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Abstravt

L he solubility ol seme ol the potent drug
has always been o significant problem for
the phurmacologists in order o assess the
biological activity of that particular com-

und, Various complementay  products
uve been red to overcome this problem,
Une of the important chemical agents in
this reapect 15 PYE. The impormnce of
co=precipitation is cimphasized with special
reference o cardiac drugs such as rescrpine,
digitoxine, anti-tmmer agent, acronine and
hexvl resorcinol,

Polyvioylpyreolidone  (PYP) s known
te dnerease the solubility of armatic com-
pounds (Molyneax and Frank, 1961 ; Higuch
and Kuramoto, 1954 Hhiguchi and Kuca-
maoto, 1W34a)  This  las been explaimed
{Molvoneux and Frank, 1961) as a resalt of
hydrophobic bonding and an exothermie
mberaciion  between the solubilized com-
pound amd PV In this paper application
of this phenomenon to pharmaceuticals wul
the advantages of PVE drug coprecipitaies
wre  diseussed  (Mayersohn and  Gibaldi,
90t Stonelli e al., 19649),

The physo-chenncal ausdihcition of drugs
WY I coprecipiation weliigue) for enhancing
the prastro miestinal alizurprion ._.['n-r;jll:,' adomins
tered  hydwoplolse alvogs ofiers advancges of
possibly - enabling one o adminisier the deog
orally o loem from which 1t s most available
lor gastro intesting] absorprion,

Among the cechgues thae wan lmwuljal]y
enbance the dissolution rate snd, bBesee the
extent ol absorption of hydrophobio deugs in the
lurmatien ol coprecipitsles with pharmacologi-
cally inert, polymenc materials such as PV,
severnl i!'l'.l.‘HHp.Lliun.i (Stone, 1963, Mayerselin
and Gigbakh, 1906 Baes, 1964 Simonelh et al.,
1968, Svoboda et al, 1971 Swipak and Hates,
I972) lave demonscoared in vitro, that  the
solubility and dissoluron rares of deops can be
weregsed m this manner, Little information is
avatlable in the literature related o the in vive
absorpion pattern ol deags orally  adoinis
terel as pulyvinylpyerolidone  coprecipices,
Hecently (Stupak .|114H Miates, 1972 ot was demins-
teates] thut Duoth ehe rate and extent al ghsarption
af water insoluble drog reserpine could be
marhedly eohanged wheén crally  admmistered
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to rats in the form of ;5 (w,w) coprecipitate
with FVP

The data ebtained 1o a study (Stupak and
Hutes, 1973) demonstrate that coprecipitation
with PP mereases the solubility and dissolution
rate of  digioxm,  and  thereby  sienificanty
enhanees the 'in vive' absorption of this hydio-
phobic drug, These observations as well as
those noted previously with reserpine (Stupak
and  Bawes, 19727 Bawes and Gibaldi, 1970;
White and (Gusvold, F953; Ihttert ot al,, 1965%;
Gibaldi, 1971, PYP-Polyvinylpyroolidon, 1964;
ahefter and Higuchi, 1963; The Merck Index,
ek Stupak, 1972) indicate that it 15 quite
gussible that this wechnigue might have general
applicability to wide variety of relanvely water
wseluble drug entitics whose absorption from
gastroinestinal wact can be characterized as slow
erratic, and  incomplete, The advantages of
utihizing this techoigue m the pharmacological
serecnung OF oew drugs for oeal activity are
numerous and sell evident,

In the study of digitoxin alone or a5 1:9
Lwiw) physical misture or coprecipiale with
PYE, e was orally administered at varous drug
dusage levels to fasted rats and the mortality was
dglermined as a means of comparing the absorp-
ton characteristics of the drog from the various
test aystemia, The markedly lower LDy value
ubserved for the coprecipitated  drug as com-
pared to the pure drug does not necessarily
imply i dignosin, when adminiswered alone,
15 less available to the hody than when admins-
eresl in the form of PYVIP coprecipitate, However,
it strongly suggests that the peak levels of digi-
toxin i the body alter oral administration of
the coprecipitare is G higher (o that achieved
tullowing an equal dose of pure drog This core-
clusion can be readily appreciated if one cun-
silers the case ol a hvjruphr;hju drug whose
passive absorption eate s linueed by the rate at
which solution 15 affected within gastroinestinal
Huids, Io this type of absorption pattern, any
change i the rate of solutivn of the deug in the
wastro-intestinal fuids would produce 2 cor-
responding change in as absorption mte. Since
desiolution must precede absorption, a Gaster dis-
sulving form of the drug should be abserbed
at 2 e vapad rate and possibly aceumulate
i the Doy woa greser cxoent than an egual
dose ol a slowly dissolving farm of the same
pharmacoligical agent (Gibaldi 1971),

