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"?fﬂaeers Plot for the quant1tat1on of

"'f*grlseofUIV1n 1n HCl KCl buffer at pH 2 0
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e Effect of solvent selectlon on the_ff'
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AR 3

When a drug 1s adm1n1stered perorally 1nra sol1d dosage

form such as a tablet capsule, or suspensmn 1t must be"'lf

'.v“

(S

gastrolntestmal flu1ds before it can be absorbed Hen'c':e;'

'f‘two consecut1ve transport processes can be 1dent1f1ed to“‘

‘;'descrlbe the oral absorptlon of drugs from SOlld dosage'

i,

j}released from_fihe‘ dosage' form and d1ssolved rin"thepjfi

-clforms (1) d1ssolutlon.‘of the drug ln VIVO to produce ah-’

'lﬂsolutlon and (11) transport of the dlssolved'drug acrossf"

““the gastroantestlnal . membrane. Each process ;'can f Bé'{ﬁ""

"Fg.character1zed by a- sate constant If the rate of dlssolutlon

'.'ofi the drug 51gn1§1cantly slpwer than the,krate of?f}_{
absorpt1on, tthef dlssolut1on‘[of;lthe. drug becomesf-ﬁhefpft
rate l1m1t1ng step 1n the ébsorptlon process.j;

B d1spers1ons fv drUgs 1ncorporat1ng 1nert ‘ water solublej

.a‘.lnstance, a -900 fold 1ncrease in the -dxssolutlon ~rate of}_

A
A

‘1mprove the oral absorptaon of poorly water soluble drugs

'“e1ther by 1ncrea51ng ‘the | dlSSOlUthh rate or solublllty.k
;fdep051t10n, and development of prodrug formulatlons. SOlldi

-f}carr1ersi' have been ‘gxtens1vely stud1ed y sznce ‘the1rf

“_'introductlon ‘by Seklguchll and Ob1 5&1);' Generally, these

_occur, - as’ eutectlc mlxtures, solld -solutlons orj glassi.

'Examples 1nclude sol1d d1sper51on,v m1cron1zatlon, solvent

- .

o e

=solutions; Formulat1ons of thlS type have been shown to

-0
B

o provxde dramat1c:1ncreases in’ the dlssolutlon of a drug For7

An,chlorpropam1de from dlsper51ons of 30% w/w in urea has beenf

,40" t

RIS ‘

Dafferent formulat1on approaches .have 'been»‘used'-to_'



e
ot

reported (2) Also several examples of/fS;::ved d1ssolut1on1“[N

.-

. —

of gr1seofulv1n from solld d1sper51ons w1th 1nert adjx.wants_f'_"'~

;tg;such as sugc1n1c ac1d (3) polyxlnylpyrrolldone (PVP; (4),f’"

"ﬁpolyethyleneglycol ‘ (PEG) (5) polyoxyethylene f”40~bf:;5

-Tmonostearate (POS)(65 have appeared iiﬁ; the llterature.-F

e

'%.SImﬁlarly,llncreases in. the dlssolutlon of tolbutam1de from

h___solld dlsper51ons w1th PEG dextrose (7) or PEG (6)
"U‘and _; number;'of water soluble* polymersn.(B) have 'beenf
5[Treported R “ S

An ‘ 1ncrease . td'xe pharmacoltlcal act1v1t1es of

'~preserp1ne, n1tro}urant01n and dlg1tox1n have been reported-
71;follow1ng oral ' admznlstratlon L.'of, ; gholanlo 3;-a¢1d_ab
‘ coprec1p1tates (9 11) Recgntly;:alwaoku' et“7al -vf(TZ)f

‘reported _venhanced absofptioh"_of.V phenobarb1tal from'

suppos1tor1es conta1n1ng 1ts coprec1p1tates ‘with PVP }IH‘

»

‘fu:sp1te of. many such examples only two -sol1d d1sper51onj;'

products are commerc1ally avallable,_namely, Nabllone PVPi .

and Grls PEG The problems w1th commerc1al1zat10n of these ;,yi;

-*,types of formulat1ons re’ prlmarlly related to scale up 1ni“

.manufacturlng.__‘ | ':h
' L1p1ds have befn used ocdas1ona11y e1ther in sol1d

dlsper51ons as ca:rle s or -as llqu1d Veh1cles for poorly :
water soluble. or- .1ipo h111c drugs ,Fob:_lnStance,f_the,'

'l3b1oava11ab111ty of N acetyl sulflsoxazole ‘in rats and humansr

- J

“‘was ’greater after ~oral: admlnxstratlon of the drug as- a“dﬂi

vegetable' 01l—tn—water emuls;on..(13). The absorption of

_chlorophenothane was ' increased. above that from. aqueous



R L _..-. .

T

'%soluthn, fcllowlng 1ts adm1nlstrat1on in corn. o11 or ollve?-

011 (t4) ‘On the ocher hand, phosph011p1ds have seldom beean”'

7;used in- SOlld dosage forms although it has been known forf'

- ' .E,,‘

:isome f1me that phosphol1dﬁds, under approprlate cood1t10nsf_i~

'h* are abie to spontaneously form l1posomes from a sol1d lemf“._

(15) xand“f entrap polar 7forfi‘nonpolar i molecules (T6)

d-}:Phosphol1pids' and 11posomes have~ potentlal use 1n drug“h'{

\j.der}very systems to prov1de susta1ned release of drugs,7 i

v'uilocallzed drug dellvery and enhanced uptake of drugs by”fu -

';target cells (17 22) _ |
| D1ssolutlon‘-ratef'testing.'has Vbeooqe”.ah compend1a1L,

“requ1rement fo r‘_ large number of »drugs.- ThlS Qfs hin_‘

35_recogn1t1on of the nece551ty t° set standards xfO the:.

ifjdlssolut1on rate of certazn act1ve 1ngred1ents of a tablet'

‘or capsule dosage form 1n order to establlsh batch to batchp

'-ﬂ.un1form1ty and as an 1nd1cator of b1oav11ab111ty. Th1s i53

)

rtpartlcularly necessafy for those drugs known to=fhave a=r

‘v‘dlssolutxon rate 11m1ted absorptlon. For, example,. a goodf
fcorrelat1on between drssolut1on rate and bloavallablllty hasv'
f"been shown for the pota551um and calc1um salts of penlcxllln,
j_fv admlnlstered i powder ‘form. (23),' asp1r1n (24)
tolbutamrde_ tablets (25) la'd threeh dosagei forms, of =

jsalicyiamide (26) However, there are dlfflcultles that may-7l

" 'be encountered durlng the selectlon of d1ssolut1on cr1ter1a T

»tQT pred1ct b10ava11ab111ty. Certaln, reports ffin “hthe
-11terature' show lnstances where-fno‘ dlrect correlat1on

;between_ln-VItnq;and ln vtvo experxments was found (27)t_a

[ N L= : .



ffFurthermore, the 51tuatlon becomes even more complex sxncefi'

dthe correlatlon between d1ssolut10n rate and b10ava11ab111ty"'x"

o 52 R
HIS dependent on such factors as the d1ssolut1on apparatusa"”

"3dfemployed ”d‘fthfw:agztatlon ﬂrate.. Hence 'f-thoroughjd'.

'Lﬂnstandardlzatlon of the’ ln Kltﬁo test procedure has to be}h.“ﬁ

: ;carrled out before meanzngful pred1ct1ons can be made

ThlS thes1s ." a1med at developlng &, formulat1onhﬁe_"

’fapproach m51ng phosphollpld to‘ 1nc the dlssolutlonff

dfbeHav1or of grlseofulv1n and to 1mprove 1ts b1oava11ab111ty

!

accord1ng to the follow1ng objectlve5°';@:1;v;'f""f 1't"7felrhgh

Prép?faﬁﬁpn Of sol1d dlsperslons fo. grzseofulvmn P
.;,pho ébllpld as coprec1p1tates u51ng the solvent method

'~2; :Phy51cal character1zat10n of gr1seo£u1v1n formulat1onsf'd

. K’

-.”1ncludlng m1cron1zed g solvated phys1cal. m1xtures and.;"

3‘coprec1p1tates'employlng DTA thermalmlcroscopy, x-ray'
d1ffract10n, and photomlcrography _ ' |

i‘ 3."meterm1nat1on of the‘ dlssolut1on behaéior off QariohsVﬂ.

B 'grlseofu1v1n* formulat1ons under_fsink"anda,non—Sihkh

'fl_cond1tlons at pH 2 0 and 37 C.

"Uh”4,'{Analy51s af the dlssolutlon prof1les by appl1cat10n of a

: su1table k1net1c model
. 5.‘;Determ1natlon ‘ of( -the relat1ve bioayaglab}lity Cof
selectedf formulations .u51ng the~ tat-,model~:andf in "~

vitro-in vivo correlations. -



2. BACRGROUND i o

2 1 szr.zc'rlon or X uonm. DRUG o S

......

- ff%several reasons, 1nclud1ng poor dlssolutlon due to low wateriﬁff}
hivfdsolub1l1ty, h19h fxrst pass : metabol1sm, hlgh %ater;geﬁf
}isolub1l1t¥, and decomp051tlon at physzolog1cal s1tes.JSome?-Jt
)drugs whlch partlcular _are known ftof show erratxc?,ﬁQJ
'ﬁh_absorptxon ‘1nclude d1gox1n . (11) ergotamzhe o (28) H
flgr1seofu1v1n o (29),_. phenyto1n - (30) {:reserp1nell (9)

sulfamethoxazole (31) These drugs can. be used as models foru>df

study1ng the effects of formulatlon on b10ava11ab111ty.,

. Gr1seofulv1n 1s .a metabol1c by product 65‘ several,'d

ffspec1es ot»the mould Pen1c1111um' e.g, .gr1seofu1vum,‘P;f_7'

’f;djanczewskl. It has the followxng chemxcal Structure and name;'

o e

o e P ._‘. “(_‘)f_:,,_
(T TR RN £ 0 OV N
S - Y-S €.\ /\& 5>
': N - ’ '. N )/ \ /, \ ——
o o e 5 r?"/?uﬁSHQ
T
(%J‘ .

f7-chloro 2' 4 6 trxmethoxy 6' B-methyl sp1ro
[benzofuran 2(3H) ‘ -[2]-cyclohexene]3 4'-d1one. ,;-T-f
The 1mportance of grzseofUIV1n was real1zed when 1t ‘was

dxscovered that 1t was actlve agalnst dermatophyte fungl In}"

5'-vivo (32) It has been extens1vely used 1n the treatment of'

5super£1c1e1 dermatomycoses,_ ,; txnea '1« capxtxs, - and‘l
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dermatophytoses 1n humans as an antlfungal agent (33) It ls;g.v.

'h; used to treat superf1c1a1 1nfect1ons of the sdalp,,gr01n, |

;l,.‘

glabrous sk1n and acute lesrons of the feet Some of tkgm>

recent studles have shoﬁn 1ts effect1veness 1n the treatment_’f"
of herpes zoster (34 35) Cook (36) reported str1k1ng;f,7*

s results w1th grzseofulv1n 1n chlldren w1th Raynaud s dlseasepﬂx';

when all other vasodllators had falled However, Coffmanfn’
(37) d1d not observe any benef1c1al responses to the drug 1n;ff°*
h'[ moderate to severe cases of Raynaud s d1sease.-Grlseofu1v1nf-""

- hasf been irecommended 'r: the treatment fof progress1ve

systemlc‘ scler051s. and e051noph111c fasc1tls (38)

:_mycos1s fqngo1des (39)

Except for 'h_ fev‘ s1de effects such as trans1toryﬁpif"

o

1eukopen1a, granulocytopen1a, acute 1nterm1ttent porphyr1a[?*

gastr1c T 1ntolerance,-i headache,_4 urtlcarla (40) 31t

con51dered a very safe drug (41) In E#ologlcal experxmentsi

1t has been known to 1nduce m1tot1c arrest thyro;d‘tumours:f'

v o

1n rats, and hepatoma 1n m1ce (33) %fc ."~ﬂ§;<"§f

¥

Gr1seofu1v1n 1s a relat1vely water 1nsoluble, system1c,fih
ant1fUnga1 ant1b10t1c hav1ng d1ssolutlon rate 11m1ted oralfﬂ'-'

' absorpt;on .(42 45) Its absorptlon 1s also 1nfluenced by-"

gastrlc emptylng rate R (46) It _is;' erratxcally andﬁ'

anompletely absorbed after oral adm1n1strat1on.,Varlatlonsn

L 1n absorptlon from 27% to 72% have been reported by Rowland.

et al.,_after oral adm1n15trat1on of a’ t;f

- gr15eofulv1n 1n man (44) The average amount absorbed from

oral dosage forms admxnlstered as tablet§}1s approxlmatelyh

,“et of m1cron12edf; '



50% of the doseég

These poor absorptlon characterlstlcs are:hj;ﬂ

consxdered to be responsxble for the sub therapeut;c bloodf%fﬁ:

o

ifallure w1th grlseofulv1n therapy (47) 1fyf;falfﬁ*7~»w :

2 2 Gmssoruwm ABSORPTION SR 5

Those factors wh1ch malnly 1nfluence the absorptlon off?'
gr1seofulv1n are spec1es 1var1at10ns,_ dosage regzmen,;ufatgit
1ntake and the formulatlon;:f;f;f-;ffi,:_Zh;tjvrf;i;f'ﬂf;fh

2 2 1 SPecxes Varlatlons-V.: lb-;'ff_',r'”f’:{’ ‘_ Lol

plevels found n some’ patLents :and reports of . c11n1ca1imf-”

It has been reported that follow1ng oral admlnstratlongzt_f

of m1cronzzed gr1seofu1v1n tablets, 45% of the dose 1n man;;vﬂﬁ

(48) and 33% of the dose in’ dog (49) was - absorbed After theag_v’.

3;adm1n1stratzon of an aqueous saspen51on of grzseofulv1n toﬁ5-“

rats and mlce 60% and BS%I;reSPQCtlvely'“Ofﬁthe:ﬁoseﬂdflA

gr1seofuIV1n was. absorbed (29)

2 2. 2 Dosage Reg1men.__} ‘,f;;'

Kabasakalxan (50) has suggested that the absorptlon éf}flf'

grxseofulv1n var1es Wlth . the t1me ,of.',the“ day 57051.”

et adm1n1strat1on° it is the lowest 1n the mornlng and hlghestf'f:;

at noon..However, thls conclus1on was based on a study

only a 51ngle sub]ect Athnson et al (51) found that a‘

d1v1ded dosage reglmen produces a hlgher blood level 1n manrivvv

i
rthan*a”sxngle dose reglmen. f:‘».



"2 2 3 Fat-;ntake".:"fﬁf?'gﬁ”féffftf'f;ﬂtfﬁﬁd ﬂif'ff*i;[?b”-

{

Crounse (52) f1rst demonstrated that the 51multaneous
iv”oral admlnhstratlon of macron1zed gr1seofu1v1n WIth a h1gh

”7_fat meal 1n man resulted 1n 1ts 1ncreased gastro 1ntest1na1

hu:absorptlon‘ fihe extent t 1ncrease ib* absorptlon vﬁas;:”“

45ﬂproport1onal the'.amount dﬁfffat IDQEStEd Sxm11ar

:-observatlons have been made by others (50 54) : 'f-ff' :ai;i 3

-?2 2. 4 Formulat1on Factors'

e

b‘of formulatlon approaches have been used and these are

'fdlscussed in deta11 1n subsequent sectlonsf

". 2.3 DISSOLUTION METHODOLOGY

*
. .

-32;3,1'pissoiutipn Tneoriesdana“xine;ié uoaels

2 3 1, 1 Noyes-ﬂhztney and Nernst Brunner Equatxons’

"ﬁf To 1mprove the b10ava11ab111ty of grlseofulv1n a number ff;'

Noyes Wh1tney 1n 1897 (55) stated that "the'rate at

v“whlch a solld substance d1ssolves 1n 1ts own solut1on is"~

i dproportlonal to @be dlfference between the concentrat1on of
that 'solutxon and hef concentrat1oanof.ﬁthe_ saturated._;:

’;_jsolutlon . Mathemat1cally xt can be‘expressed as,

v

e

: where mg the d1ssolut10n rate, K. isla’p:oportionality,' ;

o1a



“'“'known. Thus,"

'ﬁiv:constant C 1s the solubxlxty of the 591Ute, and Cb 15 thed:'

e concentratzon at any t1me,_t;'

In the 1ntegra1 form Eq. ER can be uSed to calculate thef,_

‘”fvalue of the proportxona11ty constant if the solub111ty ISTQt

JuThe Noyes~Wh1tney Equatlon can be explalned by the follow1ng

theroy' (a) a th1n layer of saturated solut1on is formed aa

2 ‘:’3’5

5

"the surface of the sol1d and the rate of dassolutlon s'

”fgoverned by the rate of d1ffus1on from thls layer to the

'7_“bu1k of the solutlon, and (b) there .s negllglble change 1n

o et
. -

the surface area w1th tzme durlng d1ssolut1on. .

v .

Noyes and Whltney (56) and Brunner and Tolloczko (57)

h'revxsed the equat1on assumzng,, that' under vwell deflned

( x‘ ;

4

Lrate 1s proportlonal to the surface area, s glv1ng R{?i

c

e

_ where K, is called the 1ntr1ns1c dlssolutlon tate constant

- fconditlons of temperature and ag1tation, the dlssolut1on"

e
SR

EoxsC i 0 et

Apply1ng F1ck s Law of D1ffus1on, Nernst (58) d;;"‘

‘Brunner (59) deVelOped a modlfled form of thls equat1on.. - ;



e

: {Iiwh&}e D 1s the d1ffuszon coeff1C1ent of the solute, h. 1sf

fthe thxckness of the d1ffusxon layer,,and v is the volume of d o

f}fth& Q;ssolutlon medlum. Thls has been referred to as ther

";fllm 'theorz Nernst Brunner, ‘wh1ch applles }to;_somew
'ssztuatlons but not others (60) | | | : |

h;2 3 1, 2 Cube Root Law"'

Hlxon and. Crowell f(61) 1ntroduced ‘the.‘concept of »

Ch@hezng surface area durlng d1ssolut10n and der1ved ther,s"“

:_hﬂb£ root law g1ven by

\ﬁ
ST 2nc,t R
. PR . "_(FW‘,),A‘/:i - '(Wt')"/:"‘"l (Tg)lls_hﬁ_ o U (s) E

Sk

'\

‘f,thé den51ty of the sol1d There are a number of assumptlons,

{;on anch this equat1on 1s based- (a) dlssolut1on takes place

1,1\ }’

_nofmﬁ; to the surface of the dlSSOlVlng solid part1c1e, (b)

“7 o gtegnatlon of 11qu1d occurs 1n any reg1on, (c) the samef

i \ - .
‘.'u“{t'aqe (d) solld part.1cles _ remazn mtact , durmg he’-

) g'eSS 1s mdependent of the partlcle d1ameter.v

edersen der1ved a: gener&l equat1on for character1zxngf

“to - t’he cl.gbe root or the "square rOOt law

(62):

\sx

“hrjuh@ka .grls the 1n1t1al we1ght of solld w 15 the welghtd:

grﬂ;of golld at tlme t, N is the number of pértlcles, and p 1s_'f

'%@*VQ pOwd%rs based on 51ngle partlcle dlssolut1on accordlng”"'



,*wbere Q 1s the d1ssolﬂt1on rate K is called snglf;c“ffff_

L,jfxs the t1me.

.tne part1cles d1SSolve accord1ng to the Square root l§w  B
'(w=2) L f'?*,_JLTV:;r' RN -

ﬁiZ 3 1 3 COnvgctxva—Dxffu;;og Models

lb'express1on

*’.

Ql/(n~1) i (mWK )1/(n 1) (mw)1/(n 1’ o ‘K )p/(n-l)v | :l. ‘(é)

”" ﬂda5solut1on fate parameber,_w is Wnght of the powder and t]ffr*

. O“v:,

y.po;,ja. menodlsperﬁe powder havxng 317109 'normyl

'»:deﬂstrlbutlon ;_thef“ abvve equatlon predlcts 8 lineyr
;v_.ralglonsth between 3 ana . when the paftlcles d155°lVe”

1}_éacord1ng to cube root model (m-3) and between Q and t wheﬂ:f“ii

“., :

-

(A) ThQ H;xon-Crovell model does not 1ﬂcorporate a

quant1tat1ve conszderatlon of the nydrodynam1c effects. Inf &

Ofder to ovgrcome th1s def1c1enCy, a model gor a mOV1ng,_vT

sphere was ;ntroduced py Nlelsen (63), deSctlbed by the'

[
Rl “a-ﬁ
U

. Where; a'is the particletadius; F » (14a)%%% apg

p s the den51ty of thQ meaxum,“no 1S the VlSQOSlty of the»'

mgdzum and g is. the accglerat1on due to graVlty ThlS m°de1¥3 



e . SRR S

“f*takesfl"intb': con51derat1on "a.;i combxned ‘ d1ffus1on,

T

N

'uﬂ-convect1on-controlled d1ssolut1on rate of a partlcle and 15 B
.'Efbased on the follow1nq assumpt1on5°'(a) the d1ssolut1on rate and
i*il dlffusxon rate controlled :Zbutf. conveétlon alsof”“dﬂ

'__?rcont§1butes to the transport process,v (b) the 'effectlveh; o

f.{d1ffu51on lﬁyer thlcknessiis the same for all partxcles off;&'“
il the same 81ze and Is equal to or greater than the partlcle'ibff
'-"radfﬁs, (c) part1c1es*hre dlssolv1ng under 51nk cond1t10ns;ff?'

