devi .ion tends to be transmitted to affect the
ganes . cnersectiristics of thet product. This supports
the c\ ~'z4i thinl ing of industrial pharmacists that the
qualits ol & givii. formulation he 5 to be built into it
(hence ‘re eali I.r in-process qu-iity control tests) as
against empl=is on the quality control testing of the
finiched ;. :iuv.s wich the results of the quality
assurance tes.s, the three tablet fo. gulations would now
be subjected to further in-vivo absorption comparative
studies, lMeaawhile results of the in-vitro dissolution
study e¢stoblished the superiority of formulation C
compared *to il Jormulation made from drug/carrier
physical mi:iv~ "45 pgreater drug dissolution from
formulacin, *. © ; have been due to any one or a combinition

of thece wrcoh risms:®
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(1) 1loc'l solubilization

{(2) incre.sed drug wettability

(3) pariicle size reducticn viaz the formation
ol either rzpidly soluble solid solution or
eutectic mixture,

"t is onzd thet 2 definite mechanism or pathway

by which ii.i: observed increased dissolution rate wus

brougrt ahoul would soon be investigated and resolved,
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CoalPToR  SIX

BIC..VALLABILITY CTUDIES

e ———

In chepter one certain basic and general princiyles
pertaining to drug nioavailabtility were discussed, In
this project, in-vitro dissolution 2nd in-vivo
absorption correlation in nitrofurantoin tablets h:ive
been investigited. «n in-vivo study has been carried out
to evaluate the effects of (1) solid dispersion
(formulaticy  versus formulation3) and (ii) change in
formulativn conciituents by replacing the inert excipient,
PEG 6020 uiin -ncther one, ~vicel P¥ 101 (formul:tion a
versus for ul-cion 7, on the dissolution and absorption

characterictics of nitrofurantsin.

Nitrofura:loin is not a new drug, but since the
formulations in the project cre new ones, the need .rose
to fulfil cumpendial regulztion that bioavailability wust
be considered., (" he Pharmzceutical Codex, 1979) .
Previous worlers have utilized dirferent methods for the
quantitative determination of the drug in biological
samples, Zou2 of these workers and the result of their
work have '¢22 dlscussed in chapter two, Others wio
have done 2012 work in this are: would now be briefly
introduced.,

Buzard et 1., (19%6) developed < simple colorimetiic

method for the determination of nitrofurantoin :ad two
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other nitrofurans in plasma,

Conklin and Hollified, (1965) introduced the
nitromethane-hyamine proceduire for the determination of
nitrofurantoin in urine, The procedure was modified for
cesey of the drug in whole blood or plasme by the same
verkers in 1966, The modified procedure has a
sensitivity of 2 pg per millilitre and has been
reported to be specific for nitrofurantoin, but
inadecuate for cuantitating nitrofurantoin blood levels

in subjects who received normal therapeutic doses,

Mattok et al, (1970) introduced the improved
nitromethene-hyamine method for use with bloocd samples.
Ir this method, smaller blood volumes (0.8ml) were

recuired end the sensitivity was 0.2ug per mililitre,

Conklin and Hollifield, (1970) proposed a modified
ritromethane-hyamine method for the estimation of
nitrofurantoin in urine, in the presence of phenazopyridine

end its metabolities.

In most of these methods, studies in humans were

ccrried out on normal hhmean subjects,

After a survey of the literature, a search for
rergents, chemicals and eauipments was carried out,

On the basis of available reagents, chemicals, and
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equipments, the Buzard et al., (1950) colorimetric
determination wes stundardized., .fter establishing

its reproducibiiity, it was adopted for use, The
original autnors had recorded that the reaction involived,
was specific for nitrofurans and had a recovery of 100
{(nitrofurazone), $25 (nitrofurantoin), and 97%

(furazolidoae) respectively.

The met .0d i1s hosed on the formation and
golaorimetric estimation of B-nitro-2-furfuraldehyde

phenylhydrezone,

6.2 DESTIGN AND FROCHDURE

6.2.17 Absorption spectrum for S5-nitro-2-

furiuraldehyde phenylhydrizone

Procedure

To determine the wsvelength of maximum ahsorbance,
of H-nitro-2-tfurfuraldehyde phenylhydrazone in toluene,
a Gug per millilitre agueous solution of nitrofurantoin
{obtainsd %y discolvins 50mg of pure nitrofurantoin
in 50ml of !, J-dimetnylformamide and serially diluting
to give a jug prer ml solution of whieh 1.5 wml wis mude
up to 3mi with woter)., It was derivatised by adding
1mi each of 1.5 phenyihydrozine hydrochloride and
5N hydroci.loric acid, in centrituge twhes. The tubes
were mixed by shaviny cnd hested for 25 minutes at 700.
After coeling ths tubes for 5 minutes in cold tap woter,
extraction wus dorne by adding Sml of toluene to e=ach tube,
and shaken vizorously for 25 to 30 times and then

centrifuged, The absorbunce of the clear toluene layer
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was scanned on the spectrorhotomecter from 370nm to