The mherent tsaeity of PVP (Majma ¢t al.,
1976) v b geadily climinated as a factor gon-
triouung to the marked decrease in the oeal
LEd gy wacue for digitesin form the coprecipitate,
In' this connection, it has been demonstrated
that pure PVP elicity no untoward effects when
vially adwstered 1w rms o doses ol upo
00 ok The intravenois T gy value for
VP 15 also very high, being 12-15 em/Ke (PVP-
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Polyvinvlpyrolidone  1964), This  information,
voupled with the results abtaimed fllowing the
vl adminstranon of the physical mistore,
mchicates that the toxicity of digitoxin from the
1:9 (w; L cuprecipitate is not cue to the pre-
senee of PYVP but tooan increase in the amount
of drug in the bindy produced by o nuarked
enhancement in the rate at which drug absorp-
ton geeurs from this tese system,

~ The mteracnon of polymers such as PVE
with chemical eompounds to increase solubilicy
has been reported for seme time (Herochn and
huramoto, 1954; Gutiman and Higuchi, 1956),
Mure sccently it bas been shown that the rates
ol solution of drogs were appreciahly inereased
by coprecipitating the drug  with  polymers
(orone 1963, Mayersohn and Gibaldl,  1966)
This increase in dissolution rate of some svatems,
hiwever appeats w be sigoilicamly greater than
the expected increase caleulated fram the solu-
Bility merease due to the presence of polymer,
Moreover the increase was found to be sensitive
t the method of preparation and the ratio of
drug to polymer utilized in the  experiment
regardless the potential value ol any of them
There have bheen many suggestions  (Higuchi
il houramone, 1954a) of why these imteractions
weene and inclode the presence of componnds
and solutions, coltosdal dispersion e,

sulphathiazole-EYI'  coprecipitate  system
has been extensively stodied for 2 number of
reasons, [ has several well chaacteriond cry-
stalline forms and rates of soluton which are
significantly different for each form (Milusovich,
1904, Higuchi ev al, 1967). The presence of
Py urphism may in sell add several interesi-
ing poasibilitics and serve 1o further gencialiee
the results, The ceystal growth inhibition studies
showed  that PVP  strongly  interacted  with
sulphatlipazole and inhibiced crystal growth a
low  concenrratioms. . 1t seems then l[ugi._-;ql tis
extend these studica to inelude co-precipitated
mixture studies, PYP on the other hand, has
been widely repurted as wenerally interacting
with 4 wide runge ol orgamic compounds (Higuchi
and  huramoto, 1954 Molyneny  and Frank,
L1961, Cluttman and ]li__l.'.l.l.l.']lf, 19%56) and, there-
e, the results of any  investigation involving
PVE should Be more generally applicable
other drags as well,

The apparent solability and rate of solutum
of sulphathigzele from compressed tables con
taning (PVE) were found 1w be gready increased
il sulphathiazole was previously enprecipitated
with PVP, The mercase noted was found to be a
function of the chain length of the PYP used
as a eoprecipitate and the sulphathigaole
PVE weight vatio ul the ooprecipiate powder
mixture used to compress the tablets. The 10,000
molecular weight PVP viclded the most rapid

bt

sulphathiazole dissolution rute, The sulphathiazole
rate of solution was (a) independent of the

P weight  fraction in the  coprecipitased
mxture at low PY P weight fractions (b) increased
with mereasing PVP weight {ractone st inter
mediate weight fractions and () Jecreased with
mereasing PYP weight (ractions at high PVP
weight fractions (Mizuchi et al,, 1969), These
results andicate that as the sulphathiazole
PFVP ratin i the tahlee r!:‘r!"t‘['a_l.'t's_l the PVP
boundary movement relative w the  sulpha-
thigzole boundary is also decreased, 1t appeirs
safe to assume that at the higher PVP weight
fractions the PVP is cluse enough o the unbound
sulphathiazole laver o signihcantly cantribute
o the release profile and cause sulphachiazole
release rates tw be greater than those of the
patean pegion, e, the increase in rate can be
attributed in part 10 the presence of sufficiently
nigh concentrations of FVP at the mterface
merease the effective solubility of sulphathiazole,
and henee s apparent dissolution rate, The
carrier effect of PVP (e the sulphathiazole
transported as PV complex) can be signilicant,
a8 the apparent solubility of  sulphathiazole
should be doubled with each increase of 39
i case ol PVP conceneration in solution,