‘f;and (d) the part1dles are spherlcal ﬁ~k}f‘f ,r? ’

As the part1cle rad1us approaches zero, the quant1ty A

- approaches zero, the funct1on F in EQ. (7) apprpaches un1ty{»sa
: @

~,-and the equat1on reduces to tuit of ,a pure d1ffus1ona1-u'

hdmodelj V the nguch1-H1estand model‘iii} _f«

~.

'.*(p‘ 1son and Shah (65) déveloped a mathemat1cal model.fff
'l’:,based on/ convectwe dlfoSlOﬂ to descrlbe the dissolut1on2'iﬁ"ﬁ_",
.pfrom the surface of a compressed compéct They evaluated the-;i_h
;expre551on for two shapes - c1rcular\and rectangular, g1venpphv"
\"bY EQo (10) and (11) respectzvely \ |

oy

2,157 077 ¢, a? P T G 1 )

n -

10.808 DYPc, 0Lt T (1) Y

.A o ‘.V
"

-

lwhereﬂ}Q'bis ttheh;dissplhtion Atate;_ b is the'hwidthlrofh the

AR
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{9h'tablet perpend1cu1ar to,
lfvparallel to flow

fvalayer,Aand r 15 the raﬂ:

z 3 1 4 Dankwertsmodel.. L

) SRR , A s
Dankwerts (66) proposed a model 1n wh1ch macroscopzc;f

‘packetsf,t solvent reach the solld 11qu1d 1nterface by eddy?]f
'“hd1ffu51on.»ﬂe d1scarded altogether the p0551b111ty oi'thejf

’;~;ex1stence of a stagnant layer., It was assumed that the

hj”surface is Cbntlnually replaced thh fresh 11qu1d

Mathematlcally, thlS model 1s descrlbed by! ..?-,«.

. “‘ft ‘

o

where,.s 1s the rate of surface renewal and A 1s the area‘t

‘;i;of the sol1d >Dankwerts orlglnally appl1ed thxs model to thel

dlssolut1on of a. gas 1n*'

s v

: by others fo; de!brxhe }theA dxssolut1on ;og’ sollds_?injf

' mu1t1part1culate systems (67) - ::~v;

52 3.1. 5 stsolutxon Kxnetxcs stng Wexbull Plot

Wezbull (68) suggested a. general functxon wh1ch is

‘vappl1cab1e

The Wexbull}uQuat1on

w SNCH A

ol1qu1d. However 1t has been useda'

_g_a number of common types of dlssolutlon curve.




. where m 1s the accumulated fractaon_,of the mater1ar"xnf€;%ra

i 5°1“t1°“ at tlme t a. 15 the Scale parameter thch defmeS;_:l"_-'f-"‘,'.'f_","_

. -_\..

the t1me scale of the process, T; i’ the locat1on paramete;[;f;v

wh1ch represents ithe’ tlme 1a‘ beﬁore )ihe onset fiff'

F’j dlSSOIutlon’i \andf- b -liSFFUFh shape parameter whzch;ﬂ-}“

characterlzes the curve as be?ng curved upwards (b>1)v'or5g;f”

ﬁxponeatlal (b-1)€or as one w;th a steeper 1n1t1a1 slopef7=x

than'}ﬁﬁé eXponentlal (b<1) _e: Wexbull d1str1but1ont5““

funct1ons can be arranged (69) 1n the form of a more; useful{}3'”

B eQuat1on as follows-‘?if-ﬂ=f*'

B T puw 1/l
‘.v"l;ln(1 ;-m) ct - 'r) (1/a)
log[- In(1 - m‘-‘)_}]’;‘:: b log (t - T,) - leg al (14 )

. paramet&ﬁ b and the scale parameter a can be obta1ned

U51ng the l1near relatzonsh1p g1ven by gq. 14 the Shape¥{7°:

The scale parameter a 1s normally replaced by means ofhj”x'

‘a more 1nformat1ve term,  the dlssolutlon t1me 'I‘d wh1ch 15“

deflned by 'ifa."’j'“ . h” *'fv s :f, .,_;*,*

a;Eq s nges the t1me rdhu1red to dassolve 63 2% of the,”;:_

drug It can also«pe read from the graph d1rectly as the:f



. vﬁf_gie:;?si;niiiagt_ fj”ihf;;:'ihiillﬁ.' R ‘15Q;h’i““s

,-1“ .

t1me value correspond1ng to the ord1nate value of zero. Th1s
hf cond1t1on 1s satlsj1ed when m-O 63212 ,,;f;_‘;\dt,_f
- T T T
~log [ ln(1 0. 63212)] o e

.' 2 3 1 € an}trOrder K1net1c Model o "']4;:7.
h The £1rst order ’rate equatlon to explaln dlssolutlon )

| proflles 1s*mathemat1cally glven by,

- log(W, - W) = logh - =

where,-‘w_iis"the” amouné %bf drUg 1n solutlon at 1nf1n1te

2,3'—'03(t-,-.}t°)»., ( 17)

 time, W s the amount of~ﬁr§p 1n solutlgg at tlme t M is an'“

Yy

lntegratlon constant td 1s,the lag t1me before the onset of
L d1ssolut10n, and K 1s the apparent f1rst order dzssolut1oni

rate’ cons ant (70) The equatlon may be sl1ghtly modlfled by - -

Ausi q.

”»

.”ercent drug dxssolved at t1me t as W, and uslng a .o

value of 100 ﬂfor- .'Q The t1me lag;“ o.;:d a powder'r,;?;iﬁ

'formulat1on éan be taken to be zeror for all practlcal-

. purposes. Thus Eq (17) becomes ",fd ti_{i., r‘h'.' g,

-

log(100‘> §D1ssolved)‘g logm: 7.303 -

(18)
hﬂIf the dlssolutlon proflle follows flnbt order k1net1cs, a

"”stra1ght flne should result when log(lOO % dlssolved)

. e ” » "'u o
_plotted agalnst t. The rate constant K is. then obta1ned from'_“g"

hthe slope of ‘the line. -

1 . R
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o v32 3 1 7. Second Order Kxnetxc Model

. The second Order rate equatlon is glven by,'.

'fwhere, w is. the we1ght of the drug 1n solutlon at t1me t W

e

hlS the max1mum amount of drug avallable for d1ssolut1on 3and

V~-'K, 1s the apparent second order dlssolutlon rate constant'

t} (71). A plot of W/W (W, -w) agalnst t ylelds a: stralght 11ne

‘ if‘ the dlssolut1on follows 'second orq'r k1net1cs. The~

. p-apparent second order dlssolutlon rate constant Kz is g1ven_pm

by SIOPe of the l1ne. 'Qf}" o “H'c." . ‘ivghf.:f

2. 3. 2 stsolutxon Methods ' ;" l#"
In the past several years many attempts have been madef
to develop a. reliabl ln vrtro dlssolutlon test wh1ch can

'_thoroughly character1ze *vttheh | n. v:vo : dlssolut1on -

prate controlled absorpt1on of’ drugs. Cr1t1c1sms in the earlyff-'”

Q1960 s about the conventlonal tablet d191ntegrat1on test as{ff

‘an 1nd1cator of drug release 1n1t1ated an 1ntense search for“'

a better method Researchers attempted to 1mprove the :
: dlslntegratlon test apparatus. However, by the m1d 1960 s it
'was suggested that the dls1ntegrat1on test be phased out 1n'

:ffavour of ‘a d1ssolut1on test ThlS led to the inclusion’ oﬁ3

o d1ssolutlon standards for ‘a. dozen monographs'-in "the USPfFV’

°

"XVIII. and NF. XIII ' S1nce then, the number ‘of - monographs;“"r

-requ%ged to. meet the d1$solut1on standards has 1ncreased to .



]

'fig‘gpo in the USP' XXI,

Rotatlng Basket dlssolutlon method was 1ncluded ash’f

7i;fﬁé f1rst off1C1al compendlal d1ssolut1on test MEthod,ﬁ)}>

°TvTherSP.XX 1n 1980 1nc1uded a modlflcatlon of

l;éhd'also 1ntroduced (Method 2) -'the Pa :Le M thod _as an*
'nioff1c1al compend1a1 test.vThe d151ntegrat1on test apparatus;"
»".'.‘for dlssolutlon (Method 3) has been deleted from the US’P" - :
’T,fo;'".'“ : L ; e

A rev1ew of d1ssolut10n tests c1ted over 150 dlfferent

hls methodt"-

apparatus de51gnsr (72) - The various’ ‘methods @iffer iin,_,;f_,”"

”'_hydrodynamlc . propert1es,g g1tat1ng nlnten51t1es.:4and f;
'h'mechan1caI destruct‘&e forces to wh1ch the ‘intact drug is

;subjected One of the methods that has rece1ved acceptancea3f

'3-by the sc1ent1f1c communlty is the Sp1n Fllter Statlonaryﬁl'

.

';xBasket apparatus developed by Shah and Nelson (73) Th1s has -
‘been recommended for approval by the FDA (74) The apparatus
‘f."has sgveral advantages over the current USP - methods.— It.

':,vcons15ts of ‘a dynamlc in sftu m1croporous,’ non clogglng

'rotat1ng fllter wh1ch perm1ts -cont1nuous and eff1c1ent f

iflltratlon of the dlssolutlon fluid, Furthermore, 1ts large
~'f11ter ' permlts representat1ve sampl1ng 'of‘h_the, bulk'

v\:'dlssolut1on med1um; The smooth cyllndr1ca1 surface of ‘the

0

’[rotatlng f11ter assembly and 1ts agltatlon of flu1d over a'
.

long , vert1cal axls , prov1de un1form, : mlld . lam1nar,

”V:nonturbulent and reproduc1ble st1rr1ng at relat1ve1y h1gh,

”fspeeds. The sp1n f1lter apparatus was also found to. g1ve-~“

Q 2more“reproduc1hlep results5 than,' h USP method (the f:



2 2‘4 FACTORS AFFECTING DISSOLUTION RATE

]therefore,'ﬁdaffxcult ",con@ﬁdl #Also, them d1ffus1on

D eff1c1ent 'D' cannot‘
Aqﬁ

d1f£usxon layer2; ‘; B

2. 4 1.1 Selection5o€f;a1t Form of the Drug

'sod1um and potass'

coeff1c1ent of varlat1on be1ng 3% and 42% resoectiVéiy)nm_:~

(73)

g . . S A .

"In pr1nc1ple var1at10n of any of the parameters grwenl
'"_finl the d1ssolutlon equat1ons,‘ e.g. Eq (4) Wlll cause a-
--_{ehange 1n the rate of dlssolutlon..However in practlce only
vthe solub111ty and the surface area of the drug are actuallyr
lb ontrollable parameters.\The dlffusron ?%yer th1ckness_'h'ﬂ

“is. a funct1on of the hydrodynam1c5~uof !th R system and

o
v P

: ) L] ; % a
;‘sllght cha"nges_ 1r§_}:he vésonosn:y of the dlssolutlon med1um.~

»

f'Hence, h and D are regarded as non+control$ﬂhlp parameters, P
A :

A .
N

in dosage form de51gn.;‘ﬁ~i:'“ L

2. 4 1. Solubxlxty of the Drug in D1££u51on Lay.r

\ ’ v

There are several‘methods of formulatlon wh1ch can ben

\ K l..

used to- alter the’solub1l1ty of a drug 1n the theoretlcal;

h 0

sl

The dlssolutlon tate of the salt form of a drug would"‘

normally be expected to be greater than 1ts non salt form

?

<

,51nce the salt form«ls generally more soluble However the
'.;solub1l1ty of the salt depends on the counter-1on thevfi

;smaller the countér 19n the more soluble 1s the salt Thé'

m salts of pararamlno sallcyllt ac1d are

SR

R ST



Jf'approx1mately 663J’21mes more soluble than the unlon1zedf

B ueak,‘ac1d.‘ Consequently, when these were adm1n1stered g0~

_vbatients,‘ hlgher blood levels of the 1on1zed £orms were‘vu,AT'

'.obtained (75)' Slmllarly, tolbutam1de sodrum salt gavef‘”

-]hlgher blood leVels thah the free ac1d (76) In most Of'ghef"

Salt forms studled 1ncreased in- vrtro dlssolut1on -ratéf"/

"correlated well w1th ‘1ncreased dec11ne“of" blood sugar':'

‘level In ‘some cases ‘the use of salt forms has been found tor

-

'decrease the absorptlon of the drug, e, g Aalum1n1um acetyljt";

'sallcylate,»sod1um warfar1n, benzphetam1ne pamoate (77 78)‘l

52 4 1 2 Effect of pH
A majorlty of drugs are elther weak ac1ds or weak
f_baé%s. j'I'hls makes 1t convenlent to 1ncrease the aqueous ‘f

”solubzlzty of SUCh drugs by adjustment of - the pH A sllght

"mod1f1cat1on of the Nernst Brunner equatlon shows that as .-

o the PH 1ncre§&es,‘ the dlssOIUtlon rate of a weak ac1d“t?.

-1ncreases Jand ;that of a’ weak base decreases.' A vcla551c;r

example is. the addxtlon of . bufferlng 1ngred1ents such as ;lff

\

'vSdeum b1carbonate to asp1r1n formulat1ons 1n order to ralse-»7

""'the' pH of the m1croenvrronment of the d1ssolv1ng solld}"

'fg partlcle whlch enhances 1ts dlSSOlUthn and thus rts;oral

“,absorptlon (79)

“_2 4 1 3 Change of Crystal Form

- ‘ *
(a)Polymorphlsm descrlbes the exzsteno of a drdq 1n

,j‘ﬂtwo or. more crystall;ne forms“ each of whlch posseéseséﬁ e

\

j,d1fferent space lattlce arrangement but otherw1se they areff




'-.-concernlng " the d1ssolut1on ‘of";solvate‘f’

-~

f’ E :

"chemically 1dent1cal Polymorphs exh1b1t d1fferent x-ray o

. _]dlffract1on patterns, den51t1es, meltlng p01nts,‘stab111t1es 2,¢

L‘Aand solub111t1es (75) A well known example of the use of a
*:'polzmorphlc form to enhance bloava1lab111ty 1s that ofm
37_chloramphen1col palm1tate wh1ch exlsts : 3 crystall1ne

':_forms A, B and C ‘and one - amorphous form (80) The h1ghest

i mean blood levels followrng oral d051ng of the polymorphs ro

Lo

'crystal 1att1ce (82) There appears to bey’ :
'";non aqueous solvents ‘as’ compared to the n"

ﬁlfanhydrous form 1s greater than those o

'ffrom the gr1seofulv1n chloroformh

'humans was obtalned w1th Form B Halebllan and McCrone (81)

.,)M

"_:haVe frev1ewed .e_’earller llterature w1th irespect to -

pharmaceut1cal appllcatlons of polymorphlsm..'

(b)Solvate Formatlon--Solvates are crystalllne forms of

drugs comblned w1th one or more molecules of solvent in- the

»the hydratedtforms

(83) For example, 1t has been shown that the anhydrous form

v

' 'of theophyll1ne and cholesterol dISSOlVe more rapldly than.f

DA

-solvated form.ﬂf

'-,Generally the aqueous solub1l1ty and d1ssolut on rate of the_*-ﬂ

thezr hydrated forms (75) S1m1jarly,,anhydrous amplc;llln’n

hfcorrespondlng trlhydrate fonﬁk*(aij Bates et al.._ (85)

Jobtalned an 1mproved dlssolut1onkrate and oral absorptxon

,olvate than from the non

stolvated 4ﬁ.m1cronlzedvv gr1seofulvzn '- followlng . oral

sadm1n1stratzon to. humans. A thorough reV1ew of drug solvates

L e Co s e T;iﬁ&:f’w

'has a’ greater aqueous dlssolut1on rate and ylelds greater L

farea: under the | serum concentrat10h tlme cuﬁye than its}f

O




"?]«_has been publlshed by Halebl1an (82)

o

CUowi

(c)Presence of crystal lattlce 1mperfect1ons has been_”t_

:'Q,shown to affect d1ssolutlon rate due to changes 1n the_“f”:"

Tthermodynam1c propertles of crystals. Ch1ou and Kyle (86)d7**'uw

lhave shown the dlssolut1on rate and the b10ava1lab111ty of'n
:rd1gox1n to be hzghly dependent on 1ts crYStal propertles.f

'in51m11ar observatlons have been reported;.forv adrplc ,ac1dﬂ
K L € e
crystals by Chow ‘et al (87) A'~positive correlation

fﬁabetween the- d1ssolut1on rate constant and the dxslocatzon,df

J

-den51ty has been reported for potassxum perchlorate crystals .

'(88) A dlmen51on1ess term called d1srupt1on 1ndex has been;"

‘h‘proposed by York and Grant (89) thermodynam1cally

h-quant:fy the d1sorder 1mperfectlons in crystals 1nduced by DR

| an 1mpur1ty or add1t1ve.

,1‘-2.4 1.4 Complexatxon o |
B .Interactlon of a drug W1th a compleazng agent.could;

‘result in e1ther ‘an 1ncrea5e or a; deerease 1n the solub111tyj”'
.aand d1ssolutlon rate o' the drug. A drug may complex with
'both absorbable and nonabsorbable exc1p1ents in a dosage:f

'form. The d1ssolutlon rates of a complex of d1gox1n w1th‘

faprhydroquznone (90) and benzocalne w1th caffelne were. enhancedf""'

"as compared to the pure drugs (91)

A

2. 4 2 Surface Area of the Drug Partxcles gL

A decrease 1n partlcle size flncreaSes“thee.specificd'

"surface area and,, consequently,_ the 7dis$olUtion-frate'_andg |

‘?1fsomet1mes the solub111ty (92) of thejhdrug;gtfraditibnalr R



t-""

AT

failmethods of decreas1ng part1cle S1ze 1nclude flu1d energy;mf“r:

e mlcronlzatlon 5 trlturat1°" *"and?f erndxngr, controlledﬁfl
";prec1p1tat1on bY; change fh,f;; solvents or temperature._€j

‘app11cat10n of ultrasonrc waves, ball mllllng, spray dry1ng,,'

'°.w'adm1nlstratlon of water soluble‘ salts of °poorly soluble}fv

I

".compounds from whlch the parent neutral forms prec1p1tate 1n
, ultraflne form QinA 'the gastr01ntest1nal flu1ds (93)
"freeze dry1ng (94) _solvat1on and desolvatlon 1n some cases'

f;(95) and by the method of sol1d dlsper51on dlSCUSSéd in

':_:detall 1n the folloulng sectlons. The effect of part1cle~'vi'

~tv51ze reductlon 1s a- concomlttant 1ncrease 1n the absorptron*

'“;of several drugs e g. proquazone (96) benoxaprofen (97)

7‘tolbutam1de (98) grzseofulvln (99) and tetracycllne (IOO)W

'l'Kraml et al.,(101) found apprec1ably h19hér blood levels'

'“”from mlcronlzed gr15eofu1v1n as’ compared to .1ts regular*a'

fcrysta111ne form twhen admlnlstered orally to humansf'

“}However, 1n another study the adm1nlstrat1on of e1ther 0. Sgt

“of m1cronlzed or J 0 g of regular crystall1ne grlseofulylnf}g_

’ to humans produced 51m11ar blood levels (102)
2.5 SOLID DISPERSION TECHNOLOGY ® . T .
. G?‘

o

‘172 5 1 De£1n1tlon. .
The term sol1&\d1sper51on refer&’to the dlsper51on of
v one or more act1ve 1ngred1ents 1n an 1nert carrler or matrlx

h1n the solld state prepared by the melt1ng (fusxon) solvent

{ilor the meltlng solvent method. The term coprec1p1tate refers N

. . o
""x"‘ s e .