470num, with nure toluene as blank,

Resulis

The assoryances obtained are presented in tauular
form (talle 7,1 and graphically as abscerption spectra
2 N T
{fig, C.1). .. N max of L2irm was record-d.

Teble &,1 psorntion spectrum for

5-nitro=2-furfuraidehvde phenylnvdr:zone
in tolucre,

Wavelenzth  bsortznce Wavelength Absorbance
(nm) { nm)
370 0,080 L25 0,360

375 0,097 430 0.354

A0 0.120 435 0.3734
384 0,140 L40 0.239
390 0,968 45 0,267
395 L G Lv0 0,233
400 D713 L5 0:1%4
405 T2k Lo 0,169
410 2,270 LEs 0,140
415 (' 307 L7¢ 0,124
420 0440



T8

426

(131
Q@ )21
&
®)
e
?
<

M A

I [ It § | i ||v
0 370 390 410 430 450 470

Wavelength (nm)

Fig 6 1. Absorption spectrum for 5 -nitro-2- furfuraldehyde phenylhydrazone in toluene



6.2.2 LAMBERT=s5:R'S FLOT FOR_5=NITRO=2-FURFURALDEHYDE
PHENYLHY OR..2CNE_IN TOLUENE

Introduction

A leubert-Deer's Flot was constructed on pure

nitrofurantoin, at the wavelength of maximum

absorptic. ("\m.x., &426nm),

Procedure

50, o7 pure nitrofurantoin wzs dissolved in 50ml
of N. ll--dine i~ iformawide the solution was serislly
diluted 7.1 . ter to obtain a 20 ug per millilitre

solution, C.2%, 05, 1.0, 1.5, snd 2.,0ml of the 20 -‘ug/ml
solution were uliced In 9 separate centrifuge tubes and
each tube mede up to 3ml with water, The derivzatiis:tion
and extrection procedure outlined in 6.2.,1 was folloved, -
The clecr toluene leyer was anzlysed at 420nm, using

toluene as blamk,
Resudits

The results of the analysis &re presented in
table 6.2 and figure 6.2, The method had a senzitivity
of 0.4 pg ver ml., and linearity up to 1.2ng per ml in

the Lawlert-3eer's plot, The slope of the graph vwis 0,31,
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Tabtle G.¢ sbsorbances of S5-nitro=2-furfuraldenhyde
phenylhydrazone solutions in toluene

Concentratjon of toluyene extract Absorbances*
zﬁ” per ml (426nm)
0.2 0.05C
O, 0,126
0.8 04254
1.2 04374
1.6 0.430

6.2.3 DRUG RuCCV.2"Y <104 WECLY LOOD

Introduction

e deteraine the level of drug recovery from blood
apacimen, U.c ne volum:zz of the 20ug per ml stindard
solutim ¢ citrofurantoin in water as those used for
plotting the Lémbert=seer's plot, were again

extracted .. ter derivatization in the presence of blood,

Procedure

0.25, 0.5, 1.0, 1.5, and 2,0 ml of the 20ug per ml
arqueous solution of nitrofurantoin were diluted to
3 ml each using humzn whole blood, The derivatization,
extraction .nd estimation =t 426 nm were same as

desclﬁih?(r 1--.’-1 .:-.&‘ 01 -
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Fig- 6. 2. Lambert - Beer’s plot for S- nitro -2 -
furturaldehyde phenythydrazone in toluene

1-6



Teble 6.3 Recovery of aitrofurantoin (as 5-nitro-
2-furfuraidehyde phenylhydrazone) from
whole blood,