Amnalysis of the above reveals that there are
several pussibilities which can oceur. The drug
i the solnd phase can exist bound w the poly-
mer, only m one of s anbannd Forms, or tastly
16 a combination of the above states, I the
drug and polymer coexist as a complex, the
dissalution of drug can vccur by either of two
methods, the buwid Gouyg can be removed from
the polymer al the surface by solvent interaction
aned therehy precede the polymer into solution,
or the drug polymeric complex can dissolve
itact  followed by disseluton of  the drug
polymeric complex in solution, Uhe fomaion of
drug soivates alfect the dissolution rate of bydro-
phobie druge -iign'.lll.‘:nﬂ,l:,' (Shefeer and Jliguﬂhi.
1363). Dugioxin, forms solvates with ethanol
anul yedfer, '.-'.-]1'i|2'.11 are stable moovacus gt teme
perature upto 1180 {The Meck Index, 1968).
Since ehloraform has been used 0 prepare the
digitoxin PVP-Copreaipitate system, the possibi
ity eaisted e the enhaneed absorprion and
dissolutum characteristics of digitasan Trom this
syatern resulted from the formation of a 1:1
chlurofiorm solvate.

1 he simlanty hetween the dissalunon and
salubility behaviour of digitosin (rom the 19
(wiw] drug-PVP coprecipitate and that  pre-
visusly ohserved with reserpine-P\V P coprecipitate
aystems (Stupak 1972), coupled widh the fa
tﬁﬂl both drugs form “glass solunons™ with the
polymer, steongly suggests that a simidar mech-
anism is operable. Avcordingly, it may be pros
prsead that a high enerey form of digitoxin, most
probably amorphous in mature, s formed as a



i

pemult ol 1_.ui‘.u1.1.‘ij;r|'li:i.|||}.; the drug with PYVP
and  that s mereased solubility chargerensnes
are responsible for the marked enhancement in
drug disselution and absorption experienced with
the eoprecipatate system

The mechamsm mvolving the dissolution of
the deug-coprecipitate comples followed by dis-
soviation lends msell woa simple soluton i the
assumption 15 made  that the diffusion layer
model 15 operative as the dissolution rate will
e governed by the solubility of the complex and
the diffesion coefficient of all polymeric species,
The system can than be quanovical by con-
sideration of the eguations of the continuity
existing i the diffusion laver, The mechanism
which allows the dreug o be removed from the
polymer by solvent interaction will depend on
the rate ol wilemcion, Tu bhe pperative this
rate must obyviousty be faster than the rate al
mtact comples dissolution,

ln another  study  pharmscentical  grade
40000 miolecular weight, PVE was coprevipisi-
ted with acronine from ethanol. The ratio of
acroming to PYE was 115 (w/w). Solubility of
acromine as the coprecipitate (75 megiml, dis-
tlled water) was approvimately |5 gmes that of
non coprecipitated acrosine (5 meg/ml ) Acro-
nine (Svoboda et al, 1971) a compound of known
experimental antitumie activity [Svoboda et al,,
1906) was compared with the acronine-polyviny -
pyrrolidone (Ac-PY P L'r||1-|'|:'1'i[11'[.“|u' AFAINSL D
ol the most sensitive woinees 1o acharine, X3503
plasma cell myeloma and G498 myclogenous
leukemia, These data dicate that PVP copre-
cipitated acrmne iy more active than acronine
1sell,

Plexyleesurcinaol,  an alkylated  dibydrosy
bemeene, shows oxidative décompasition chara
cteristic of plicaols, buth as a solid and in agueous
solution, "The observaton that compressed 1ah-
lets, which contmined hexylresorcinol and puly-
vinylpyrrolidone (PVP} did nor discolor after
19 weeks ar 307, pesulted in an investigation
of the mole of PV as o stalulicer and also an
ivestigation ol the etect ol PVP on the micro-
biologieal activiey of heaylresorcinol (Polli and