‘ﬁ31123h

{to products obtalned by the solvent method Upon exposure of

"'such a sol1d d1sper91on system to gastromtestmal flu1ds-

';°thé carr1er usually d1ssolves rapldIY- f319351“9 f1ne1y”

&

| zdlspersed drug partlcles. Hence, thls approach fac111tates_~
,drug ; d1ssolut10n"hand, therefore,,g the i d1ssolut1on'

'rate 11m1ted absorpt1on of poorly water soluble drugs.v;f

2. 5 2 Classxfxcat1on of Solad p15P9r51ons'“'

Solxd dlsper51ons have been«cla551f1ed ma1nly 1nto s1x

Vmajor categor1es as suggested by Ch1ou and Rlegelmen (93)

.:(1) s1mple eutect1c m1xtures, (2) solzd solut1ons,‘(3) glass :

hrsolutlons and suspens1ons, (4) amorphous prec1p1tat1ons of a

hZ

;ggcomb1natlons among the~ab$ve groups.

.. and a- h1gh1y 1water soluble carrler maj,fbe Aregarded

a'drug in a crystall1ne carr1er,3 (5) compound or complex

format1ons between ‘the drug and the carr1er,'anda(6)4any”

-

7."'2 5 2.1 Slmple Eutectxc M;xtures

_ An eutectlc m1xture of a spar1ngly water soluble drug

¥

Jthermodynamxcally as an 1nt1mate1y blended phy51ca1 m1xturefff”h

of ;its’ two. crYstalllne compOnents. These components are"

]rassumed to%.crystalllze"s1mu1taneously ‘in' very . small‘

gpartxculate s1zes. The 1ncrease in spec1f1c surface area,

-;'therefore,as mamly respons;.hle for the 1ncrease 1n- the

rate of dlssolut1on of a poorly water soluble drug

‘g D1fferent1a1 thermal ana1y51s (DTA) of b1nary mlxtures,a

snormally exh1b1ts two endothermsobumga knnary m1xture ofvd

",eutect1c Fomp051tlon normally exh1b1ts‘la__s1ngle-_majorf'

1;»



,r]endotherm. In the case of a s1mple eutectlc system the thaw,,~

: ijIHtS of b1nary mzxtures of vary1ng comp051t1ons w111 be,-‘

_ equal to the eutectlc temperature of the systtm.fi~l*

e

Chlou and NlaZI. (103) exam1ned grlseofu1v1n succ1n1c:

7ac1d sol1d d1sper51ons prepared by the fu51on method Theyi'

Hshowed w1th the. aid. of X= ray dlffractzon and DTA that sollddli

l

nsolub111ty was neglzg1ble, contrary to earl1er suggestlons

'by Goldberg et a]., (3) and class1£1ed th1s system as a" -

'Qs1mple eutectlc mlxture,‘Addltlonal studles (104) of fusedh‘

'comp051t1ons»6? gr1seofu1v1n gghsupc1n1c ac1d showed that"

Oy T

's,fthe dxssolutlon of grmseofplv1n was 1nverse1y proport1onal"fl' |

‘fjfmalnly due to. the decreased part1cle 51ze obta1ned althoughf*”i'"

_other factors such as 1ncreased wettabllxty, reductxon or

absence of aggregat1on, and solub111zat1on of the drug by .

hthe carrier at the 51te of the d1ffus1on layer may have also’nd37

g contr1buted. On the other hand : Goldberg et al | (105)3'
' obtalned S1m11ar dlssolut1on prof11es for both. the ,fused
~ solid dlspers1on of ‘acetam1nophen urea'vat;'the, eutect1c'

-'comp051tlon and a phy51cal m1xture of the same composxtlon.y

2,5;2;2 sdiid'solutions | o
| These con51st of a sol1d solute d1ssolved 1n ‘a SOlld
:solvent. If the carrler 1s crystalllne, a m1xed crystal

f~formed because the two components crystalllze together in’ ajsk
’homogeneous one phase system (93) Perhaps, as suggested byh"

iGoldberg, partlcle size 1s reduced -in sol1d solut1on to thef

i
A



y;‘ molecular level - @’ the dxssolut1on of the drug occurs 1nd"

the sol1d state matr1x; Hence, thls system would be expectedi'

to y1e1d _much hxgher rates of d:ssolut1on thanv 51mple'3ffﬁ -

UteCtlc systems.:-ln practlce, the' occurrence' of solld_,”

solubxlzty of less than 2% 1s con51dered 1ns:gn1f1cant. It"'

has been shown that 1n b1nary systems, where SOlld solutlon;-

s

formatlon 1s ev1dent the phase d1agram 1s characterlzed by'
"the‘ i%ﬂearence of ‘thaw po1nts at a temperature h1gher,,-

than the eutect1c temperature.'z"

Ch1ou and Rlege&man (106) reported a marted 1ncrease 1n

oxan, 17 methyl testosterone, hydrocort1sone acetate,nl

'-ut1oh rates of vth_e','.- Spamngfy water Gmluble drugs‘V.'_.':f"""

b and predn1solone acetate when dlspersed 1n PEG 6000 Thxs 15;11-1')

"f belleved to’ be due to format1on of collo1dal or. moleculard*“

d1sper51on of the drug in the carr1er..S1m11ar1y, Goldberg";.-».”

et al., (107) obta1ned a large 1ncrease 1n d1ssolut1on, from'u"

the fu5ed mxxtures of chloramphenlcol-urea wh1ch formed af

1

: solxd solutlon. o _'-;_y',7- <-l»vgﬁ' yf' QT S

! .

'i_f275'2 3.GlaSS‘Solution or. suspension

« The pr1nc1ple of glass solutlon formatlon was flrst y

.-reported by Chlou‘ and Rlegelman v(5) ,‘ enhance drugd'
: dlssolutzon J-and.‘ absorpt1on. A f glass*] SOlUthD . is;f;afd
homogenegus system 1n wh1ch a glassy or a v1treous form offﬁ
the carr1er solub1llzes drug molecules 1n 1ts matrlx.:PV§

dlssolved in. organlc solvents undergoes a- tran51t1on tobai

glassy .state' upon evaporat1onv of vthe~-solvent Glassifl

solutlons of digitoxin w1th PVP (108) meth1sazone w1th PVPf



‘;'has been shown ro

JAs

3“,(1095 cort1costero1ds thh dextrose Qr;;galactose3;(110)}

“”cxtr1c ac1d (112) have been reported

';32 5 2.4 Compound or: Conplex Format:oniﬁ7,

Flcomponents in'5§‘ blnary system durlng sol1d d1spersxon

'ﬂpreparat1on. The ava1lab1l1ty of a drug from the complex isy'

£

1f:1ntr1ns1c absorptlon rate of the pomplex.'For example,,PVP

'vfard the pharmac01091cal act1ons of

"o

'r}pen1c1111n,,’novoear“

' ,yand hexylresorc1nol (93) S1m11ar1y, Gene1d1 et al. (114l

Thzs system 1s characterlzed by complexatlon “of two :

.,‘ prost1gm1ne, hexobarbltal qu1n1ne3'

‘ :‘,‘".26 '.‘ “ -

‘fg-sulfamethoxazolef thh sugars (111)' :andfrprimidonef.#ithgg:

'-f'dependent ‘on the solublllty, dlssoc1at1on constant and the va;afh

»H*reported a decrease 1n d1ssolut1on rate of n1trofuranto1njy'

:L-;from 1ts coprecrpltate or phys1ca1 mlxture with PVP 25000

*"because of the formatlon of -an znsoluble complex._f

'¢2 5 2 5 Amorphous Precsztatxon . ‘._. . "v:”{gf

Thxs oc¢urs when the drug prec;p1tates as an amorphous

S form in - the 1nert carrler. The h1gh energy state of the drugi'
- in th1s system generally produces much greater dlssolutlonj

'Etlrates than the correspond1ng crystalllne forms of the drug.,

N

coprec1p1tat1on resu1t1ng 1n 1ncreased d1ssolut10n has been;;‘

'_-reported for sulflsoxazole PVP (115) and chloramphenlcol PVP'

The conVer51on of a drug to an amorphous form onf“"

- R _:'f.

o T
e

f&_‘oé- —hydroxypropyl cellulose (116) systems.‘ There may be ﬁ;"

.3other less clear examples of amorphous prec1p1tat10n such asf*—-?“

" the phenyto1n VP ‘orff sulfamethlzole PVP "_coprec4p1tat?n'3"

&



7‘(,electron m1croscope, (d) spectroscoplc methods, especialIYTv'

: 2l

3‘-(‘-"

'hldsystems (117 118) where the ;nc1dence of coacervat1on of.hﬁ’f'fﬂ

'”the carr1er ‘is belleved to play a role in the partzcle 51ze P

and for(;m of the released drug.

jl*z 5 2 6 Ultramxcrosxze ersgpfulv;n

L

'Chaou and R;egelman (49) have' shown that the oralf

"'absorpt1on of gg1$e¢?ﬁ1v1n was complete from 1ts aquegas

vf%OlUt1°n"°n1Y 88% from a 8: 1" PEG 6000 gr1seofu1v1n solld,".n”

. gr1seo£u1v1n is produced 1n the PEG 60Q0 matr1x.;It.has'been%': ¥

xreported that {he efﬁ;crency- ofj oral absorption_ffromn. .

L ;dxspe'51on, only 45% from a commerc1a1 capsule andx&%} from»*

’a tab;pt Ita has been suggested that ultramxcros1ze

g Xultramzcrosxze’ systems' is; approxzmately twice* that of
conventxonal m1cron1zed gr1seofu1v1n (119) but th1s is not'ﬁ”

”ff\j;rays 6he case (120) SRR ;3:71-,h,‘h‘

-

2 6 CHARACTBRIZATION ‘OF. SOLID DISPERSIONS

; A number of methods haVe been used to character1ze;d'-;

L. .

sol1d d15pers1ons '1nc1udrng,_ (a)‘ thermal methods of . -

analy51s— d1fferent1al thermal and thermomlcroscopxcal (b)"'

powder x—ray d1ffract1on, ~(c) . mxcroscop1cal stud1e5g'

'.d'1nclud1ng the use of polar1zed 11ght and the scann;ng

I R (e) dlssolut1on raﬁp dgterm1natlon, *f) thermodynamlcy_

1nvest1gatlons 1nvolv1ng determxnat1ons of the heats of

d1ssolutlon(AH) and the me1t1ng p01nts 1n order to calculate‘j

ﬁ”. the resulting changes 1n entropy,,and (g) dynamzc d1a1ys1s

to: character11e'jthef formatlon j f ‘highly supersaturatedﬁni



,ﬂfgsolutlons after¢d1ssolut10n of sol1d d1spers1ons, (93 '121)

i

‘5?ffThe most 1mportant and frequently used methods among these

7nare : thermoanalytzcal powder vx-ray d1ffract1on"'ana,Q"
Co sy o . SR L TR
- d1ssolut1on rate., '-~?; SRR . *.;j\/h;,'_ BT

. 2.6.1 Thermoanalytical Methods

' ‘2Q6;T.1'Thérmomicrbscdpical Anaiysis
. ‘ o . B :

Th1s 1s a v1sual method of analys1s usxng a polarzzed

" m1croscope Hlth a hot stage to determlne the thaw and

'°;?jme1t1ng poznts of solzds. Its advantages are the small

observatlon-\of 'the changes

o amount of sample requ1red (vi tually one’ crystal) and d1rect .
>tak1§ng place ' 1n the sample ”

.through the thaw andb melt stages.‘ However, o1t does not

f:prov1de the thermodynamxcs of the meltlng process and .:w-’
| some 1nstances it 1s fot as sen51t1ve ‘as DTA The technlquedl,”
th been' used by others often to{ support DTA :or Dscdi't'
'ﬁﬂmeasurements (122 123), | ;j-'j¥¥fif' R

2 6 1. 2 D1fferent1a1 Thermal Analys1s (DTA) o _
e Th1s 1s an effectlve thermal method for studylng thediif
'*'phase equ1l1br1a’ of pure substances or sol1d mlxtures.;f}
fDxfferent1al- heat' changes that accompany phy51ca1 fand.ﬁ

'chemlcal changes are recorded as a functxon of temperaturqibij
as. the substance 1s/heated at a dﬁ1form rate. In add1tlon to_ﬁ;h‘
-,thawlng and meltlng, polymorphlc trans1t1ons, evaporat1on,;tf”

iesubllmatlon' desolvat1on and other types of changes such asv;”,.

ﬂvdecomp051t10n of the sample can.. be detected D?A ,records.“*~”



29

» changes occurlng 1n the sample as 1t 15 be1ng heated”f"

T

‘?@as either ‘exothermlc or endothermlc. However,_’for__thejf"

1nterpretatlon oﬁ DTA thermograms,_ praor knowledge of the"

.:d» type of reactlons whlch may be occurrxng 1s essent1a1 For

;5? siftance, 1t ols necessary to know whether “the. sample f“_df}
-7_€3undergoing polymorphlc - change,: decomp051t1on,'f.€or;{

: desolvat1on.v DTA has been' used routlnely oﬁ 1dent1fy;:}f

d1fferent types of sol1d d1sper51ons (124 125) | - |

| It has been shown by Borchardt and Dan1els (126) that';l

the total heat of reactlon, dH,f1s proportlonal to the area‘

under the DTA peak as descr1bed by, B ':1 ¢ L
. o BH = K | AT 4T-= K A~ oo o0 (2000

Lot

P R

-
.

.where;_yxyjisi;a"proportiOnalityh constant AT; is3fthe.1;7
temperature d1fferent1a1 A is the area under the DTA peak

and t 1s the tlme. e ;ff 15t ;**“Q‘y L f;fu' t"” L j)..

2 6 2 Powder x-ray D1£fract1on B

S . . T . s
x-rays have been used 1n crystal structure studles in-

G
two dlfferent ways- a) 51ngle crystal X—ray crystallography'

deallng : w1th Vfthl determ1nat10ni?;ofhr bond ~angles - -and”

R

er atomlc dlstances,, and ’b) powder x—ray dlffractlon‘};

.

deallng wlth the study of crystal 1att1ce parameters where,'
& o
the x ray d1ffract10n 1ntens1%y from a sample 1s measured as
"; a functaon of the d1ffract1on angles. Thus, changes 1n thel

d1ffractxon pattern 1nd1cate changes 1n crystal structure{ﬁ

RN



i

. .

nghe relatlonshlp between the wavelength 2 of the x-ray, the-l"

flangle of dlffractlon,.e and the dlstance between each set

/

o fof atomrc planes of a_ crystal lattlce, _d,' 1s ngen by

) Bragg s equatlon (127)
R A

R

't: h:vl-f;T%:_ L M A

v

QI:where m represents the order of d1ffract1on?¥p o

X- ray dlffractlon spectra of 51mple 'eutectlc systems

'-];crystal latt1ce parameter w1ll dlsplace the dlffractzon

peaks.l SOlld solut1ons exh1b1t a gradual shlft in;fthe-.x

3p051tlons:7of_pth dlffractlon 11nes vw1th chéﬁgésfuah

'-compos1tlon 'jThe- lattlce parameters -ofgtcomplexes afefj
S T 5

"fmarkedly d1fferent from those of pure components. Hence, the

',;fex ray dlffractlon method can also be used 1n detect1ng

:_complex format1on. However,-1ts major drawback has been the

'V1nab111ty to d1fferent1ate between amorphous prec1p1tat10n

*'and molecular dlsper51on 1f the latt1ce parameter ot the'

. -solvent component isj unchanged .h techn1que has beenf"

'.frequently ‘used by researchers t,f characterrzef.soiidﬁbu

'fd1sper51ons (128 129)

Lo

o2, 7 r.xpms m DRUG DELIVERY sys'rsus

L1p1dS used 1n drUg dellvery systems or coadmlnlstered

'ﬂe1ther: 1ncreased 'o decteased 'th‘ bloavazlabllltles nofrV

i.

-’

zdasing - T gy

'7_“show peaks of each crystall1ne component Any change 1n the U

‘;?f:w1th drugs have ylelded a varlety of behavzors..L1plds havefuﬁ



?ut?These effects On b10ava11ab1l1ty have been largely due to;,t

-3:.fbioavai;a

aﬂrhchanges in chem1ca1 or metabollc stab1l1ty and d1ssolut1ond3"

admlnlstered drugs havang low aqueous solublllty ;ijff

“'rates confered bY the ~use -of llplds.. L1p1ds have beenn'wf

:rslncorporated in. drug formulat1ons by a varlety of means.t'n””:

'*gxz 7 1 L1p1ds as Vehlcles [_'i}»iV‘*;;?

Wagner et al . (130) _reported an 1ncrease ~in ithé:fh
'11ty 5ft v.1ndoxole'j follow1ng 'sldﬁ oralffff

.1ng aqueous suspen51ons.b Slmzlar results were'”

1on 1n a 11p1d emu151on to humans as compared to

g obtalned when _1ndoxole ,ya:d'admlnlstered vd,rats 'as _a'fj,

f;ysolutlon rn polysorbate 80 and as a: solutlon or suspen51on51

’7,1n cotton seed 011 (131) Sulf1soxazoie acetyl and dzcumarol"_’;

'hmyaelded 1ncreased absorptlon hfnﬁf rats fol&owlng } oralh_'

Qfadm1n15tratlon i w1th polysorbate 'daoffgand trxoleln }'in*”'h

‘fcompar1son to =aqueous suspensxons. However,- the use' of”'*'

"hexadecane and oleyl alcohol had no effect on absorpt1on. Itfff

'5?fwas also found that :%% b1oavailab111ty of grlseofulv1n wasn 2

'hdecreased when hexadecaneg oleyl alcohol and trloleln weretﬂ

used- only polysorbate 80 gawe an,6
: SR N T .
»_“”gr1seofu1v1n (132) Carrt@an and Bafes [133) used‘ a. corn"'

'l

:eoll in- water emu151on 's'fﬁa;_ veh1cle 'gto. _1mprove»'"the S

if’dbaoava1lab111ty of micronlzed grlseofulv1n u1 rats and it r‘

i

found to— yleld more rapad and unlform absOrptlon of

~,

1ncreaSe in absorptlon ofe"

'"h_grlseofulv1n than from an’ aqueous suspen51on or comme_cualM.:ﬂ

”tablets when adm1n1stered to humans (134)”“I¢ Was suggestedﬂ*‘y




L

K _J-'

: S

ff:chat thls dlfference was due to the formatlon of 11nole1cﬂF

'ygﬁiand ole1c ac1ds durlng the dlgest1on of &orn 911 whlchfl‘

fhfanhzblt gastr01ntest1na1, mot111ty and also stlmulate gallzp?

,.

; ;bladder ﬁ evacuatxon.ﬁ_;Thew blle ;,salts then a1d ER $ R

,fsolub1l1zat1on of grlseofulv1n.;Bates et al (47) furtherff;.

SRR

f~demonstrated that a 10 gram dose of emu151on equ1valent to 45

Q.

fhand unlformlty of absorptxon and that the emu151on dosage;ff?

‘form *&asj=a§_ effectlve '351 PEG solld dlspe151on.ﬁbfi}_f

o grlsechIV1n.:;’.fyff v hx"7°'"f : -tfffhi ‘3;

. '!‘-

Py

":vgrams of corn 011 is requ1red to obtaln the maxlmum extentﬁgf'

"ffgrlseofFTV1n and better than the convent10na1 m;cronlzedf;’

Further studles reported the absorptxon of dlssolvedf;ff

‘Jf'grlseofulv1n from an aqueous phase,:a m1ce11ar Phase, and ahf’“

'_of the three phases admlnlstered to’ the 1ntestinal lumen of“d“

vx'fthe rat was expressed\%n terms of clearance constants w1th;f

"the result that clearance from the aqueous phase> 011 phase?ff*

lf,.mlcellar phase.f Hence, 1t .was concluded that the llpxdﬁ;

"”aqueous phase rather than prov1de 1ncreased absorpt1on ofpi“

,.drug 1n solutlon.< S L .':»ﬁﬁ'

S
R

v 2.7.2 ;fip‘vi-d-'?(:oa'ted Systems

'”These' systems are *generalv

:WVhd1sper51ng a solutlon of the 11p1d 1n small amounts on the

U

”h;drug partxcles untll the amount of 11p1d requxred 1s gdded

hf_Chem1ca1 1nact1vat10n of Pen1c1ll1n G has been shown to be

:epated by unzformly;¢

LS. L

”'io1l phase (135) The dlsappearance of gr1seofulvin from eachhfx“

,.uscomponents augmented dlSSOIUthn .of gr15eofulv1n Ln athefff

e



7”}prob1em have falled because 1t 1s not absorbed beyond the! s

St
K

‘feadm1nlstrat10n compared to free morph1ne sulfate SOlUthﬂ orf-“

”fstablllty 1n gastrlc flu1d has been obtalned for pota551um~§h,

“‘.‘e_‘: .