S — S — S —— S B e e W B & e—— 5 i

lbgorbance Drug quantity Drug quantity Recovery
"h26nm) added found (%)
(pe/ml) (pe/m1)
C.053 0.2 Q17 85.0
0,105 0.4 0,34 85.0
0.217 0.8 0,70 87.5
0,322 V02 1.04 86,7
0421 1.6 1439 86,9

o ee—— 5 e e e e S s - e — —

Results and discussion

An extraction efficierncy of approximately B6Y
from whole bleood of S-nitro-Z2-furfuraldehyde
nhenylhydrazone has been recorded in this study. This
irplies that for realistic estimation of plasma drug
concentration, a correction factor of 1.163 (i.e
woetever plasma concentration is recorded, each
determination must be multiplied by the correction
frector) must be applied. This is necessary because
this set of estimations, the Lambert-Beer's plot
18 constructed with values obtained from extraction
of nitrofurantoin from water and extraction from aqueous
solutions in the presence of blood have not bheen

exectly equivalent,



6,2.4 IN=VIVO ... . ION SQUDTL. Uf NITROFURANTOIN IN
HUMAN VOLUNTZSRS

Introductiun

A totel or three healthy human volunteers (adults
males; ages <1 - 3U; average height, 1.72 metres:
average weil:t, 04 kg) took part in the study, The
volunteers were Lo be screened to exclude the following
defects:

i) ren2l impairment
1i) 1liver dam ce
1i1) glucosé-O-phnsphate dehydrogenase (G6FD)
deficiency

iv) ni:lorr of allergy to nitrofurantoin or

structurzlly relited compounds. But for re:i.sons
of nun availzbility of materials and facilities,
thie screening for liver damage and G6ID

loliric ny r2re not carried out. IHowever,
medical advice was sought and assurances were
given that if zany adverce reaction is detected,
in any wolunteer, dosing would be Stopped
immediately,

Eacl. volunteer was orally ziven a single dose of
100mg nitrofurantoin, on the day of the test, with 250ml
of drinikin: w.ter, Only one day wus devoted to the study
every week, .. w.shout period of zbout 7 days was allowed

between tiiz wee''ly drug zdministration, Food intike w3
restrici.d luasin: the entire test period of about 4 hLours,

Caffeire, .lcolol ind smoking were prohibited in all

subjects during the stndy. The d”y precedinys the duy of
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test, eaci volunteer had supper followed By ut 1..st <i ht
hours of overnight fast (i.e no snazcks or breakf st
were allowved)
Erocedure

On the day of each test, prior to oral ingestion
of the 2x50m; tablets, zporoxim=tely 5x1 of blood
specimen were collected by venipuncture, The speciumen
were placed in szmple bottl s containing seyuestrene
(anticoegulant), Further blood collections were mhde
from 2ach volunteer at €,5, 1, 2, and 4 hours after the
administpation of the drug. £50ml of water was
administered to each volunteer every hour during the
study, %he vol nteers were al.owed food ad. lib.:fter
the last s.~cizen of blood (aprroximately 5ml e ch
sampling) h.d ‘“een collected. 7. latin-square

creoss-over design (table 6.4) w. used for the study,

Table 5.< Letin square palunced cross over design
used for the in-viv: absorption study,

Volunteer 1 2 3
Product token (week one) i B ¢
(week two) C \ 3

e
»

(weels three) ;
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Analysis

The blocd specimens collected were immediately
labelled on collection., The samples were not pocled but
assayed separately,
The blocd samples were initlally centrlfuged to sepzrate
the componants from plasma, For each estimation, 3ml of
plesma was placed in 15 ml centrifuge tubes. perivatisation
was done byadding 1ml each of 1.5% phenylhydrazine
hydrochloride(freendy- prepared) and 5N hydrochloric acid,
The tubes were mixed by shaking and heated at 70° for
25 minutes, After cooling the tuhkes for 5 minutes in
cold tap water, 5ml of toluene was shaken vigorously
about 25 to 30 times and then centrifugerl. The absorbance
of the toluene layers were determined spectrophotometrically
at 426nm, with pure toluene as blank. The absorbances of
the control plasma (that ohtained prior to administration
of the drug) were subtzacted from the absorbance of the
Plasma specimens obtainea after the ingestion of the
drug. The amount of nitrofurantoin present in the tube
was given by dividing the corrected absnsrbance by the
slope of the Lambert-Beerls plot an? multiplying by

the correction factor, i.e.

nitrofurantoin = absorbance x 1,163
concentration G.31
(Mg per ml)
Results

The results of these estimations are presented in
tables 6.5 and 6.6 and the graphical representation

is figure ©,3.
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Table 6.5 Plasma drug concentration versus time

D L L R )