Fowy, 1909),

During an opvestigation ol the ple ol
PVP as a stabilizer tor hexvlresorcimol  in a
compressed tablets and us effest on the miero-
bological activity of the laer, a mofecular
mteraction  between hexvlresoreinol and  PVE,
of unusually strong complexing tendency, wis
wentiied by the solubihity sotherm  method
andd mbra ced spectroscapy. The stoichiometry of
the complex was calealated w be one hexylre-
sorcinol molecile per s inylpyrrolidone repeating
unit, The antinuccobial activity of hexyliesor-
cinol, evaluated by two diflerent merthods usimg
both  Gram-positive and  Gram-negative  bac-
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teri was found to be reduced in the presence of
PVIE This reduction in activity was appacently
duc to the muleeular interacuivy beoween heayl=
resutcinal and  PVF, The method of Alote
et al, (1946) was employed 1w determine the
complexmg  of  hexylresarcinol with PV, I
hexylresrcingl had not complexed with PVP,
the  hesylresoreinel  concentrations  would b
cyual on cach side of the membrane, The total
hexylresorcingl  concentrations would he oqual
o cach sy of the membrane, The wral hexyvi-
resorcinol  concentzation. and  the concentration
of unbound  hesylresorcinol  thus  would  be
efual and Kk would be |, However il hexyl re-
sorcinol complexed with PVP,  the  hexylreso-
reinul conventruton would be unegual on cach
side ol membrane. The concentration of un-
bound hesyleesoreinol would be less than the
wal hexylresorcinel concentration and K would
be greater than |

The presence ol PV i the tabler was also
shown to be respunsible for the color stability of
lhexylresorcinal, After one week at 37°C amd
S0 the tublers without PYP were darker in
color than the tablets conwinimg PVIE, Al
une month under the same temperature condi-
tions, the tablets without PVP appeared as mot-
led, Dpowaish pink tablers whereas the PVP
contaming  tublets  remamed  white, Placebo
tahlets, contaimng neither hexylresorcingl nu
PYE did not discolor, These observatmons m-
dicated that the discoloration of the hexylresor
cinel di the compresed mhler way prevenied
by the addition of ﬁ.”r']" and 1t aered as a srahilizer,
prassibile through comples Tormation,

The imecaction between PVP and other
pharmaceuticals pave evidence 10 support the
extstance ol the formation ol complexes
selution berween PVP and p-aminobenzon acul,
salicylic acid, p-hydeoxy benzoic acid, m-hydro-
svhenzoic acnd, phenobarbital (Higucht and Kue-
ey, 1934), seiliom sabicylave, chlusamphenical
ind  mandehe acid (Higucht and  Kuramoto,
1954a). No evidence of the complex formation
was  detecred  berween PYE amd aminopyrine,
citric acid (Higochy and Kueamoto, 1954) pro-
e h}'druchlt::i‘lt, |w|:|3:}'| pcntiujlliu, calleine,
theophylline and cortisone (Higoch and Kura-
maota, 195da). The siulanty ot the influence of
chemical serugware on the sabiliy of the Py
L:-:I]'III}]L"P:I_'!-: HE lfill1|[!ﬂl'!!:| tn the cafleine com-
plexes indicated that a similar mechanism wuay
be responsible: for both series, The pgreatest
K value of 1,2 was however fur sulphathiszole
at (L054%, PYP, Suee the authors observed a
K wvalue of 3.0 for hexylresoremal ar 0,057
PYE, it appears that hesylresorcingl showed an
unusually strong complesing lendency with Py P,

Provious evidence of the complexing  be-
haviour of PVP in solution was hased mainly on
pharmacelopcal dam, Pellart ¢ al. {as cited by
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Hignehi and Kuramoto, 1%34) made an extensive
revicw ol the literature and listed the druge on
which PVP had a retardant action pharmmace-
I-q:n.‘:lla. These drugs meluded penialling in-
suling Novocaine(R), adrenocorncal extracts (R},
pitutary extracts, Neptal (R), prostigmine(R},
mereury  cvanide(R), hexubarbital and (uInine
The ﬁ-ulg"lﬁh:mumd::s are retarded i some cases
bt no apprecably. Sigmer et al {as cited by
Iiguchi and Kuramoto, 1954) reported  the
resulis of & study on the » of daalvsis ol
morphine digeolved 1 distilled water and
solutions of PYP (3=30°5). Then data indicated
that PAP had no real inhibsting action on the
diffusim  of morphine through a  membrane
unless the concentration of the polymer i the
solution is 159 or oreater Thesr clinical tests
iy aboue 30 patients showed that 200, PAVP
profongs the analgesie effect of morphine, bul
animal  expenments  were  inconclusive,  The
mechanism of the  pharmacologival cotanding
action of PV requires funher investigations,
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