¥

V ,' .‘,““

S L
*;;:1nversely proport1onal to thezr‘ ﬁiSSOlutlon rate 1n 0 1N~~

O , L

’.fjerythromytln lactoblonate coated w1th cholesteryl acetate

‘4‘compared i;th uncoated materlal (136) Thus,~ the
oA °; : :

ke

A

i\
protect1ve nature of 11p1d coat1ngs 8“ aC1d lab1le drugs\has
R . . - . ; -\\ .
been demonstrated for these aéilbnotlcs. - T

_:'; J T A " PRI U o MR . . L ‘ oo BT

, 2 7 3 prxd-prug Sol;d D1spe5$10ns#3,fef ‘f“ff*if'zﬁﬁ]i_ﬂf;}\_ B

shown \to be | thlS drug

->':". :

7solven€*dep051tmd as a solld solutlon wlth cholesterol orf

LY. 2
ﬂ I

"y

e

3
A

‘3:ffracblozf ;;-ofdi 'unMetabol;“ed morphlne : after - oral

S

o X

fffaflfjits' poor h oral b10ava11ab111ty L

: 3?Enter1c coated preparatlons as a means of overcomlng thlsff‘
*:;fduodenum. However, 51gn1f1cant 1mprovement of the' n vrtPije,

“;dsalts of pen1c1111n G and V when co&fed w1th cholesterol‘._,.
a“oizts acebate ester,;oa 3-51tosterol (136) Solut1ons ofé;_f
‘gnlerythromyczn hlghly unstable;:at gastr1c pH vThéhbf”

gfbloavailablllty of a ser1es of erythromyc1n- esters wasifu
L d .

ifHCl But a two fold 1ncrease‘1n the human ur1nary'excretlonf*u'

fﬂﬁfof erythromyC1n was found followxng oral adm1n1stratzon of77*”

"V

ol

*lts aC;tate ester onto lactose partgcles(137) Thas has ledf**
Vvto 1ncreased blood levels of the drug Morph1ne admlnlstered‘;f5
'7f:orally ‘undergoes' exten51ve fxrst pass metabollsm.' Sol1d)h-*

”.;fdzsper51ons of morph1ne trlsteqr1n (1-1) prov1ded hlgher{;*



RN

'f;jmorphlne base adm1n1stered as a suspens1on. Itfvhas"been"

wtiproposed that thls effect was due to the 1nh1b1t10n’ ofjf?

ﬁf,gflntestznal wall enzymes by the emu151f1ed 11p1d allow1ng a:?f:

';j_j_testosterone, f wh1ch known ‘hto undergo

1fract10n of morphlne t0' escape 1nact1vat10n durxng

“”]itransport from the GI tract (138)v The oral absorpt1on o{;wh

L "I .

| i-”metabollsm,Awas also 1ncreased from sol1d d15pers1ons w1th o

' tjillplds ,and 11p1d-surfactant comblnatlons 4139) th1sf

*v’:”lnstance, 1mproved dlssolutlon of testosterone increased 1t5j*

f]absorptlon. K1m and Jarowskl (140) 1nvestlgated the ln vitrob

-fdlssolutlon rate of hydrocortlsone froﬂ systems conta1n1ng;;f
fh;fcholesterol or cholesteryl esters. As the rat1o of 11p1d th”;-
‘;u:drugJ 1ncreased hydrocort1sone d1ssolut1on rate':decreased_
::i-(except in the case of cholesteryl laurate) However, afterpi
”";be1ng solvent dep051ted ‘“on pOwdered‘ lactose'r‘%asterixz
_’d1ssolut10n of hydrocort1sone‘ occurred Th1s effect
y c g

'”‘attrlbuted to the 1ncreased surface area atta1ned by drugh;*

"fl-molecules on the lactose part:cles.“-w

»“'2 8 paospuompms As Excmu-:u'rs N somn DOSAGE rorms

Although : number of 11p1ds have beeh 4%sted

7fufftposs1ble modlflers of drug dlssolut1on or bxoava1Iabzlity?

f‘the appllcatlon of phosphollplds for thlS purpose has be‘ﬁf“(
'f"VEYY 11m1ted Duncan et al (141) found hlgher blood levels'

’fjof gr1seofu1v1n 1n rats after the oral adm1nlstrat10n of aﬁir

;flrst pass:f:;

‘pgrxseofulv1n suspen51on conta1n1ng 0 5% 1ec1th1n. A mlxture,.j:

5_rof 1ndoprofen w1th exc1p1ent blends composed of var1ousl.f‘



ratios of lecithln and spray dr1ed whey produced 1ncreasedjfﬁ
d1ssolut1on of th1s drug and the optlmum concentrat1on offff
‘T“lecxthxn in: the blend was found to be 20% (53) Thus far, nofet

'??fattempt has been made to formulate solzd dosage forms °f'”

"‘5fdrugs wh1ch 1nclude phosphol1p1ds as ad]uvants.viﬁ

Phosphol1p1ds 7;»one7n'§f .ﬁthe” maJor structuralig

‘7fcomponents of the cell membrane. The phosphol1p1d content off;f

aﬂlmammalzan organs var1es from organ to organ and spec1es to_;;

"'”specles.g_ﬁ comprehen51ve 115t f'fth dlstr1butlon af};;

" L:7phospholxp1ds in cell membranes has been publlshed (142)

- Lec1th1n was f1rst 1solated from egg yolk and braln by =

q"'.:‘,:‘-‘.:Gobley (143) Chenucally tois 1,2- dxacyl sn’ glycero 3
'-Phosphochol1ne haV1n9 ‘the structurev ff"-‘ o | '.;
S ‘ﬁ \ | . 5".'.:5-:'-” ..;‘ 'm‘,v. ;?q ™ gl
- CH2000R : ““"?%nv;a % N 'rw’ 5% i
o RCOO(::H g MR 9*,-:%'5 o~ o A”i‘.!.?a
cuz—e b= ocnz CHz N“(Cﬂa)a

«,where,‘R and R' are fatty acyl substztuents./d
7jn Other mai’r phosphol1p1ds present n? t1ssues 1nclu?e
o y, '

- »phosphat1dylethanolam1ne (PE) phosphatldylglycerol (PG)

T'and phodphatzdylser1ne (PS) Lysolec1th1n al§o occurs “n{'4

n',» txssues but at very 1ow levels as compared to 1ec1th1n.

1;>A1though the ' bulk ,offb-membrane : phosphol1p1ds are o

71:zw1tterion1c, most b1omembranes conta1n a minor prOport1on -

fidof phosphol1pids whlch are anion1c at physzologxcal pH, £r



B '-e g phosphatldylmosnol b1phosphate... ’ o

Phospholxplds are known to exh1b1t a_x—hermotrop1c phasef

':atran51t1on as shown by d1fferent1a1 thermal analysxs and?lf;

""l'd1fferent1al scannmg calormetry They show an endothermlc |

3 ,'":':v"...phase tran51t10n from crystallme gel to l1qu1d crystal .

l_:_

o stage at a characterrstm temperature §known as the phase”;'l '
f'»tran51t1on temperaﬁ‘ure, ( 144) & '\elow th1s temperature, A
3 fatty acyl s1de chalns are. 1n ,a'f- closely packed By

o relatlvely ordered, extended all trans conformatmn known as_.,f. :

fthe gel state (Flgure 1A) As?the tempeeature 1s ralsed“**

'--:I:_they progress to a more dlsordered loosely packed gauchev‘..:

: _’~.;£"conformat1on 'and“ , -are capable A ‘of h1gh - 1ntra-' : an:d.j; 8

}‘“inter-molecular mot1ons known ‘as’. the fluxd state (F1gurew"

j';1 -B). These molecular mot1ons can be measured by ESR or NMRH

l"'*probes. Cholesterol gradually reduce;s the T as 1ts mole

Bt -‘f'fractlon 1ncreases and at about 50 mole %, 1t results%n thev_-”_-',

e

:f_-abolltlon of the T (144) 'I‘he T also depends on. other =

o ; j.polar head group.

L factors such as the nature of the fatty ac1d chalns, and the
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3. EXPERIMENTAL
3 1 MATERIALS P

Gr1seofu1v1n was obtalned 1n a m1cron1zed state Purei¢

~‘f;”synthet1c phosphol1p1ds were obta1ned from Slgma Chem1ca1fsf
- e

*;fjeCo., ,Hnas follows-l' L-a- d1my§pstoyl-5 g L a d1pa1m1toy1-

e -a~ d;stearoyl phosphatldylchollne(DMPCs 98% DPPC 99%,,and'f

{LﬁgDSPC ;99%'; respect1ve1y) - Cholester012 (CHOL) ‘é99]f57
.JCifph°5Phatldylch011ne (EPC) ' 98%-", stearylammez : -(SA):
._;dlcetylphOSphatez : (Dcp) .i99+%'_x polyoxyethylene {l401 in

'.monostearate‘* (POS) polyethylene glycol 400‘~ (PEG400)A_ .
B polyethylene.,;gg, glycol s 4000¢ (pac :f’d_ 4000)?]"

.polyv1nylpyrrol1done (m w.f25000)(PVP) o polyoxyethylene; o

' ’sorb1tan monooleate‘ (Polysorbate 80); 'm-phenylphenol' were%yyn

;used as rece1ved :d  o . .”‘“" \;n ' '{,‘
HPLC grade .acetonitrile ~was . obtained from Flsher',

gSc1ent1f1c Co. ; or,,B D H Chemlcals.’ De 1onazed d1st111eda_zl

’water wasl, used o prepare" thep dlssolutlon ‘ medza.fy“”

fD1ethylether‘_and Metdfane‘ J!re used as supplxed Ethanoll‘

(98%) methylene ghlor1de" chloroform‘ acetone‘»and all

-

:;vg her. chemlcals were reagent grade.( Heparln lock flushjf"

v utlon (Hapalean)"1000 unlts/ml was dlluted w1th nor%al'
. ;_-_;;;-; _________ R | '

' Glaxo Canada- Ltd., Toronto Canada.
* Sigma  chemical Company, St. Louis, M1ssour1&5USA.,,
> .Myrj 52, Atlas Chemicals, Brantford, Canada 5 '
. "%'Allen and Hanburys,: Toronto, Canada. S
T3 Eastman-Kodak Co. ,_Rochester, N, Y., USA
K]
2
]
L]

L3

. ¢ Fisher ‘Scientific Co,, N.J. USA.

. ! BDH Chemicals, Toronto, Canada L
Pitman-Moore Ltd.,- sts155aug% Ontarlo, Canada
Organon Canada Ltd., Toronto Canada

38



fasal1ne t° obta1n 100 or 10 un1ts/mL Hydrocort1sone acetate 3ff
C (HCA) was used as recelved U ‘
3.2 METHODS o

3}2,}{?reparationﬁandvhnalyslshof.Grlseofulvin_Formulationsjhgfr

e

'3 2 1 1 General '}Procedure‘ﬁhfoﬁé‘fthe;v‘breparation;?goff;
Coprec1p1tates : 4 e oo

7?;311 Coprec1p1tates were preparEd bY h , solventﬁhi

'7_fmethod'f The requlred amount of gr1seofu1v1n was d1ssolved ‘

in- 10 mL of chloroform or@in any other selected solvent 1n aif’;

E_Jacketed beaker hy constant st1rr1ng.,We1ghed amounts of theh_

f}llpld or llpids were d1ssolved w1th the a1d of gentle

”u,fst1rr1ng. The solvent was then removed at 40 45 C under ahw

“n1trogen atmosphere w1th constant st1rr1ng Further drylnggw‘-

”.;*as‘ accompl1shed a vacuum de51ccator over anhydroustfﬂ

oK

'fﬁgilcgum sulfate for 12- 15 hours._‘v*ff'“'_;5,:5"_;f‘f=f.lj@t,ﬁ*

Coprec1p1tates | contaémlng different . phosphol1p1ds;‘~”

e(DMPC DPPC - DSPC,. DPPE EPCQ and varlous comblnatlons ofT'
'DMPC w1th other l1p1ds such as\CHOL SA DCP were examlned"

‘fi‘In some stué%es the coprec1p1tates contalned 1n add1t1on ¢0"

?gr1seofulv1n and DMPC var1ous agents 1nclud1ng PEG 400 GyV”

7]E 4000 PVP L—cystelne, chloralose, succ1n1c ac1d mannrtol

| lactose,\Urea deoxychol1c ac1d 51l1ca, or chloral hydrate.‘
7.iTwo wexght ratLos- . of gr1seofulv1n (DMPC f,agent) weres -

'oselected namely 9:1 and 4 1 The welght ratxos of DMPC agent .

. —_———_‘—.—-—-—.——__—_

""° Novapharm Toronto, Ontango, Canada



':hfdlssolved in 50 m"%"w

';;jwere d11uted to

' :Qquantlty of fhe sam theo;

chloroform treated

e,

grlseofulv1n faﬁd;ﬂf

'iThese samples were stored iﬁyaﬁf:‘

.."\4 .

F1fty mllllgrams géf mlcronlzed griseofuivih‘ﬂwerefﬁfﬁ

LTI

Further d11ut16ns‘

buffer Qj.

re o obtaln_
concentratlons vranqlngi-v ' 30 mcg/mL Cgihe |
1’f;absorbance of. thelso{utlonsr Y 1% 293 nm. andrh
?a callbratzon cufve v oh

"ffor the stralght llne was computed The callbratlon curve;hjf

*1f‘wasf~ver1£1ed u51ng solut1ons- of 'gr1seofulv1n of : known:

&G .
"jconcentratlon $nd s~£ound to agree well w1th the value.v

;o

ft~ca1cu1ated from the regr%§s1on equat1°n-rjg_ff
T L R g D e
.2,33 2 1 4 Content Unxform1ty Tesi on Coprecsztates ”';i““;_

S E
Coprec1p1tate systems‘@epg prepared from chloroﬁprm 1n

’vthe rat1o of grxseofu1v1n-

"ally equ1valent tos 10 mg of

10 mE of thzs solutlon--L

.ionstructed A regre551on é%uatien"rﬂi

and 4 1 by welght hfi

4:<gr15eofUIV1n *w~ we1ghed and dlssolved _1n ’aceton1tr11e;:i“'

. : . /
: vAccurate volumetr1c d11ut1ons were made to gzve a fxnalr

':theoretlcal concentratlon of 2 0 mcg/mL of grzseofu1v1n.‘Thev;i'

p '

Trsamples were analyzed us1ng HPLC accordzng to the proceduredi'.



T VI

V’j}deserfbeduinfaflaterlsectiOnLgrffpf |
B Y SR =

”51l3§if§frhysibalfcyaraqferiiatienlef"Grlggefulyin_Fermulggiansff“

;ffi3 2 2 1 Dxfferentxal Thermal Analyszs o
: o

A Quantltatlve D1fferent1al Thermal Analyzer" equlppedff

,L ,w1th an automatlcally programmable furnace was used 1n thligc3;

) Co

”fvjstudy.: A dual pen strzp chart recorder" was used for_"'

'1;1record1ng the thermal changes of the sample.-The 1nstrumentffl

'“7hwas callbrated wfnh calor1metr1c standards of known heats offwif

fzpffus1on (AH ) accordlng to the method of Gu1llory (145) u51ng%f

"~;15 0 mg of each standard substance. Calor1metr1c standards~f,

f;.;of 1nd1um, lead t1n and naphthalene were obta1ned from*m-*'

l

[ S

IT"HF1sher Sc1ent1f1c Company."' The empty pan was used asVid-f

’”;lreference. 1The" cal1brat1on coe£f1c1ent,,3C,l wh1chf’j5~>£"

f,rfcharacterlstlc of the 1nstrument- was determ1ned u51ng the:f%r

V~ﬁ£onmula,

, ﬁlwhere,;Ahf is- the heat of fusxon (J/g) M is the mass Qﬁf_*

5”{samp1e, P is the program rate (deg/m1n) A 1s the peak areaf"

o (sq. 1n) ﬁ the d1fferent1al temperature sens1t1v1tyﬂr

jﬂ

”~h(deg/1n) and T 1s ‘the reﬁerence temperature sensat1v1ty;

. P .
',(deg/xn) The pehk areas were deterﬁxned by planlmeter and a,,»f

—_—_——_—-—-—--———— .

e Model 300, Fisher. Scient1f1c Co., N J-, USA

o 21 Model 7128A, Hewlett Packard, USA.

ﬂ" F1sher Sc1ent1f1c Co., N J. USA ';,_}_i 3



?*r callbratlon curve.;}' |
In order to quant1tat1vely determzne AH*
mg) were Sea led 1n : "t:h:e sample pan"" =

predetermlned heatlng rate,, and thermograms recorded._ The-fu:

.;per m1n._ Us1ng ht\‘cal1brat1on “curve, “ﬁﬁé;_c{ value

4 L
correspond1ng to the sample peak temp,rature was obtalned

3 2 2 2 Thermalm1croscopy _ :
o -T hot stage ‘ mzcroscope" fﬁf - employed f thleE“
determlnatlon Qi thaw and me1t1ng po1nts of the b1narythff

\

mlxtures prepared.ﬁ ?heA,heat1ng rate was .ma1nta1ned atffe
2 C/mln Just below the predeterm1ned thaw temperature Aboutf‘;
1 to 2 mg of the sample was used for each test The samplesf”
were mounted on. a g%ass sl1de w1th a covet glaSs.:As thef

samples were heated the,jkmperature at. wh1ch the boundary?j.
o of the crystal showed changes’was taken as the thaw po1nt_'

”"and the complete convers1on of the crystal 1nto a melt wasffff

taken as the meltxng po1nt

5 ‘ I l, .
K

-3, 2 2 3 Powder x Ray Dxffractxon Studxes L
| Powdered samples for low angle powder x-ray d1ffractxon_Q:
studxes were un1£ormly d1spersed on a: glass slade.}A pzecel%],

of transparent Cellulose tape was used to seture the powderQ”u
5'. Mgdel FE 52, Mettler AnalYtlcal and Prec151on Balances o
Zur h Switzerland T L Lo T



.

1m p051t10n.; x ray dlffraction 'spectra ﬁere obtalnedfff

employlng CuK rad1at10n run at 2°/m1n and a 20 angle, rn afi:

x-ray lefractometer“-located 1n the Chem1cal and Mlnera1»7f
Engxneerlng Department.J“_, ffﬁf}”' . o o
3 2 2. 4 Photom1crograph1c %halys1s s

Samples ‘of pqyder were examlned m1croscop1cally at x80:a"

‘J g

'2.i‘or x320 magn1f1catlon ju51ng b1nocular mlcroscope“h'f

‘ equ1pped w1th an automatlc camera,.Mlcroscope slldes wereV'"'

£

expos_ur.e t;t1‘mg.) A L ‘ . R

prepared "usxng lIght mlneral Oll :jand[e samples v werea

photographed (1/8 or 1/15 SeC.,exposurg time) u51ng Kodakflw

Plus X (125 ASA) fllms.;When the dlssolut1on process @gs"ﬁg

be1ng : observed crystals X were : exposed ftofa water ahd}7'3

photographed at varlous t1me 1ntervals (1/8 or 1/15 sec.

- , : L e jf”‘*z
3 2 2 5 D term1natzon of the solub111ty of gr;seofulvxn :

‘"ifuTw hundred mllllgramsvf”foff‘, m1cronlzed Cor

chloroform treated grlseofulv1n were sprlnkled on 900 mL offV

HCl xc1 buffer pH 2.0 at 37°¢ whlle the spm fllter wasf »

.

rotatlng at 600 RPM. The~dlssolutlon was mon1tored untll no;h"

further change 1n the absorbance was detected for a perlodvp

e o

HFQﬁ. 2 37 hours 1nd1cat1ng attalnment of equlllbrlum 'i;e,f;z
solub111ty._, ;The'_' 3°1Ub111tY f:thfo chloroform-treated,lrh

grlseofu}v1n-wqaealso*determlned 1n buffer conta1n1ng 35 mg‘_t

5

N of DMPC under Q}actly the same cond1t1ons. ; 7’fij"h,.b ;h

——_——_—.—..——.._—-._——

L' .'s Model PW 1380, Ph111ps Electronlcs, Holland

“-7;"'Carl Ze‘ss Co., @erl1n, W Germany L __,;gd

‘ .4'



3 2 2 6 Partltro . Coeff:cxents of Gr1seofu1V1n 'wwfthe:l:

prosome—Water System 'oJ‘-vff"f.fjiffgln£5?~.m.ﬁ

Stock solutlons of gr15eofulv1n (71 4 mcg/mL) and DMPC ﬂf

4

(10mg/mL) were each prepared in; chloroform Allquots of eachfﬁ
‘1 stock solutlon were transfered to round bottom flasks tofgi.

contaln s. o 3. o 2.5, o 5, o 25, 0 075 0.05 mg of DMPC and‘”

71 4 mcg of grlseofulv1n 1n the'ﬂrled fllm after the removal*i

| "f"of the solvent by rotary evaporation. The fllms were drledf.?