Formulation i R
corrected plasma drug concentration
(pg per ml
Time (hr,) S.D + S.Db L
(Week one’
0.5 0,47 0.09 0,64 0.00
1.0 1.00 0.05 0,7 0.0
2.0 0,34 0,05 0.12 0,05
4,0 0.00 0.00 0.00 0.00
(Week two)
0.5 0,56 .04 0,65 0,02
1.0 0.86 0.05 0.90 0.0
2.0 0.47 0.03 0,24 0.36
4,0 0,00 0.00 0,00 0.00
(Week three)
059 0.48 0.01 0,59 0.03
1,0 0,96 0.01 0,86 0,02
2,0 0.44 0,01 0,27  0.04
4,0 0.00 0,00 0,00 0,00

e - A e A a8 ek s —

B; 30¢ drug/FEG 6000 (physical mixture);
C; 30 drug/PEG 6000 (solid dispersion),

———— e

— o ——

— 4 8 e

C

Bemeah e = e

1,17
1.35
0.49

0,60

1.12
129
0.36
0,00

0.93
1.12
0,46
0,00

s 50¢ drug/sivicel (physical mixture);

0,02
C,02
0,05
0,00

C.06
.08
0.01
0.00

- —  ——
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Table 6,6 Mean plasma concentration versus time

Mean corrected plasma drug concentration

Time {(hr.. (pg per ml.)
e e et B S S
05 0.50 0.64 1.09
1.0 0.94 0.89 0.25
2,0 0.42 0.21 0.44
4,0 0.00 0,00 0.00

6.2.5 QESULTS AND DISCUSSION
Apart from the data obtained from the in-vivo
absorption study, (tables 6,5, 6.6 and figure 6,3, the

following effects were reported by all three volunteers:

In the 20th minute, there was tenseness in the head
which persisted until the 35th minute, when nausea set
in, Dryness in the mouth, drowsiness and dizziness were
effects which bceczz pronounced during the 50th minute,
The mechanism by which these effects manifested were not
investignted in this study, Trey may have been centrally
mediated and could have been initiated by local gustric
irritation,

and
Some measure of inwvivo absorption/in-vitro dissclution

correlation seem L. lL.ove been shown by results obteined.
At the end of one hour dissolution rate studies, the

observed trend was: formulation C gave better dissolution
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Jgiml 4

Mean plasma nitrofurantoin concentration
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0 1

o 5

Time (hour )2

Fig- 6:3. Plasma concentration-time cur ves for three formulations of
nitrofurantoin following absorption A-30°drug/ Avicel
physical mixture; o——o0—o0,; B - 30% drug/PEG 6000
physical mixture; x-——x———x;C-30°% drug/PEG 6000
SOlid dISPersion; m e —e —— = =
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comparad to hoth formulations B and A. This trend was
observed during the In-vivo absorption study. The
correlation has not been completely linear, as ohbserved
in=-viftro better dissolution of formilation B than
formulation 4, had been slightly reversed in favour of
formilation A in the in-vivo absorption study. In terms
of extent of absorption (AUC) formulation C was ausorbed
to the largest extent followed by formulation .., which

was followed very closely by formulation B.

This study has confirmed that solid dispersion of
nitrofurantnin enhances both its in-vitro dissclution
rate and its in-vivo absorption as against simply pbysically
mixing drug and carriers. This is indicative of the
involvement of more than Jjust local solubilization
brought about by the presence of the carriers {(Goldberg
et al., 1966¢c). The effect of change of inert excipient
has not heen ag dramatic as the effect produced by solid

dispersion,

Since all the three formulations have producced
similar physical symptoms, it has become clear that
solid dispersion does not produce any immunity agoinst
toxic tendencieg inherent in drugs. But when improved
formulations are produced viae solid digpersion, it ls
expected that the reduction of quantity of drug recuired
in tablet formulae for administration to patients to
produce the same if not better desired phermacologic
effects, would more than compensate for =2lightly higher

production costs as well as ensure greater safety to the
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larger number of patients.

Absclute bioavailabilities of the three
formulations have not been reported because thev "iive not
been comrpered against any known standard tablet

£ormulntion,

The minimum inhibitory concentration of at least
Lug per ml (Martindale, 1982) was not attained in any
of the blecod samples, PRut since zbout 20 to &' o’ the
total absorbed drug is bound to plasme proteins
(Martindale, 1982) the guantities detected in this
study are probably only representative, It has not heen
established if the protein bound drugs are availztle

for the derivatisation process,

Since large amounts are removed via the eXcrctory
fluids of hile and urine (Conklin, 1971) after oiral or
parenteral administration, the urine is considered best
suited for the estimation of this drug., This is more
so, when it is realised thet nitrofurantoin is solely
2 urinary tract antibacterial agent (Martindale, 1982;
Conklin and Hollifield, 1965; Bron et al., 1970;