1n a vaccum OVen" at 40°C for 12 14 hours. F1ve m1ll1l1tre9-
B of HC1- xc1 buffer pH 2, 0 at 37°C vere added to~each flaski

vortex-m1xed w1th 1 ‘or 2 glass be&ﬂs untll homogeneous. The.lr
llposomes - were" equzllbrated lat 37 C kﬁn 1iaj shaklngij;
';’water bathl' fog\»22 hours.r'fnei suspen51ons were thenlfﬁ
“'fcentr1fuged vy at 40 000 RPM for 30 m1n. The absorbance ofel;
atne;'supernatant was measured' and the concentratlon of

;

grrseofulv1n 1n the aqueous phase was determ1ned from the'*

e

:Q,j calabratlon curve.. The concentrat1on 1n the phospholxp1d~-’

phase was determlned by d1fference..Part1tron coeff1c1entsf:jw
'"Kg; therefore, were determlned £rom |
K = — — L e (23)

”‘where,-{C+‘jisf'thev‘concentratﬁon “of ‘griseofulvin: before -

———-.———————-—I—-—-—‘

"’ M odel 524 Prec151on Sc1ent1f1c Co ' Ch1cago IL 60647
. Dubnoff Metabollc Shak1ng Incubator, Precrslon Sc1ent1f1c,,
co., Chicago, IL 60647, USA R
_" Model L8-55, Ultracentrlfuge, Beckman Instruments, SRS '
Palo Alto CA 94304 USA ' e R . - /



"”*ééhiiibratidﬁ;;c 1s the concentratlon;‘

_,qh vere’ added 236 L of -0. 2 N,Hg/' The volumefﬁy

was made HR§t° 4‘11tres w1th watef anduphe’pﬂ was measured’lﬂ
SN T 2 SN L
’F;eal1brated wlth'a'sténdird buffer solutlan"
e £ T P . "'/ . ) ;o *

R r Lot IR DRI S
B Buffer SQlUtlon,‘ gH 5 0-‘ Monopotass1um phosphate;;;
(KH PO, 3(36 g) and d1sod1um phosphate (NazHPO..zﬂzo)(O 38 9),;~

. lwere dr?solveddln suff1c1€ht water to make 4 l1tres. The pH””"”

WP

jlﬁsolution'Unaer Non S1nk Cond1t1ons | |

fhe d1ssolut*pﬁ r%te measurements were carr1ed out~f?
ed vers1on of the sp1 lter. dlssolutmnvfj .

of . hah and Nelson (73) The d1ssolut10n flasklf7

w's 1mme?sed 1n a water bath 51tuated on top of the magnet1Cr'

"stlrr1ng control un1t through which water (37+‘0 5 C) wasf_-

j'__-;' ...... '--4 _____ :

e F1sher "A;cumet" Flshér Sc1ent1f1c Co., USA o R
> .. Magne- Dr1ve Model 74 Coffman Industrles Inc.; Kansas R

- City,"Usa.



U;*wc1rculated wrthvthe a1d of an external temperature controlfnei
.&un1t"‘b The d1ssolut1on med1um (900 mL) was contlnuouslyd'lh
’l_c1rculated (40mL/m1n ) through a 1 cm 5111ca glass m1crocellffd3
'J1n “a - double beam spectrophotometer” WIth the aad q! af:]
‘rfbper1stalt1c pump "'The absorbance was monltored at x
;f293 nm and recorded on a pr1nter’?:and a- recorder.:_ Thef;h?
‘?freference cell Aconta1ned dlssolut1on‘_medlum.L@The;ln‘
wd;absorbance values were converted to concentratlon u51ng the,f“ﬁ
*h;callbratlon curve prev1ously constructed Tbez speed offw
merotatlon of the sta1n1ess steel f11ter was mazntarned at 600ib5
ﬂfRPM When powdered drug samples were used the w1re~mesh;;”h

tablet basket was removed The tub1ng (latex rubber tublngdh‘A
around the perlstaltlc pump,( teflon tub1ng from samp11ngj;
Q&port to the flow cell) were made as short as p0551ble. (30ffj
: and 4125 cm, respect1ve1y) o reduce the lag tlme-'for;’i
”;q obseleng he“ absorbance of grlseofu1v1n.[ Under 7th¢sé;7°
Etcond1t1ons badsorptlon f,ggrrseofulvrne_v'sl found _totibe
absent. R l fﬂﬁ _27)7-l”“f[;f?f ,-if,'tgff‘tf' :
.'3v§§f Dlssolutlon ‘tests were conducted w1th grlseofulv1n .
._excess Qf 1ts.solub111ty i.e. under non- s;nkgcondltlonsv
unless otherwlse ‘bec1f1ed A welght. of dr1ed *powdered
sample equ1valent to 50 mg of grlseofulvxn (coprecxpztat(}__
"solvent—treated' grlseofulv1n,; phys1cal ﬂ- m1xture, _.;orf:
.commerc1al m1cron1zed grlseofulv1n) was used Samples were v

—~..—_J.-——_—-———._—-—.—»

23 Model D8 “Haake’ Instruments, Berlln, W, Germany‘mq. '
f” Model 25, Beckman Instruments, Irv1ne CA 92713, USA.
2 mlnlpuls 2', Gilson Medical Elthron1cs, France..

." Model 39, Beckman Instruments, Irvine, CA 92713, USA

2 Model 24- 25 ACC Beckman Instruments, I:vzne, CA 92713 L

’1455 S ‘.-ﬁ_pl._“u;”rav ﬁ:hb'“"ﬁ .



I -

”‘ﬂlfs1eved through US standard s1eves (80 120 mesh) pr1or to%”f

PR

wfwe1gh1ng.-$1eved samples were spr1nkled on the surface ofdﬁ;

;‘}’th st1rreﬂ d1ssolutlon med1um at the beginn1ng of the}lf

'If'reactxon.;ffgfilfb*-"’"""

'"~‘i3 2 3 3 D1ssolut1on Under 81nk Cond1t1ons

A wexght of dr1ed powdered sample equ1va1ent to 1s 5 mgj;}

srifof gr1seofulv1n, 51eved as descr1bed above was spr1nkled onfj{V

"li;the surface of the dlSSOlUtIOn medlum conta1n1ng 0. 001%55“

'ffspolysorbate 80 Mlcron1zed grlseofulv1n, chloroform treatedjﬂf
'ygrlseofulv1n,,and grzseofulv1n DMPC (JS.li,:; - and 1.5r15
we1ght rat1o) ;coprec1p1tates _were~~eXamined'fundero tbe$¢';tf

s e

cond1t1ons.

9 2 3.4 stsolutlon df a Tablet Formulat1on<~
<f‘h'A Preparatlon of Exc1p1ent Blend rh‘

P

| l'Lactose ﬁSP f j}fia{ffﬁ= éérbdb“ghflllhﬁl
e '{,jg.v.f‘Corn Starch use ) 20 875 s |
BVP 25000 . . 2.625.9 Rt T
BN i fTalc ',ea_‘? j’ t;.l :_ 1 500 9 .‘. _ :
Lactose,‘10 44 g of corn starch and PVP were 51qupdd"

4through a # 40 mesh US standard 51eve and then thoroughlyfn;

p

”'f;mlxed 1n a mortar for 5 m1n. Absolute ethanol (2 5 mL) was:°5

?dadded and the mass further trlturated unt11 the
'-con51stency 'was obtalned The‘_wet mass was St
'ffs1eved through a # 40 mesh szeve and then dr1ed at 70 C forlf<

@l
. R



& 7;:the“’ 51eved ) agaim through a. # 40 meshﬁfszeve, and then:*.l
_:iblended for 15 m1n.,1n a bottle attached to a twln shell dryhfZQ
”t_blender”‘The lubrlcated granules ('ﬁxc1p1ent blend ) were;"

[ then stored 1n a tlghtly closed conté1ﬂer unt11 ready for

fmachine’f by manual rotat1on of the fly wheel Mzcronlzed,“ :
fgriseofulv1n or - gr1seofulv1n DM?C (4 1) coprec1p1tate were’”

'aps1eved through a # 40 mesh s1eve and ‘mlxed w1th ianf

“"~Ewe1gh1ng 150 mg each and conta1n1ng 50 mg. of grzseofulvxn.h'd
'iTablets conta1n1ng coprec1p1tates were compressed at 3.5 or :
5;5 5 kg~ hardness as determlned by Stokes Hardness Tester.

Q.

hTablets of m1cronlzed gr1seofu1v1n were compressed at 5. 5 kg¢

‘f;]iwere carrled out .on. ten tablets 1nd1v1dually and the resultsl~
‘ “jfwere statlstlcally analysed us1ng standard procedures.-Thef
fdlssolut1on test was conducted us1ng thé spln fllter testl"ﬁ

;'apparatus 1n dlSSOlUthn medlum at pH 2 0 as prev1ously7mb7

1 hour 1n a hot a1r 0ven. The drled:granules and talc weregufl

Vi

Q.

o i
L3

B Tablet Manufacture : djhfd'ﬁl°h d'“

' Tablets were punched on- a. 51ngle- punch tablettlng.

Ky

. .-————4—“—-—"_

'descrlbed Tablet d151ntegratldn txmes were also recorded

AN R D T

.. Sow
IS S L
7

H ',_v!r

17 The Patterson- Kelley Cq. Inc,, Stroudsburg, PA eUSA.ilbjf,f
';-A" Model F3 Manesty Machlnes, leerpool‘ England T

L Sy
,vappropr1ate amount of the exc1p1ent blend to prepare tablets} .

'5:;'hardness ogly. Placebo tablets us1ng onig the exc1p1ent_j‘

t blend were also prepared Welght var1at1on and hardness test"‘-



;ff?l3;z;3;d | Dzssolut1on'v?oflf;uidrooort}senefﬂegéétatgjﬁ;(Hfoiiﬁ'
-]Formulatxonslriff“:_ .e“_. - _lx_.ll,; ,' B L R IR

3 i A, Callbratlon Curve-for HCA determ1nat1on _
fli Ten mlllzgrams of HCA was d1ssolved 4 0 mL of

nf;ﬁ:ethanol and d1luted to 100 mL wzth pH 5 0 HClvac1d1f1ed

-

“{1'water., Further dllutlons were made w1th water to obtaln
'*g?fconcentrat1ons .ranglng from blf mcg :to 20( mcg/mL 'Thgjd;7
.labsorbance of the solutlons was measured at A 242 nm and
rplotted agalnstb toncentrat1on‘ to obtaln the calxbrat1on
. hffcurve. :Af regre551on equatlon for the stra1ght l1ne 'was hV
"ﬂ B Preparat1on and D1ssolut1on of HCA Formulatlons o : N
Coprec1p1tates of HCA DMPC (4.j jwerght -ratio)~ wereff"
llprepared from -chloroform.aorthsdfmnﬁioifta; m1xture hoﬁhl‘
.7j“DMF chloroform (2 1 v/v) follow1ng the general procedure.‘dn
‘“‘S1m1larly solvated HCA was obta1ned by treatlng HGA . w1th
‘T;DMF The samples were dr1ed In vacuo for 12 14 hours then
_s;eved through US standard sxeves (80 120 mesh) prlor to

";we1gh1ng Sleved samples equ1valent to 50 mg of HCA were

e

:spr1nkled on- the surface of the stlrred dlssolutlon med1um
"lhf(ac1d1£1ed water at pH 5 0 and 37 °c). The absorbance of HCA

- was monltored at 242 nm..v T 'f:vﬁ I, S f,f}’: fl,j:w

3 2 4 Bloavaxlabxllty Studles ' L 3
.j%? | Adult ' alb1no, male, Sprague Dawley rats welgh1ng

bdtween 268 and 355 g (ayg -312 g) were used. The in vao 5f

b1oava1lab111ty was obta1ned after oral adm1n1strat1on of

"'. . . .,»..‘



’Jhﬁm1crbn1zed gr1seofulv1nﬁﬁ

fgfigr1seofulv1',v PC coprec1p1tates (19 1 4 1 we1ght rat1os)

and. grlseojq;“

e

~ffj;and the extent and thﬁ_rate of abSOrpt1on of grlseofulv1nf7"

samples.#_"' L

'3';-72.-.4? ! .Af‘ﬂalvyft i~¢ia‘:1 : 'f’;fo"‘csdutreé' o

A H:gh Pressure quuld Chromatograph1c Analysxs f"'

[_A ' number of ' methods 'yfor}ffthe'j determ1nat1on ;[ofh"

‘”;;grlseofulv1n 1n ur1ne, plasma,'and sol1d dosage forms havefjh

B _.“‘p},r’ported These 1nclude gas 11qu1d chromatography (146
SRR S

'ff;chromatography (149 to 152} and thln layer chromatographyl_”

f:'n_(153 154) In the present study a mod1f1ed method of Zxa etje f

(152) ‘was’ used.

':Thef chromatographxc'psysteﬁ cons1sted ‘of fhsolventhb_
'pdel1very system”,g a f1xed wavelength uv de_ector" (28051:”
:“fhﬁi,'a Rheodyne 1n3ector"'w1th ‘a 20 mcL loop, 3 ]5 cm C,.h”:"
Tfrécolumnﬂ%,“.and an 1ntegrator plotter .f The mo 1le phaseim"‘

‘)fthon51st1ng of 45% v/v acetonltrlle 1n 0 M ace 1c ac1d atAa

,.,% 'j B 11" C T
;ate.waé’sab at 1 0 mL/mln.»,;,,'. o
S ? ‘ %Y § - . . . I :
: l (? : “:3,‘. Pe L L ! ‘.': ! n " L-' . ‘ Lo '."; Yy
. K4 .."' “'9"’ A P T | . .-: t.' . :
{;',5 Jr:-‘--' ——————— .&-.’.’..’.4..' T S I3

A ﬁ!ﬁdea s, Waters Asfoe, Inc.,_mlford MA 01757, ,USA.
©9 2% MoBe] 44D ~Waters Assoc. Inc., Milford, MA 01757, ‘USA.
*”‘M’ééT@ﬁlZg Speetra’ Physics, Cotati:, Callfornla, Usa,

"y a2 "Novapak Waters ASsoc. ‘Inc., Mllford “MA® 0175%. USA.

33 ChromatOpac Model C R3A Shzmadzu Corporat1on, Kyoto,
Japan- ""-‘v » L. . . SR

s . e

" AN . . .,,”a‘n R . Tl

n: DMDC (4 1 we1ght rat1o) phys1cal mlxturerf'ﬁ

Sy

spectrofluorometry (148) h1gh pressure llqu1dﬂ-5



L

(1) ConstructloQ of a Calzbrat1on Curve ‘.

Stock solutzons of m1cronzzed gr15eofulv1n (200 mcg/mL)7

',fand 1nternal standard m-phenylphenol (200 mcg/mL)(147) were?
t‘prepared ifiacetonltrlle.‘ Subsequently,:u h_ follow1ng’
"r;dllutzons were made- 2 0 mL of eadm stock solutxon were ;
'ii,dlluted to 100 mL w1th acetonltrlle (Solutlon ?K) Blankf B
'::plasma (100 mcL) was deprote1nlzed w1th 100 mcL of solutlon'

oA, vortexed for 10 secs, centrlfuged" then 20 mcL of thef“

~iqfsupernatant werei 1n3ected us1ng Va, 100 mcL syr1nge".

'fl_Chromatograms complete w1th peak areas were recorded'fin
_tr1p11cate and the averages computed 1 0 mL.of griseofulvxn_.
W,Stock solut1on and 2 0 mL of the 1nternal standard stock

"fwsolutlon were diluted to 100 mL WIth aceton1tr11e (Solut1on;:

"'B) Blank plasma (100 mcL) was deprote1nlzed w1th 100 mcL of

7

- fSolutlon B, centrlfuged as before and the supernatant wasw7

,;‘1n3ected, Tr1pl1cate analys1s were made and the results,

° daveraged The 1ntegrator automatlcally constructed a “two

‘;,ﬂpoxnt ca11bg?t10n curve u51ng the average values obtalned,*"

from the above 1nJectlons then reported a response factor fﬁv

for the calzbratlon curve whxch was stored forzi'tf e'use.

Samples of blank plasma were splked ulth éarlqus knownd

‘ _concentratmons of gr15eofulv1n and 1nterna1 standard ‘in |

,'acetonltrlle.} The samples were vortexed .for“ 10 secs}f“

",'7centr1fuged and 20 mcL of supernatant vere '1njected asf

BERRS Ham1lton Co., Reno, Nevada 89510 USA

1 7

f”before._ht the end of the run the 1ntegrator fePOYted the"‘

'3concentrat1on of the drug wh1ch was found to agree wlth the o

_—-—_-—g—-—--i———b—,’ .

3 M1crocentr1fuge, Model 235A Flsher SC1ent1f1c Co.,vUSA

e S R T
-l

o



splked concentrat1on.;_3

Wt

(11) Determ1nat10n of Grlsedéululn 1n Unknown Samples

-f“1n1t1a1 screenlng exper1ments showed no S1gn1f1cant
’ 'r

dlfﬁerence 1n the grlseo£ur»1n conc¢ntrat1on when one. or two
. i volumes of acetonltrxle were used for the deprotelnlzatlon‘-"
~v§ of plasma samples. ﬁlasma samples contalnlng unknown amounts

~.-

. of gr1seofulvln were deprote1nzzed uf1ng one or two volumes._H

; frog_:ntheff.1nternal standard :FsOIum&on,. '(4~[_mcg/mL)1n o

' acetonltrlle, vortexed for 10 secs,'centrlfuged and 20 mcL

B of the supernatant was 1njected as before. The appropr1ate
dllutlon factor was applled to the recorded concentratxon to

?h ' obta1n the actual ,concentrat1on o: grrseofu1v1n iin‘ the_‘;;
-p_las,mi s,a.mples'- o o ..

. . i 8‘: ":, 2
@Mass Spectrometrxc Analysxs )

Plasma samples obtalned from a- rat d05g§®}w1th an’
5 ‘
< o

-;acet%nztr;le, centrlfuged and the supernatant 1n3f

o #PLC' as descrlhed before. The - peak elutmg at 3. 5}

7 Y
: wr_collﬁcted from several such 1nject1ons. The comblne-;
S ke . : ’
‘ drle§ in..a* vacuum 'concentrator". ‘The re51d

R4

*fufd1SSolved ]Jl 25 mcL of - methylene dhlor1de and 2 umfs

s | R
,1ngected 1nto the gas chromatograph” attached to the mass

B R

spectrometer",'a data system”;'andza hadecopy unrtfq;zg]e;:

v 3¢ Model svec: 100H Savant Instruments, Inc., Farmxngdale,v_
o NLY., USA, '

i 27 Model! 5710 A, Hewlett Packard, Avondale, PA 19311, USA,
i 3% Model 5980 A, Hewlett-Packard, Palo~Alto, CA 94304 USA.
e ,” 5934 A, Hewlett Packard, Palo-Alto, CA 94304 USA‘ ’
cose Model 4631 Tektronlx, Beaverton, Oregon, USA o

ng
A

a



Tl

”;r1o metre lonapnll (100% d1methylporysaloxane) column"“was¢>f1

ifa;used The t%mperatUre was programqugto 1ncrease llnearlypﬂ}j

:‘efrom 100° to 280 C at a rate of ligf/mxn. The carrler gasd_]ﬁ

‘rwas hel1um mt a flow rate of 2 0 mL min..A gas chrcmatogram;ﬁ

:1'fand a mass ~spectrum were subse@uently obta1ned A gas:'

T n

"53chromatogram and a mass spect-, um were also obta1ned for af;

'Lpure sample of grlseofulvln d1ssolved’1n methylene chlorlde'

"by 1n3ect1ng 2 mcL under 1dent1cal cond1t1ons."‘”
3. _2.'.«'4,.;,2 nioavauabngt‘, ;Determ‘i;n a t_i"é;"n'

A. Cannulatzon of the Jugular Ve1n -J.-»gf,hh;a, SR
» ' ) ’ " M . . N .

v.'Thé] rats were anesthet1zed us1ng dlethylether.,;Therp.

'fjan}mals were then shaved on the dorsal and Ventral s1des of'm“

,dtheﬂ neck and hv shaved area .a snabbed Hlth :70%_:,.

H'_,iSOpropanol Metofane (methoxyflurane) was . used durlng'q.5

’-'surgery to ma1nta1n anaesthes1a.?
A 1 mL syrlnge was f1tted on one end w1th a 23G needle'

f:and PES0** tubing. To the other ‘end of this-

;s1last1c" tublng 2 5 cm 1n 1ength was attachedh He ar1n1zedh.
'sal1ne (10 un1ts hepar1n/mL) was drawn 1nto the syr1nge andl;
kept ready for the cannulat1cn procedure.~_ | o

| A small 1nc151on was made in the shaved area JUSt above‘d
”ithe Jugular ve1nr The ve1n was exposed then.two p1eces.of'd
:‘ surglcal suture thread were: placed i-,cm apartj‘helangthedlt'

‘+“

_—--_—..—————-—__——

4 JeW Sc1ent1f1c, Rancho Cordova, CA 95670 USAg e
‘2 'Intramedic' polyethylene tub1ng, Becton D1ck1nson and C

'-'-Co.,APars1ppany, N.J 07054, ' -

© ‘i'Silastic’, Dow ' Corning Corporatlon, Mldland M1 48640 ;*7
. '. USA-‘ E i .

soft -



amOunt of ndrmal sa}ame to preventghrfnkage. The upp'
'1’fthread was then tled flrmly around t

P

4

vein to prevenf,anyfff

f5fﬁblood flow._A small 1nc1s1on was. made in the Jugular vexnf o

"aflnserted 15 20 mm 1nto the ve

~ﬂsk1n. F1nally, q!ﬂ of the 1nc151ons were sutured and ‘the '

’.V

“w

9

A.fand 1mmed1ately hu. 51last1c' ”Abe;ﬁof{ffhef cannula as::'
| :then the lower thread wasfvﬁp
h,ft1qp flrmly to hold’ the ca'nula 1n place.. After mxnorfv‘
'fadjustments, the other end of the cannula was brought to the'erl

,dorsal 51de, through the body wall and out thorugh the_{"’;;“

':cannula ~fk flushed -‘w1th ,.hepar1nzzed sallne (1001f

gun1ts/mL) At th1s po1nt “the open end of the cannula was,;fa

”fhfblocked wlth a needle blocwéi.fhfter recovery the animalsﬁx--'j

'f’lon the. follow1ng daylxg"

g ’

B Oral dosxng and'Blood Samplxng

The rats were fasted 12 to 16 hours pr1or to d051ngg7"

"7:ewere housed 1n metabollc cages untll exper1ments were begun'.

'ﬁ'water was, allowed ad libitum.‘The anlmals were adm1n15teredh‘

' a 51ngle dose of 100 mg of the drug or 1ts equxvalent per Kg-

.body welght by orﬁl 1ntubat1on prepared ,as -an aqueous?

suspen51on, Just prlor to dosxng ) The ‘suspensxons weredg

'-\

'needle and syr1nge'.were r1nsed three t1mes w1th 0 2 mL

} prepared in mlcrocentrlfuge tubes (1 5 mL) the amount ofd
~.:powder adher1ng to the tube and the d051ng needle”ﬁas;

'.»estlmated accord\ng to- the follow1ng procedure. The d051ngﬁ"

IR PO
a

~_guant1t1es of water wh1ch were »then transfered 1nto the S

' i‘centmfuge tube, The water was evaporated at 105 c in’ a hotsjg



%f';substractlng the HElght of the*empty tube,,the amount of

needle hnd the

‘f;fcentr1fuge tube

A.f;;negllg1ble 1n all cases (0 2 to 1 4 mg) ‘5e,‘&;'

J

'ﬂ#fve1n Just before dos’ng and at 1 2 3 5 7 11 and 24 hou:sf.*'

.‘37afterad051ng The ca,nula was flushed with normal sallneiﬁi"

'{ﬁVSolut1ons (contaxnlng 10 unlts Of heparzn/mL) f°ll°"1“9 eaahi;fﬁ

'5;~sampl1ng'y

SE

,;21 separated an w‘mmed1ateLy frozen 1n a freezer untLl requ1red

 t_“ Model 17 Prec1s1on Sc1ent1f1c Co.b Chlcago, IL 60647_

A sample of blood (300 mcL) was taken from the Jugulag

!"A

Thlsaz found ibﬁl;‘f

Tﬁgg sample kégj centr1fuged he plasma was -



| 4.7IN-VITRO STUDIES .
EER -11.;_1 ,Aréé‘-l.ys‘i s of Griseofulvin

.o

v‘..

4, 1. 1 1 Ultravxolet Spectrophotometrxc Analysxsfl"}'“ﬁf"'v )

e te

A lznear callbratlon curve whlch obeyed Beers law oVer—5f5

'the concentratzon range of 1 to 30 mcg/mL was obtalned for'i'

grlseofulvzn and 1s shown*ln Flgure 2 Regress1on analyszs';'l

'7'4 of the expetlmental p01nts y1e1dedJslope = 0 0668 1ntercept

o
-0, 0059 'fandtbcorrelat1on -coeffzczent ' 0. 9999

' Reproduc1b111ty at the lower end of the range was 99 2%. It o

' was calcnlated from jf_ '”:fi',_t"sdf'f - i_*;j,f s

.‘was l1near up to 40 mcg/mL w1th a devzat1on at the upper end

of the range stg:ﬁx. The molar ext1nct1on coeff1c1ent e,hy-
s :

'..)“hv

wh Te, A 1s the recorded absorbance at A 293 nm b %s

the optlcal path length and 1sﬁequal to 1 cm C ts the molar

concentratlbn of gr1seofu1v1n 1n the aqgeous solutlon. The'

w* average value of was calculated to be 23 847 L/mol/cm

(n 7) ThIS compares w1th 24 900 L/mol/cm for grls&ofulvln i"
in ethanol (155) and 244100 L/mol/cm 1n methanol (156) |

var1at1on of ‘_,values obta1ned from callbratxon cur;r‘

determ1ned at dlfferent t1mes was +1 3%
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F1gure 2
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= 293 nm)
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Results of the analyses of gr15eofu1v1n from 19 1 and

~

5:jsummar1zed 1n Table 1 It can be observed that the agreement

)

I

'grlseofulv1n 1s~ 99+% and furthermoreb/ sampllng dlfferent

jvg“port1ons of a batch (samplesfl and 2) demonstrate a h1gh

"jbe 3. 5 m1n.:and that of the 1nternal standard 5 0 m1n...'
'vt34;112t?hysic;l@tharibteriiationf thériseofulvin‘torﬁulat;onétjpfﬁ

*],4 1 2 T D1££erent1al Thermal Analys'

“"Qdegree of un1form1ty grlseofulv1n content ‘(98+%)

'ﬂtyplcal chromatogram resultlng from these ghalyses 1s shown

B

'ffziln F1gure 3 The retentlon t1m& of gr1seo£utv1n was found to

3 (DTA)

-

'fn D1fferent1al Thermal Analyzer LS presentqd 1n Table 2 T?e

fcallbratlon curVe obta1ned from a plot of callbratlon

'

¢

"h“was-determlned The observed value of 101 8 Joules/g 1s 1n

‘Cvgood agreement w1th a prev1ously reported value of 98 4

N

-A

treated w1t{#—dzf£erent solvents, and grlseofulv1n DMPC

R ,__‘;r,

"fff“4:1 we1ght ;ratlo gr1seofulvzn DMPC coprec1p1tates ahef‘

o 4.1 1 2 ngh Pressure L1qu1d Chromatographlc (HPLC) Analysxs

';g-between ! theoretlcal and.' observed concentrat1ons “fofkfgtf

The data for the callbratlon of the Flsher Quant1tet1ve qﬁf“

"ecoeff1c1ent versus the peak temperature ;15 deplcted in o
1F1gure 4 To conflrm the val1d1ty of the cal1bratlon curve,_'o'

~T“the heat of fu51on of a reference substance, benzophenone,ﬂu;lj

|'~*f300185/9 (157) f?*;°'xf5fs-"“ﬁ "J'_,5f§jf, z,”"‘ fv';?f;;;Vd»
:.:fﬂ~ Thermograms vof untreated grlseofulv1n,. griseofulvin"”'”

| o
"g'COprec1p1tates are shown 1n Flgures 5 and 6 respect1ve1y..,ur‘

"'ﬁThe thaw and melt temperatures are shown 1n,Table-§.,The¢g_sw



€£1seofu191n DMPC'”f»'"

HPLQ _Analy51s ot Gr1seofu1v1n from 'Cbﬁ#ééibitéféé'

L of]

“Rsr j

(Wt. Ratlo)

Coprec1p1tate Batch ; Sample

Comp051t1on _;fbe.f: ¢,No,3r

Grlseofulv1n Conc. (mcg/mL)fﬂ

| Theoretical

*»%j/ L

" " 4

Observed: |
SN R EIRAA

. &

2,00

‘fi??qquf” -
| K& :”:2'-.06..": -
. oo :

C2.00

1.9980°
1.9764

2027
t{f:{f;d;§b3§1 # ;

f féib42¥ﬁ‘  |
:"_‘l‘z 0 1 53 L
;3{':;1 9871fﬁ§&f




:'~§Ca11brat10n Data‘for the Flsher Quantltatlve leferent1a1

Y

“*ffThermal Analyzer us1ng D1fferent Calorametrlc Stahdards.

Calor1metr1c gf ; Peak - *ﬁeat.of'»,fgCalxbratlonv1%

gjeStandard MV Temperature 'h' ' Fus1on vfe5Coeff1c1entJ

"". L

r‘Tﬁ$“’?ﬁ:v{’::*? - ,;T”l'17 f-rf-'ff£;¥:;f7§.‘;gffe Werfif; s
Naphthalene ST 84,00~ .o 146.69 . 10, " EE

Cpess L mser’ o s ey
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e

:Flgure 3 HPLC B chromatograhA *gbtéiﬁéd  follow1ng ‘thé 
*'1njectxon of a solut1on of grlseofulv1n ﬁRPC (4”1 we1ght;f
»~rat10) coprec1p1tate 1n acetonltrzle. Peak 1- Gr1seofulv1n,
f;Pe:i 2—'1nterna1 standard 20 mcL were 1n3ected‘on a. Sm- C,. .
ﬁ;noyapak Column. The vflow rate' of the moblle phase (45%v;

5}acet“n1tr11e 1n 0 1 molar acetxc ac1d pH 3 5) was 1 mL/m1n.‘;




Ceww o p

L

4,'
PN L

FIC ENT(J/deg/ml n) AT

" CALIBRATION ~=c.fo"$

S

o
- 1
?
.

P

<.
1

-
1
-

.is0 . 100 5480 - 1200 250 .300.- 350 400
Sl PEAK TEMPERATURE T el
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5,5D1fferent1al Thermal Analyzer | under  th. followxng

o

"_condltlons. SamPle 51ze'  15 mg, Referdnce'i Empty pan,v

.le 25 | 1n/m1n.,

f;Heatlng ,fééé- | 10°c/ﬁin. ?_Cha;t'

:-_sen51t1v1ty. udzng thei
SRiviins

.,ca16r1metrLc standards "aphthalenex R ” “:Sn Pb"'5
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thermograms ;bff],fb;~; Untreated BeL

.l:‘i ‘?Fxgure S'd QTA
 'Chloro£otm-treated e Ethanol treated and D-l Methylengm;

}}chlot;de treated gélseofu1v1n,¢3~-




F1gure 6._ DTA : thermograms % of-»'v? chloro'form'-treated

;.z

7-f"'gr1seo£u1v1n~DMPC coprec1pitétes bf. varxous uerght ratws.

.‘}

'i;‘E 0 25 1-"and ?mO“_T”."



f’.

{hjrhagram‘,af untreateg grlseofu1v1n contazns 7a major

‘5g:efdotherm .pat : 221°C (158) Ih' thermogram | if;ff}f:

’f;ﬁ‘chloroform treated gr1seofulv1n (henceforth referred to as

.'Af-solvated grlseofulv1n) dlsplayed : peaks-f ’ major

U .

ﬁ_endothe;mlc peak occurrmg at 221 C correspondmg.‘) to’the

-;‘...'

C;ﬂ:melt1ng po1nt of gr1seofulv1n and a broad endotherm1c peak

,\,_.I

tff;at 115 to 128 C A 51m11ar second peak has been reporte t

hf;f95° to 130 C for solvated gr15eofu1v1n (95)._Th15 peak has

"#pﬁbeen attr1buted to the desolvatzon of solvated gr15e9fulV1p

"thhe presence of the same desolvatxon peak 1n the thermograms :.[f

"'frof the grlseofulv1n DMPC coprec1p1tates (Flgure 6) also ;*;;f

Wfr:eVen after rlgorous dry1ng cond1tlons Ay

”fjfheen reported vby; others (159 160)
"ft‘solvent treated gr15eofu1v1n usxng ethanol

{?}ichlorxde dzsplayed a s1ngfe peak at f?

f-ffamount of chloroform retalne

'”fwas also estlmated from sample welghts and was found to be

""sugges:f that gr1seofuIV1n~ex1sts 1n the SOlVated state in

~ -ithe co rec1p1tates. Thls Peak ébuld be repeatedly producedxff?f“

acuo for 12 14
'V;hours 1nd1cat1ng a h1gh stab111ty of the s{;‘ated state of

‘“i}gr1seofulv1n 1n the solxd state. Such a phenomenon has also

:'Thermograms fhﬁﬁ[h‘

»-x v)

,;’for1 methylene
'$

[ 1nd1ca&ang that g,;

'?ﬂhese solvents do not form solvatesrwlth gr1seofulv1n i

Y;1-r{’°the drled coprecrplt%tes

=)

in a 1-1 molar rat1o (Table 4) w1th graseoﬁu1v1n._uf?'“"‘

R R X : o "'D.,'
., . .

P e

‘“T;"A comparzson fus1on témperatures“ and AH fvf'ﬂ:{fﬁ

;fﬁ gr1seofu1v1n DMPC ?ye1ght ratxos USed ﬁk thlS study as fd*

ffi copreolpltates or phys1cal mixtures rs glven 1n Table 5

h[fThese DTA results clearly demonstrate 51m11ar1t1es 1n the" :

N S _;_:'

Cllw



Coprec1p1tates obtalned from DTA

;iil JThaw 1efend Melt Temperatures ff

of - GriseofulviniDMPC

”¥CopreCibit5te»5ﬂ'vvjj’fDMPQ T

(Wt ’ratlpJ-.'Théﬁ-PQiﬁt;vj;'M;P;ﬂfi

5 Comp051t1on.”Af—4£577f4+757-{—5{;3e~e
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Tables4 .o

DN

'“JQuantltat1ve Determlnation' df vthéi Amount .5f Chloroforml7*‘

- fBe;alned.,;ﬁ the Grlse°f“1V1“ DMPC COpreClpltate Crystalfj5 

7 lattice.:

“,  C°mp°S1t1°n ;f";f we1ght of j, cnc1,.ﬁ,5 i . .cHel,

§ _rf(we1gzy" {;;*_‘

4"

-

‘!bh 15?5;; ? 

4,1.5:1}-‘

3 Coprec1p1tate et Analytlcal-‘“ Amount of Tgfﬁgé¢;gi§1n;f}g:

#fGrlseofu1v1n:;?.g:eta1qed -‘3fj;1_(M61§*5ff'

4‘«» .

e - coppt. (3) . Coppt. (g). . -

H ’"

BE o;j' 13

91 *a,;1 oa 1 o7

'J;QO 91s o 90

- f;o 68: o 67

in. the-Q?Vk_uﬁ?ingthe;jgdf;ﬂ;;gRé§;¢)S ,_3**
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”‘-fj-'.."“FUSIOH Temperatures a"nd Heats of Fusmn of Grlseefulvm DMPC-,.-~

"'fL_PhYSICGI Mlxtures and‘COprClpltates.-ﬁ :£5;¥;¢j

Sl e
.‘J- L e . s -

"% Composition . Fusion Temp (°C) = -

“””SWfff*fli?f :f;f’3f }51f*{f5??ff5féff?f?i°

MM (Joules/g) oL

R e iy
R .



’Vfifusion temperatures pﬂdf both formulatxons bb ma;ked“" h
"?fd1fferences xn AHU 1nd1cat1on of dlfferences 1n thelrlefﬁf
energy states.:There 1s a gradual and un1form decrease 1nﬁﬁ73'

;v.AH w1th coprec1p1tate compos1t1ons vhereas there lS a dropf“ﬁfﬁ

din:fAH to a constant value wlth any phys1_ }f

‘hflfcomb1natron. Th1s reflects obv1ous dlfferences in the manner{i o

'cfdxn whxch DMPC 1s assoc1ated wzth gr15eofulv1a 1n these twof"v

7ﬂformulatlons.;nﬂ'g° ;

%ﬁjﬂi % 2 2 Thermalmxcroscopy (TM)

Results obtaxned i

»3 ~

’jggrlseofulv1n~DMPC coprePeC1P1tates varylng 1n com

':ﬁﬁbfrom 13 G»to 0 5 by we1ght are presented 1n Table 6 As thenf{fy

.‘:f;samples were heated 1t couid be observed that DMPC andepf“dd
“”?ﬁgrxseofulvxn exhlbited p:1ndependent ’ thaw .ndﬁ meltfgﬁﬁﬁ

T7fﬁtemperatures. Durlng heatzng féf these systems fit*ﬂﬁas:f%?f

5 :hobserved that between 100 130° :opaqulng of the ‘c\

"hfoccurred followed by strdctural collepse. Prev1ous reportsd‘v

fffof s1m11ar observat1ons suggested that (161) the occurrence, L

mlxturefﬂf"

‘fTH” measuremen s Y ST
51t1on““-‘

E'-'-'vc::f opaqueness 1s the result of desolvat1on. The melt1ngttf;*'

\

“;;ils 1ndzcat1ve of theceffect of an 1mpur1ty on the me

7d§fpo1nv of pure compound exh1b1t1ng part1a1 m1SC1bllity.T,

bifithe 1mpur1ty.

"e"po1nt oﬁigrxseofulvan and DMPC also decreases sl1ghtly asfbib"

*u1ts fract1bn 1n the coprecip1tate d_mlnlshes (Table's) andlfffﬁ

sy o
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*f*;ﬁo 251,10, 11~1) f' enabled o, p"

- monotect1c system, the type OfgWhICh also has been shown to

N

.r.

'éaditioﬁ of't

| drug carrler systems (162) ;ﬂ f[r »;'

o 4 1, 2. 4 Powder X—Ray Dxffractlon Studles.

durlng sampl; heat1ng and ﬁor:some samples (e g 0 43 1'

determlnat1on that
unobtalnable from DTA

.-a-,.’ :
R

4 1. 2 3 The Phase nxagram-%_;ﬁ‘
. -gThe,phase ﬂlagram as shown 1n Flgure 7 1s characterlzed

by a 11near SOlldUS curve (lower 11ne) and a l1near 11qu1dus

'curve (upper l;ne) @emonstratrng a blnary system in whlch s

.’ .t-

there 'is_ very l1tt1e mischlgxty fw“the:bcomponents.

Consequently, _1t 1s concluded’ that this sol1d dlsperszon

R a

system does not form any 51gn1f1cant eutectzc _or sol1d e

¢
solutlon.,The thaw and melt temperatures of each component
A ‘,A. . L~
exh1b1t sm'll’ dlfferences and the sl1ght slopeS» of the

solldus llquldus»-curves furthe:.ulnd1cate vthat ”the-

a

‘other. The phase dlagram is an example of a
' *.

N

- of each 1s lowered only sl1ghtly by the

descrlbe »thes' solld dispers1on _ behavaour.s oftl other -

Y
.

: Powder & x ray _ d1ffract10n 5 spectra ~o§, the ¥ pure

N A
components, gr1seofulv1n, and DMPC are shown 1n F1gure 8

'fTh‘;fspectrum or_'untreated 'crystalllne' grlseofulv1n is-jﬂ

characterlzed by major h1gh 1nten51ty peaks at 16 4‘ 23 7
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o Flgure 8 Powder x- Ray D1fract1on Spectra 'o£;~ A untreated

gr1seofulv1n, B chloroform treated arlseofu1v1n, and C ﬁﬁﬂs.-_

~



pf26 6(20 ) but pronounced changes 1n the occurtence °5;
;f;other mijor peaks and reductlon Jn 1ntens1ty, el1m1nat1on?57~ﬁ
";fand shlftlng ofmthe mlnor peaks resulted Raman spectra ofk
”7fifgr1seofulv1n and solvated gr1seofulv1n obtalned by other:s,‘_.fﬁ'___:f.'j

l;f(]SG) 1nd1cate the same 1mc1dence and type of crystalllneff"

f;idof the spectrum of gr1seofulv1n may be due to expansxo'

1jjthe gr1seofulv1n crystallxner

;s@?i’“

*~f;solvated state..In contrast, the d1ffract1on pattern of DMPCf_;) |

26 6, and 28 5(20 ) and low 1ntens1ty‘m1nor.peaks at 10 7 f?

_changes 1n the pack1ng arrangement of the crystals (161) gf§<\
}Thus, it would appear that?the crystallxne propertles ofin;'

fgr1seofu1v1n are evzdent whether 1n the non solvated. orti,p

1302, 1407, 19, '{1-9 5, zo 5, 22, 22.5, 23, and 2. a(ze )

Atter crystall1zat10n of gnaseofulv;n ?1n chloroform w1thj,

wh1ch;ﬂ ' forms solvate (153) ;Spectrum remaznedﬁiafff
unchanged Wlth respect to the major peaks at 16_4‘lan

.8

the .

1-.’.|

'”5?structures and it has been suggested that such modlflcatxon}rvﬁ{§

:;af%‘- o

att1ce by chloroform and tofflf

.v.“

.y. .