Roger et 2l., 1981b) end urinary concentration at the

optimum p! is critical (Mertindale, 1982),

In ti:is study, the subjects were fasted so thot
the observnble effects could be most armproprintely
ascribed to the product formulation alone since it
has been established that food has 3 very considercble
effect on the absorption of nitrofurantoin (Bate: et al.,

1974) as compared to effects in fasting subjects,



This study has provided further evidence that
dissolution rote-limited absorrtion exists with
nitrefurantoin, This rate limited absorption is
probebly due to particle size dependence (Watari et al.,
1983; Fincher, 19€8), It follows therefore, that if
product optimization is the goal, solid dispersior is &

potentially beneficial approach,



SUMERY

The rhotolytic degradation of agueous solutions of
nitreofurantoin has been studied. The degradative
process ig considerably minimized hy nrotectirs 2ll
solutions of the drug from light st all times, .=n
extension of this finding has been to sugrest thnt ¢ll
forms of the drug should be packaged in airtig €, light

proof conteiners,

A sensitivity of 2 to 10 mg per litre has been
establiched for the spectrophotometric estimatinu of

aqueous solutions of nitrofurantoin,

Turely thermal degradation of the drug in persons
having nermal body temperature are unlikely judsing from
regults of the in-vitro study on the effect of a

temperature of 37° on the stability of the drug.

The determination of aqueous sclubilities of the
drug =and its solubilities in agqueous solutions of mannitol
and 1i¢ 6000 2t emperatures of 28° and 37° has indicated
that the physical presence of these carriers actually
improves agueocus solubilities, Results have shown that
the higher the concentration of the carriers, the greater

the improvement on drug sSolubility.

Lactose, mannitol, TREG 6000, PVP 44,000 and succinic
acid were screened for use as carriers, Mannitol end
PEG 6000 geparately formed suitable comparable solid
dispersions with the drug. PEG 6000 exhibited better

dissolution enhancement in the drug, than did mannitol,



The drug naturally forms an approximately 4%/
combination with the carrier PEC 6000 on a molecular
basis, and a study of 5, 10, 20, 30, 40, and 50¢% drug/
PEG 6000 solid dispersions revealed greater solubility
in the 5% drug-carrier solid dispersion., For purmoses
of optimizing the formulations (for the provision of e
tablet that is not excessively bulky) & compromise was

reached by selecting the 30% drug/carrier solid dispersion.

Stability studies carried out on the solid dispersions
using 7LC and UV spectrophotometry revealed no degradation

products,

A formulation study has been done to investignte
the effects of (i) molecular drug dispersion and (ii)
changes in inert excipients on the overall drug product
guality, dissolution and absorption characteristics.,
Three different tablet formulations produced using
different diluents (Avicel physical mixture, PEG 6000
physical mixture, and PEG 6009 solid dispersion for
formulations A, B and C respectively), complied with
official quality control specifications and were then
subjected to in-vive absorption evaluation in three human

volunteers,

An in-vitro dissolution and In-vivo absorption
correlation has been exhibited by way of better
dissolution of tablets containing drug-carrier solid
dispersion compared to the two tablet formulations

containing drug-carrier physicel mixtures and also showed



134

improved abzorption. The correlation was not cou:pletely
linear as formulation A was absorbed to a greater
extent than formulation B. (contrary to in-vitro
dissolution rete observed).

Absolute bioavailanilities of any of the three
tablet formulations with a stendard or marketed nroduct
has not Leen considered. EBut comparative bioavailnbilities
of the three formulation, if formulation C more
bioavailatle than formulation A, while formulation B

is the least biocavailable,

llesults have confirmed that solid dispersion
enharces both the in-vitro dissolution and in-vivo
absorption characteristics of nitrofurantoin. This
suggests that simple local solubilization alone cinnot
explain the effects of the carriers observed, The in-vivo
absorption study is indicative of the immense beneficial
effects of solid dispersion which would be derived when
the quantity of drug incorporated in table form:lations
are reduced and the tablets still give comparable
desirable pharmacologic responses, It is expected that
the patients' discomfort due to inherent drug toxicity
would be reduced. It is hoped that, ' in attempts to e
made to put to practical uses, the unionue technigque of
solid dispersion, emphasis would be laid on adequnte
verformulation studies aimed at 2mong other things, the

determination of the optimum drug:; carrier ratioc.
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