) L

/

:?;;resembles that of an amorphous mater1a1 (117)A

E Powder x ray d ffract1on spectra of grlseofulvln DMPC S

p*gcoprec1p1tates are Ahown in F1gure 9 'W1th respect to each"/
”r.jof these compos1tlons, the crystallzne state of grlseofulv1nf

iiffstlll preva1led, as exemp11f1ed by the ma;or peaks cat 16 4fl -

‘x

"*ffand -26 6 (29 ) Th1s eV1dence strongly suggests that the;f”Jl

7'9r15eo£u1V1n is’ ‘ot converted to another p01Ym°fPh1C f°fm or, e

‘°95we1ght ratlo)

amorphous state .in.5the, coprec1p1tate conta1n1ng

':;frelatlvely h1gh amounts of DMPC (grlseofulv1n.DMPC f;}i;;l;_f

’ " : L el B
- LA
k)

. P . . R R . . Cadr



F19ure 9 VP'ow'de'r' S th{fractxon ‘Sbeétra’ ’ __""fo:‘-f
Grzseofulvm DMPG copr !’:Lpatates of vanous wezght ratios.

A191




grlseofuIV1n

fchloroform-treated f

’Slm1larf§;ﬁ

(Fzgure f 10 B)

qu,that qgloroform has been rncluded in" the-if
5;,:the coprecxpltate as a solvate of grlseofulvzn,‘; Ty

Ih contrast to the stat1c state Eolecopreczpltate

”5fcrystals ‘in 11ght m1nera1 011 suspendlng crystals of«-ﬁ

4

also { appeared { as LA

’ﬂ’“51m11ar composxtxon 1n water on a sllde and 1nspectxon under‘*5f7¢

:‘f‘the m1croscope revealed a sequence of events as the crystals

'f;tunderwent dlssolut;on. Approx1mately ﬁﬁl m;n.f after »the»t;‘.

y7iadd1t1on lﬂof? water tho':‘copreC1P1tate C‘YStals - of

"'ﬁfgr1seofulv1n DMPC (1 5 1), ‘,h dynam1c format1on IOf'ﬁ

'3=,mult1tudes of fxnger 11ke structures could be seen on the

"7cqystal surfaces (Flgure 'it».L These grew rapldly,' became

"¥~jextended and protruded outwards 1nto the aqerus medzum thh

thﬂ;txme.ihppl1cat10n of gentle pressure brought ab0ut extens1ve.*g

itd1sxntegratzon of the crystal (F1gure 12) and the‘myellnlc

'structures gradually transformed 1nto spherxcal structures'f'h

ﬂf(p0551bly lzposomes) freely d1spersed 1n the aqueous medzum.e“

;_' These f same - phenomena ' were 7 observed fif&"anY‘;iofj the{,.~

:hfggr1seofu1v1n DMPC coprec1p1tate comp051t10ns was sxmllarly

ltreated Although the growth of mye11n1c structures was also )



copreC1p1tates

vrespectzvely) 1n lzght




graphs. showing the growth of myelinic -

-
of - . crystals  of ° \(
tio) coprecipitate after 2 -

ekpds‘u"ri'e‘ "t:o'._"\'vatex::., (x320 :



Lo

Ly Ei_gufe 12 .‘.-',HPho;omj’cfrograpafh of a ‘griseofulvin:DMPC (158:1
.,w'ﬂe;“i ght v.r_alt"io:)‘_v‘. c_oﬁfecipitate ‘é‘h'bwi'ng’? "Eiffy's‘t’avl" ;_A"bfea'k-“\—v.\p “on

_expos.u'r:’el t.v_Oy_'wa'f:;Ff(:x-3'20 magnification). -



f}'\occ rred more slowly but dlsxntegratxon of the crystals 1ntoiufj?¥

;ffi‘detalled study of the myellnlc structure growth has been,;%

Qgrrreporte

*'esteps 1) growth of s;mple rod—llke mye11n1c flgures 1n the-f

'f1£1rst 10 m1nutesK 2)*growth of more complloated forms suchj,

'ffper1pd rang1ng from slheral hours to daYs.

w,ﬁﬂs-
G

>

y obizrved uszng gr1seofulv1n DMPC physxcal 'miktufesé-itd%:¥ai

';Lahe pert1cles dzd n6t occur.,,"ﬂ“ R aCE '_#ﬁ

Co - o :?' % ~¥§{?"f,._.
Recently, a s1m11ar obserVatlon has been made and @&

:fdh egg yolk 1ec1th1n/hydroph11nc llquld systems.’:"{:'}-w~

.f(164) The morphologlcal features were c1ass1f1ed 1nto three;r'”ii

9

f”das he11ca1, coil. forms ‘and,; 3) assoc1atxon and’ fus1on of theﬂ_nfde

‘v'.-,fmyelmztc fzgures 1nto a mosa1c gtructure,_after a’ growth"_'_f"f‘.’i _-

v4.1 3 Solubxlxty of. Gr1seo£u1v1n 1n Vnr10us Kedxa':ff.u"igl';5"
i The determ1nat1on of the solub111ty of grzseofulv1n 1n:_g@§9
aQerus buffer (HCl KCl) \pH 2 0 a’% 37 C d1d not reveal any;fﬂf7

A

ilr‘major dlfferences between the untreated a@d solvated formsf;f

v of gr1seo£ulv1n. The solub1l1t1es were found to be 15 9 andef;,;i

L 18 7 mg/L respect1ve1y. - Thef solub111ty _.65; Solvatedf--f-'

" nglseofulvxn at 37 C 1n_ aqueous buffer (HCl KCl) pH 2 O'fff;3

g eln the d1ssolutxon med1um fj‘

“Eé,

f:[‘;solvated grxseofulvxn‘ has

’:conta1n1ng 35»mg DMPC per 900

iffunchand‘ﬂ at 18 8 mg/L. alth

:axlmum amount obtalnableﬂx,*°
”': coprec1p1tate) wastﬂfbf

th e d1ssolut1on rate ofhﬁ*i .
4 F R P
been- d1scussed (4 165) its'-'”

bh?fsolub111ty has not been reported before. The solub111ty °fﬁfffﬂ

graseofu1v1n"‘i% water, buffer,‘_and var1ous med1a' are”f.fl

presented 1n Table 7. The solub111t1es are 1n agreement w1th_ﬂ'
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“glarge 1ndrease' 1n solub111ty 1n the latter case ‘is.- mostff,fff

. my

‘:ij1nce, the process

"jﬁfof grxseofu1v1n. Theref'w”'

the solub111ty range of 10 to 15 mg/L:ﬁ;é§§?§éd .1n, thev7 i

l1terature. However# 1n two cases the solii’ff.’

hxgher (31 8 and 32 2 mg/ﬁ)

QPOS to water produced a 2-' and 20 fold 1ncrease 1n the P

2.

' "*presence of pMPC 1n the d15$olution med1um does not have any-i

g

 r;fso1ub111zat1on effect on grxseofu1v1n.'fﬂ‘:fc; :ajj}fwyfj‘tm_-'

,-'{'_:'4 1.4 Piri:‘i”-t’ibn' Coe-f'ficient_"-'oi_ Grisgotulvin  in" DMPC

prosones

-~

g" B
af1s concluded that the mere'

'j?-repOrtedfff;7f

enoughd;fi;?
”1nformatxon was ava1lab1e LB order to-befable to cqmment onéfﬁffﬂ

chzs dxscrepancy However, the add1t1o“}of 5%_PEG 2000 or 5%n5*’:”

‘~solub111ty of gr15eo@ulV1n respect1vely, The partlcularly:ff;

~'??fl1kely due to the hxéh wett1ng and m1celle form1ng ablllty;;h
bf'of fhe surface act:we POSDMPC 1s a poor wettmg agent:,:i'?"'}"“;
".gabecaﬁse there are 1nsuff1c1ent molecules adsorbed at thet}i?fi
~jﬂ?solxd lxquxd 1nterface owing to 1ts extreme tendency to form?ffﬂ:
d;c°11°1dal aggfegates. Assoc1atxon w1th these collo1daI;E}j;j

.aggregates 1ead1ng to lncreased solub111ty was not observed?}fﬁff

'hf not preceded by increased dxssolut1on],tehd

@

Part1t1on coeff1c1ents (K) of grxseofulv1n 1n the DMPC o

. AN D
A

fa:lxposome water system are graphxcally dep1cted/i§\ifgure 13

'03.-'

) \\ . i
3 i
AR S

:tffboggf}g“ﬂ values~]fbf grlseofu1v1n exhxblt a DMPC51h-ﬁ
tconcentrat1on-dep€ndence. At low concentratlons of DMPC the{d'df"
f;log K value was as hlgh as 4 27 but decreased rapldly w1thi“f[

'*‘;1ncrease 1n DMPé concentrat1on to a ‘mznxmpm and thenjf“
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:Jﬁﬁigdréa Paft1txon Coe:fxcxents (log K) of grzseofﬁlvxn'VﬂL;

"' .- e p

A3
4
‘

1n DMPC 11posome waber system at 37°C
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. .
—

-r_.creased sllghtly eVentually atta1n1ng a constant value.

A

"mllar results were obtalned whether grlseoﬁulv1n; was_

'1ncorpd%ated 1n1t1a11y 1ncthe l1p1d fllm ‘or 1n the aqueousv';

.‘ o
N .

:

‘.
N

’1ncluded for co parfson. It 1s'apparent that no s1gn1£1cantuf""

Y

S

'f 1n the d1sper51on medlum (93) Thls octurs 1n studles fh~ s

phase dur1ng l1posome preparat1on. f’;v:_z- s

4 1 5 Dlssolut1on of Gr1seofulv1n DFP _'hySiCalluixtures"

The d1ssolut1on of grlseofulv1w from 1ts 19-1 and 4:1

phy51cal mlxtures 1th DMPC is 111ustrated 1n Flgure 14 Then

dlssolut1on pro

d1fferences exi toin these d1ssolut1on proflles w1th respect,ev,

to the 1n1t1a1 rbleas

m1n. Hence, at the concentrat1ons of DMPC employed there 1s;

. % - .
_no '451gn1f1cant 1nterfac1a11/’tens1on : reductlon v'at.;;the-

SOlld water 1nter£ace and no solub111zatlon of grlseofu1v1n

] [ . i d

y

from phys1car m1xtures‘ Varlous reports 1n the 11terature
have shown that carrler agents in physlcal mlxtures of drugs

exert only sllght effects on the dlssolutlon rate (114 167

122) except when the carrler pOssesseS‘pronounced surface'lff

activ1ty (6) ‘_b'“"

'-‘ . ")". : -

4 1. 6 D1ssolutron of Gr1seofu1v1n DMPC Coprec1p1tate Systems]

)

'-Q'A1 SOlld dlspers1on systems have often exh1b1ted 1ncreasedh_'

S

dlssolut1on as ‘a result of 1ncreaSed solub111ty of the drUQ;_'“'

T _
wh1ch excess drug has been added creatlng ‘a condztlon of -

supersaturat1on and 1s regarded as be1ng dlssolutlon under al

b

1g:;off solvated gr1seofulv1n_jisﬁ also.xf'“

and the amount 1f solutlon after 60f"
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vlg.. .

CONCENTRATION (mcg/m1i).

0
A PHYSNIX19:1 | S~ 1
O PHYS.MIX.4:1- S

,\'

' ‘...‘ ] Y0 3 \2'O> R ;3'0 ‘ 4IQ } ', " .510"- ) " VB'D - .‘ ,»: 70 ‘
: o R . TIME (min). " €~ ‘
- - ‘ . " . \l . |

N

,Flgure 14 Dlssoluﬂlon proflles of gr1seofu1v1n fOrmulatlonsi’

»

"prepared as phys1cal mlxtures thh DMPC ‘in varzous rat1os 1":

pr 2,0 HCl KCl bufferl 37 C. (n=2 WMeantRangev are

L el

plotted). Error bars are éhown unless they are smaller ¢hanv :

Te LT

“the symbols._ AT 1_.‘.[f'_ji‘_ ff SRR



e

' non-slnk condltlon Throughout thIS study all experlmentsv::jff

N

:were conducted under non sxnk Eﬁrd1t1ons u51ng an amount of
- v
'-sample equ1valent to 50 mg o

grfseofulv1n 1n 900 mL of

"d1ssolut1on medlum except as ’Eported 1n sectlon 4 1{&7

[

4. 1. 6. 1 Effect of pH '._‘ U o

6r15eofulv1n is a drug whlch 1s reported to have a low o

ttpH dependency w1th respect to solub111ty (1;6) Thus 1tlls.
htf not su&pr151ng that the d1ssolut1pn curves shown 1n Flgure.

ia15 1nd1cate that the dlssolutlon of solvated gr1seofulv1n or
.Lgfgrzseofulv1n DMPC coprec1p1tates 1n d1ssolut10n medla at pH
t230 and pH S 0. 1s also pH 1ndependent. The amounts of
»tgrlseofulv1W‘dissolved at varlous tlmes were con51stently

approxrmately 3-5% lower at pH 5 B~¢han at pH 2 0 Th1s 1s ;
hllkely due to the dgfference in the jonic strength of the*h.'
."buffers used (the 1on1c strength of HCl KCl buffer 0.12 ‘and-
.,_that of phosgzate buffer 0 35) Th1s behav1or 1s con51stent e

ﬂw1th the sl1ght effects of pH ”b§EV1ously shown for the

¥
d1ssolut19n of gr1seofulv1n (6)

'“.ﬂ T

4.1, 6 2 Effect\?f Partxcle szqo

It 15 well understood from d1ssolutlon theor%fthataah;d

reductlon 1n partlcle s:ze ylelds 1ncreased dlssolut1on of
4,3” drug; “-. In f.;a~ sol1d d1sper51on ' system, v LOf" ’10%
‘ e 3 e
+ e ? o
grlseofp1v1n succ1n1c ac1d d1ssolut1on Qas found _to bef

\ -
part1cle size- dependent (TO4) ‘Ho#ever,. thlS was not ‘the ,f‘s

"case forl a sulfathlazole urea SOlld dlﬁpers1on perhaps

because the drug was 1n a 5olld solutlon state (168) .F1gure :
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CONCENTRATION (mcg/ml)

SOLV: cm's'pﬂ 5.0
‘SOLV.GRIS pH2.0

19:1 cms*nupc pH 6 9 L
19: GRIS:DMPC pH 2. 0
/4:1 GRIS:DMPC pH 6.0

4:1 GRIS:DMPC pH 2.0

’,.'« 4

D@ ‘. <> DO

© 100 20 .30 40 "-6'0,-. .60 L T
SR TlME(mln) ' R - '

Fig‘ufe 15.-i‘Diss<'>lution of solvated 'gris'eofulvin; Hand-

grzseofulvm DMPC coprec1p1tates 1n pH 2 0 KCl HCl buffet

and pH 5 0 phosphate buffer at 37° C (n=3 MeantSEM at pH .

.‘ 2. 0 and n -2, Mean+Range at pH 5 0 are plotted)



-f_pantlcle s1ze dependent,_ Thus Tar f1ne‘ partlcle 51ze éf;_;;{;

- of gr15eofulv1n DMPC cpprec1p1tates (4 1) jto'ff;he#

'f”gr1seofu1v1n 1n coprec1p1tates plays an 1mportant role iﬁ?t.wff

= Sl
- -the dzssolutxon bghav1or. Sl e
"f4 1 6 3 erseofulvxn DHPC Rat1os - | ’
Dlssolut1on . prof11es ”of;“ gr1seofu1v1n"f'f 1DMPC |

'Jcoprec1p1tates of varnous rat1os are shown 1n Flgure 17, The E ﬁc;
1n1t1al dlssolutlon rates (IDR v as determlned w1th1n thee -
":tf1rst 5 m1n. of dlssolut1on) and the amounts d1ssolVed after"”

1"'260 mxn._hf the dlfferent formulat1ons are presented Gb‘;u:ih

’thable 8. The IDR of a grlseofulvzn DMPC (19 1) coprec1p1tate}/

v;u:was found to be approxlmately 1 7 txmes h1gher than that ofwlﬂ

E ,s1tosterol or cholesteryl stearate studled by Babar and.ff‘

ruuntreated gr1seofu1v1n. Increas1ng the concenﬁrat‘on of DMPC;

”1n the coprec1p1tate ylelded non . l1near 1ncrease in" the IDR '

-

S Forf 1nstance,- the 4:1 gr1seofu1v1n DMPC rat1o ylelded a'
-3~ éo@ﬂ 1ncrease 1n the IDR as compared to the untreated
grzseofulv1n sample hntg“the (1.5:1) grlseofulv1n*DMPC_,

‘coprec1p1tate had a sllghtly lowerhinR The 1ncreased 11p1d }

B s R

'nature of "the coprec1p1tate at thlS comp051tlon probably'u'
‘contrlbuted hto. hlS : behav1or.ﬁ _In",a s1m11ar manner'

ftestosterone sol1d dlsper51ons conta1n1ng cholesterol ﬁ

vJarowsk1; (139) also exh1b1ted a sl1ght ‘1ncrease then ad,'-
y decrease 1n IDR w1th an’ 1ncrease 1n the 11p1d content of the

»solxd d1spers1ons. The amount of gtlSEOfulVID dxssolved;

‘

wafter 60 m1n. from coprec1p1tates as shown 1nsTab1e 8;?35’

16 shows the d1ssolut1on of var1ous part;cle s1ze fract1onsf;jf,:




| F1gure ‘

_CONCENTRATION (mcg/ml)

16,

O 40-60-Mesh -

FAN Be]ow 120 Meah
SO 80- 120Mesh '

Dlssolutlon‘

y f \ .. v T LI

200 30 < " 40, 50 60 . 70

: TIME_(min})v Q '

J‘of,e , gqpseofulvln - f:oﬁ"

e gr1seofulV1n DMPC coprec1p1tates (4 1 we1ghtf ratxo) as a

}funct1on of varlous part;cle size d1str1but1ons in pH 2 0

"fgﬁnc1-xc1~buffez.at-37 c.

(n=2 MeantRange except 80- 120 mesh

'where n= 3, MeantSEM are- plotted)

* M

g
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F1gure

grxseofu1v1n DMPC coprec1p1tates 1n pH 2 0 HCl RCl buffer at_

37°C.
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( ’:’Solvated Gr1§eofulv1n

- oy

7”ZZD1ssolutlpn,f Parameters :3f°

vfat pH 2.0 and 37°¢.

S5 Table

Grzseofulvxn

' '752Gr1seofulv1n DMPC Coprec1p1tates 1n Aqueous KCl HCl Buffer

o .

Lo e

and Var:ous

w} L

A Jd

‘Composition . . .°

e

IDR'~

455‘“e';iuteif;ﬂ:(mdg/mg/@iﬁ)( .

" amount |

W
e

pissolved .

~in 60 min. .

}_ (mgj:ef-f o

]juntrébtéavcriseofuivin R

Grlseofulvxn DMPC (19 1)
Grlseofulv1n DMPC (4 1)

"Grlseofulv1n DMPC (1 5 1)

el

" 0.7820.05
" 0.7520.05
Z“fiﬂ3256.og,i'
. 2.3120.09
 1.7810.02

20, 5011 31 }

710.7420013 ¢+
10.46%0.12

19"22:1'35’ i

;,21 5920+ 43

' fBaSed‘ on the caiculated aﬁoqn£ffeleaseaferihg‘thebfirst 5

'».'mln..

The values represent mean+SEM n=

3??I
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’fl;'also greater compared to untreated or solvated grxseofulvxn
'i:by approxlmately two~fold, 1nd1cat1ng solub111zat1on of

n}grlseofu1v1n 1n the dlssolut1on medaa. ”,7jf~

@ The dlssolut1on data were sub]ected .to analy51s of ~
B var1ance at three t1me p01nts namely,ys 30 and 60 m1n.fto» ‘
%ﬁ represent the.1n1t1al mzddle, and termlnal portlons of the
x;i d1ssolut1on rate profxles. A s1gn1f1cant F value was found
and therefore, 1n order to determlne 51gn1f1cant dxfference-
between the means, Duncan s mult1p1e range test was applled

(169) ie coprecipltate systems behaved .51gn1f1cantly

d1fferent (p-O 05) from~ either_ untreated or solvated

grxseofulvxn at all tlme p01nts.vMayersohn and beald1 [’

reported :” lower d':_olut1on_,rate’pof‘ the‘ griseofulvxn .
4_f'solvate j\versus _ untreated gr1seofulv1n . although
I.Astatxstlcal tests were 1nc1uded Our studnes show that .}t
solvated grlseofulv1n had a. 51gn1f1cant1y lower dlssolut1on |
rate only at 30 m1n._0n ‘the: other hand Fung and Nealonlc?»
(]65) dld not f1nd any s1gn1f1cant dlfference betwe n the.
dlssolut1on _rates' ofv‘the:-solvate and ‘the - anh;ZrOUS,'J
non mlcrocrystallzne £orm of gr15eofulv1n. Hence,’lt 1s not

1

possxble to draw a def1n1t1ve conclus1on w1th, reSpect to

-

solvated or non solvated forms of gr1seofulv1n,»but 1nfthe;ﬂgp
E case of certaln other drug solvates h1gher dlssolutlon rates

have been observed 1n compar1son to non:.'lvated forms (75)
' | . . ‘... v ‘:y-‘.' - ‘ "

’r\;\. . - |
- . o



Cc Q&oroform =§ﬂ'i coprecxpltate format1on "and:i subsequent--i‘~'

: 4 1 6. 4 Effect of 501vent Selectxon on erseofulvxn bﬁPCh;"‘

EZCopreC1p1tates

f,Thé. consequences .bf, usfn§7nafisolvent';Other~-than°':

3.f;dlssolut1on of grxseofu1v1n were determlned. Results u51ng

*e5w1th gr1seofulv1n, are shown 1n Flgure 18 and’ 19 Methylene_fft*

o observed under . the m1croscope.»

’,methylene chlorlde and ethanol whlch do not form solvates;;f.e

| chlorlé% treated grlseofu1v1n gave ”Asllghtly 1ncreased1' o

g d1ssolut10n'f whereas ethanol treated grlseofulv1n : gavev'

- sl1ght1y decreased dzssolut1on compared to untreated or

vchloroform-treated grlseofulvxn. : However,ff;thepl varlousj~ o
solvent treated coprec1p1tate systems dxd ‘not. 51gn1f1cant1y'ﬂ;'

-alter the dlssolutxon of gr1seofulv1n except when chloroformfv"

- was employed as the coprec1p1tat1ng solvent even though the

»;var1ous crysta}s— possessed s1m11ar shapes and szzes 'whenﬁf"

A

"754 1. 6 S Effect of Polysorbate 80 in the stsolutxon Medlum

N The;_add1tlon pof a{ surface actlve agent vtof:the

‘d1ssolut1on vmedlum has t'”q effect of reduc1ng part1cle

agﬂregates and 1ncreas1ng the effectlve surface area of thej'

} 'powder sample to the dlssolutlon med1um, thus 1ncre351ng;d'

vdlssolutﬁpn (Eq ) Th1s is demonstrated part1cu1arly forw

;;untreated m1cronlzed gr1seofu1v1n in F1gure 20 (cf=F1gure'

its crystals are 1arger-and_not hrghly’aggregated.ﬂ

vl

717).':On the other hand, _the” d1ssolut1on of‘ solvated-;‘

grlseofu1v1n 15 affected much less by polysorbate 80 because

R



“CONCENTRATION (meg/ml) -~ o 0

"J,J' C TIME (mln) ‘ T

'Fzgure 18 Effect of solvent selectmn on-, the d1ssolut1on‘” g

2

}Teof solvent treated grzseofulvzn and gr1seofu1v1n~DMPC (19 1 .
".‘ .vexght ratzb) coprec1p1tates 1n pH 2 0 HCl KCl buff.er at:'

'_37 C._ (n-2 MeantRange are plotted) S R A
v.-_KeJy‘:; System‘ 1 and Zbgrxseofulvm treated wath methylene‘

"°h1°“d° ."‘""d: °th°“°1 tesmctively,. ‘system’ 3.4, .‘and”f

= 4,,'5—gnseofu1v1n°' DM C ( °1) coprec1p1teted vzth methylene

chlonde{ ethanol end chloroform respectwely
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~god
164

124

”CONCENTRAﬁON(m¢g/¢u):}_:ejt~_ x}r;gtfgﬁt,o;;eu;

PR S R
O sysiemi
A ‘sttem 2 S
ey sttem& _
e sttem 4
] Sg‘stem .

) -5'0 f_q'o '70"_'
TIME (mm) L h

Do

o fFlgure:'iQQf Effect of solvent selectlon on. the dzssolutzon

of . solvent tteated gr1seofulv1n ',aﬁdv grzseofulvnn DMPC
"coprec1p1tates (4: 1 we1ght ratzo) 1n pH 2. 0 HCL KCL buffer
7: at 37°C. kn=2 Mean+Range are plotted)

x'Systems hf' and 2 grzseofulv1n treated w1th me hylene

.i-[‘fchlor1de and ethanol respect1vely; systems 3 4 : andg |

"/MS grxseofulv1n DMPC (4: 1) coprec1pitated fwlth methylene :

-ilchlorlde, ethanol and chloroform, respect1vely
R S . _

o . . ) -
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(¥
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O UNTR. cm‘s- o
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<> cms DMPC 4 1 coppr

L - U L) R

0. - 10+ . .20
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R P = n

50 .° 60

) i

70

F1gure 20 Dlssolutmn profxles of gr1seofu1v1n systems in.

HC1- RCl buffer at pH 2. 0 cont'—nmng 0.1% w/v polyscrbate 80

and 37 C (n-3 Mean:SEM are plotted{

-

2



e

CIn contrast v thel

‘ﬁf.copreclpltate (4 1) iQQ 51gn1f1cant1y *hzncreaied ihf'h ;

polysorbate 80 solutxon compared to buffer solutxon (¢f;“i="

FlgUre 17) Hence) thls dlssolut1on j,lmprovement ifof_f"’
grlseofulv1n from grlseoiu1v1n nMPC coprec1p1tates 1s due tof

deaggregatlon and effectxve surface area 1ncrease of veryff”'"

f1ne partlcles of grlseofu1v1n dur1ng d1ssolut10n.,;j""'

. . .
. A
i

.'r4;127 D1ssolutxon .ff Grrseofu1v1n from vCopregipitates"H'k

Prepared thh Varxeus Phosphol1p1ds ';;'1;.:f

lQ_' The d1ssolut10n of gr15eofu1v1n from. c°pre°191tate5,5f; |
conra1n1ng e1ther DMPCr DPPC DSPC DPRE or EPC 1s compared;i??i
Lin” F1gures 21 and 22 Generally,_xncreasxng the fatty aC1dﬂﬁd’f
'chaln length of the phosphol1p1d elightly decreased ‘the - IDth&;d

at 19 1 and 4 1 welght rat16§ but also the amount dlssolfedfﬁ{id

1

" aover the £1rst hour of dlssolut1on was reduced Sin some:e;ff

(-

ﬁf{z cases to approx1mately one half of that obtazne@ emPIOY1nggf{7“
| 2 DMPC"'Thgd d155°10t1°n prof11e _:f DPPC .coprec1p1tatesdh;;
d1splayed cont1nuously 1ncreaszng d1ssolut1on up to 60 mln.:rp
o unllke it’ plateauzng behavlor ;exh1b1;ed by ?t es.Other]'
°°p‘e°1pltates' B S R

-'lﬁﬁ' The dlssolut1on of gr15eo£ulv1n EPC coprecxprtates was o

R
e .

51m11ar ‘;ftb']: that 3' obta1ned . w1th ; grlseofu1v1n DMPC”J

; coprec1p1tates ' (F1gure _d22) : but,‘*'the,‘ combxnat1on 'vofi‘

grlseofulv1n and DPPE d1d not produce any 1mprovement in: the:fﬁ~'

d1sso&ut1on of gr1seofulv1n; ﬂﬁfggests that there is a:

moiecular strﬁiture requ1rement Q

2.
. D '
’

-

dISSOlut1°“ '§¥; gtlseOfulvxn DMPCﬂdﬁﬁl'

the phospholzp1d :Sg:g1g'
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’”‘ B L TIME (mln)

AFigure -21. Dlssolutlon _Qf' -~ grlseofulvm phosphohpld ;

t'épréc'iﬁitat'es (19 1 wengh’t' rat1o) at: pH 2 0 (HCl KCl,; a

buffer) and 37 C (n=2 Mean:tRange excep‘t in solv gr1s gn

DMPC copreca.pltate where n=3 Mean:tSEM are plotted) i

Ty i. LT
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Figﬁfe 22~ Dlssolut1pn " of grlseofulv1n phosphol1p1d

eUODRO.

"»coprec1p1tates (4~1 welght rat1o) at pH 2. 0 (HCl KC1 buffer)
: SNt

and 37_C- (p =2, Mean+Range except 1n solv gr1s, DMPC and,

1DPPE coprec1p1tates where n*3 MeantSEM are plotted) .

o



T td,{jn“,jjl ;7"ff1>1?,537,f’f"f‘?:ffp*’:%fa?h5-1°°}
inclusion in the crystal lattice of solvated griseof@ilvin, =
hgbé;lLBH stsolnt1on of' Grzseofulv1n from Coprecxpxtates
| 'Prepared w1th Var1ous Comb1natxons of DMPC and other’

' Agents'-vx

..4'1'&'1'7Enhancers[ ofﬁ'Dissolution.‘as;‘Substitntes'eforﬂf‘:

‘h”Chloro&orm /
'5'It was observed in sect1on 4 1.6. 4 that only chloroform'n
-ﬁenhanced the dlssolutlon of grlseofulv1n in coprec1p1tates'*h
"w1th DMPC Table 9 summar1zes the results of twelve attempts
:hat replac1ng chloroform 1n the grxseofulvzn DMPC crystalf:
'"latt1ce w1th another agent w1th the a1m of Stlll obta1nxng
;s;mllar levels of dlssolut1on 1mprovement., Hence, these-
h‘:resu1ts : further _illustrate that the requ1rement  of
::chloroform 1s qulte spec1f1c.1None of these atte@pts ‘was

b'successful Therefore 1t is concluded that the coprec1p1tate

crystals formed from the compos1t10ns shown do not exist 1n

'"l a  high energet1c state compared to those prepared from

ﬂ;fchloroform and are unable to undergo rap1d dlssolutlon upon'

fcontact w1th water. Hence, chloroform because of 1ts ablllty,"
to form .a solvate WIth grlseofu1v1n rema1ns to be the only ’

enhancer of gr15eofulv1n dlssolutlon 1n the presence of ‘a

"r;phosphol1p1d

s — . . T

T RREE T e e
4.1.8.2 erseofu1v1n DMPg Cholesterol BN S

The effect of the addltlon of CHOL ‘to grlseoful n':DMPC

.

4‘coprec1p1tates on the ‘d15501Ut10n .ofr_gr1seofir
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,'“iDISSOlUtlon from Grlseofu1v1n DMPC Coprec1p1tates

ﬂ

kEffeet of Varlous Agehtsiﬁis Enhancers

GrlseofulV1n

=

¢

'”GrlseOfulv&qﬁ ‘_2.-'[ _:' tc¢p¥ec1_:flﬂ

DMPC:Agent ! = = Agent

i -(WtJﬁfRét@§f}}Q.f o Solvent"

TDR’

e

kAméunt

pltat1ng (mcg/mL/mln)Dlssolved

“[a

1n 60 mxn.

(mg)

- ¢
: .

©9:0.5:0.5 PEG 400
. ". " PEG 4000
e |
e '-';-L-¢§Steinek
aCHloralbae

I
o
2

_Succinic acid .
‘Lactose’ fi o

4:0{.25 0. 75 Mannitol o
et Urea

| Deokychollc Ac1d
Fumed silica’ °

l4iQ:5:Q:5 _ Chloral Hydrate

”"

e W N NN W

0.

'-o

0

0.
.0
©0.
0.

5
0.
0.
0.

35.fw,
32.': N
43
33
;4{]ulf
26

35

.26
19
16 -
50 .
0.036

[y

. ” .. e

o 9o D DWW DO ®
WOl @m NN O D '

TR

v =".absolute. ethahdl 2= absolbtebethanpl}acetone‘(l:4'
v/v); 3 -:methylene chloride; 4 = absolute'ethanolzmethylene4'

' chlorxde {1:2 v/v) : v

‘Based on the calculated amount released durlng the £1rst 5

m1n.
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“examlned in order to determ;ne the role played by CHOL on
IDR and dlssolutaon after 60 m1n. In Flgures 23 and 24 1€J‘f5-.
V an be seen that CHOL 1tsel£ sl1ghtly 1ncreases the IDR'but
otherwlse does_-hagl 1mprove the dlssolut1on of ’soluat:dv'
» grlseofulv1n.i However,"lt exerts profound changes. in thel -
dlssolut1on prof1les of coprec1p1tates whlch contaxn DMPC.l”'
CHOL in low concentrat1ons has 11ttle effect on the LDR but odf'”
‘Causes d1ssolut1on to cont1nue _to 1ncrease almost at a‘dle
constant rate and to promote a substant1al 1ncrease 1n theuz"‘
amount~'of grlseofulv1n dlssolved at 60 m1n.ﬁ above the,
amounts obtalned“;hen DMPC‘ alone"wasp.used A'-_thelg
ﬁ'_coprec1p1tate.vThus, DMPC plays a dlrect role 1n augment1ng,'
the IDR of grxseofulv1n through the creat1on of a fine
part1cle 81ze of drug but also through a solub111z1ng'”
P mechan1sm wh1ch 1ncreases the total amount of- drug~ iniunf
» solupion.zlt appears that CHOL add1t1on contrlbutes to thefﬁf
, solub1l121n9 ab111ty of DMPC in- the overall dlsso£3t1on -
process. Values of IDR, and amount dxssolved in 60 mrn.‘are;
compared 1n Table 10 whlch shows a r%&nsmtent pattern at
»19-1 and . 4 1 welght ratlos of the ‘1nfluence of CHOL onhll
d1ssolut1on..The actlon of ‘CHOL. to control the release off
griseofulvin 1s more. clearly 1llustrated in F1gure 25.”Thei
fractlon of grlseofulv1n d1ssolved passes through‘a maxlmum'?f'
| when CHOL, is approx1mately one thxrd of the~ total 11p1d
. content.’ However, ‘the maxlmum 3isl broadened and sh1fted,sﬁ
sl1ght1y to h1gher CHOL concentrat1ons when coprec1p1tates;

have a greater port1on of total l1p1d.
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Figure 23, D1ssolut1on o 'o"f” gr1seﬁtu1v1n - ,V -'-'_f:\om_;‘;

: :gr1seofulv1n DMPC CHOL e coprec1p1ta _"f;"at‘ - 'a 1931
'gnseofulvm l1p1d we1ght ratxo at pH 2 ONﬂHCI KCl buffer) '
) and 37°C.' DMPC CHOL combmatxons are expressed on a mole_ -

'rano ba51s. (n=2 MeaniRange excepta 'l-_inﬂ-‘ ;'soly.gns e‘n,d:'fv'

' DMPC CHOL(1 0) copreclpltate | where n=3,. ;Mefan:sz}é are .

plotted) IR ‘gl

[N
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‘Figure 24" stsolutlon ' _p’f* gr1seofu1vm c :ftom,
'gnseofulvm DMPC CHOL | coprecip1tates . at a.' ' 4
‘“gneeofulvm lapzd vezght rat:o at pH 2 0 (HCl-KCl buffer)

-end 37 C. DMPC CHOL combmatzons are expressed on ‘a mole‘

"'vrano basxs., (n-2, MeentRange except in‘solv gr:s and

o DMPC: CHOL(1 0) coprec1p1tate vhere_ : n=3,, Mean:tSEM

-‘plot,te_d) .



”~5‘_Initiéi"

>7 L;D1ssolved

vniésglutionl

Affef

;603'

.Rate'”

m1n._ from _

and . Amount

6f

R

Grlseofu1v1n'“

"Coprec1p1tates in HCl KCl Buffer at- pH 2. 0 and 37 C

Gr1seofulv1n DMPC CHOL

.'_Grlseoful
L1p1d

(wtj Rat

v1n'

‘(&gieiRéﬁio);5.

10)

pMpcicHoL

IDR'

(mtg/mL7miﬁ){;'

' ﬁ1n 60 mxnr

«Amobnﬁ i

D1ssolved

(mg)

: ’19£i"

'1;0,33

.07 -
1:0.33

S 1:3

1.32:0.02

0.98%0. 01

0.50£0.00

2.3120.09
2.17:0.02

1.2840.03

'0.62%0.03

o

0. 9o+o os Sy
1 0.7620.09

21.5920.43

.71.2220.05.

19.22£0:43

22.04%0.92. ..
:_15.34£0;79 R
14.36%0.06

110.670.85

 27 00+0 96

13»54:0,52.?

24. 6110 e1f

10.92£0.22:

. 'Based on t# calculated-amount rele§s¢d dufing"ﬁhe:first35

S ming

"Thenvalues"repfesent mgantfahge, n=2,

-

- .
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T 32—

 AMOUNT DISSOLVED IN 60 MIN. (mg) . "~

. 41

S ey
0. .. .02

“F1gure 25.._ The : effect

 amount< of gr1seofulv1n dxssolved from coprecxpxtates of”

|  gr1seofu1v1n DMPC at pH 2. 0

9f

CHOLESTEROL MOLE

© 0.8

cholesterol

(HCl-KCl)

FRACT]ON

add1t1on on' the':”

'buffer

and 37 C

A-19:1 and B~ 4°1 wexght rat1o of grxseOEUIV1n total l1p1d

[

.



'5f5"' fL:ﬁ‘ . o
';4 1,8 -3 Grlseofulvzn' DMPC Stearylamlne
S ‘ L S
The effect of v1nclu51on of stearylam1ne '(SA)' 'ﬂaa;]'ffj
t,ffp051t1ve1y '3 charged 11p1d ’_iﬁ_l“ coprec1p1tates fﬁof‘7'*”

.”“Q{gr1seofulv1n DMPC ig shown 1n Flgure 26 Generally, DMPC SA-»vf"

h .comb1nat10ns alter the d1ssolut10n of gr1seofu1v1n 'in;-a

-'V,'manner s1m11ar to DMPC CHOL comblnatlons but to a lesserh[."

) degree. At h1gher rat1os SA - retards dlSSOluthﬂ 51m11ar to

_'ﬁldg.‘hut unllke tHOL dlssolut1on »from copreclpltates \at"'

Eﬂ

Elower ratlos exh1b1ted plateau1ng of the. d1ssolutlon prof1le‘ L

51m11ar to that of DMPC.
'QV4 1. 8 4 Grzseofulvxn :fDMPC.;;CHQL : SA and Griseofulvin :

'”DMPCJ' CHOL : DCP

"i$= apparent' that CHOL exerts 'aﬁ’

in _ithe, dlssolut1on g profller

Th§ dlssolut1on of gr1seoful@1n from coprec1tates with

POS has prev1ous1y been shown to be better than w1th PEG

The 'effects of .a 3 component 11p1d comblnatlon oni’

: grlseofulv1n dassolutxon 1s shown in F1gure 27 for a 4 TI L

'uhfreclpltate more than SA because of 1ts two fatty acylﬁ?“¥7



244

[y
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e
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'SOLV.GRIS
- DMPGC:SA 1:1 . -

'DIPCSA1033
_thCSA1o

O
.‘ ,_AA
o
eiﬁg:

o ‘,o"0 ‘1'0"v 2t°v-: : g
- ' : A TI\(E (mm) o
'friguref 26. stsolution 5 ";‘bf_ grxseofulvxn ’.effom:
’ee;gr1seofu1v1n°DMPC SA ; coprec1p1tetes ' q'etvf f'e- «'U451
1eb‘gr13eofu1v1n 11p1d vexght ratxo et pH 2 0 (HCl KCI bufferfv.
-and. 37°C DMPC SA combxnet1ons are expressed on a mole ratzoe

1besis. (n-3 Mean:ssn are plotted)

oupesares b

‘40 uv"so_; © 80 PR 1 TR



SOLV- oaxs\
DMPC:SAICHOL 72 i

- DMPC:DCP. duox. 721
DMPC ONLY ) |

"o, . 10 20 - .30 . 40" ‘-.56” -~ 780 - 70
S TIME(nnn) Lo

';'F1gure 27. D1ssolutxon of gr1seofulvrn £rom 4 (we;ght_f

'_ratzo) £ ‘graseofulvxn-l1pxd coprecxpztates at pﬂ 2. Ofﬂ'i,

. /‘.
'(HCL KCL buffer) and 37 C L1p1d composzt1ons are expressed‘

| on a mole rat1o ~(n-3 MeantSBM are plotted)




'ff):2060‘(6) The drug carrvm% ratlos we;e‘o 14 1 and 1 5 al forfjj5<f

'ﬁageach of these carrxersqi
j:coprec1p1tat1ng

5»itgr1seo£u1v1n PEG 400@ sol1dwi

4_ffhlgh concentratlons of - the carr1er at whlch solld solutlon'

B lof the dru/ﬁoccurs (5) A compar1son of the dzssolutlon offf*h

""t grxseo£u1v1n from coprec1p1tates contarn1ng elther PEG 4000;[,{;f

f-or POS 1s shown in F1gure 28 It can be seen that 1nclu51on -

:f no£ PEG 4000 at the ratxos shown has ak negllg1b1e effect on'

. ‘;1ndrease the?

];ﬁan'used as the’”“””:
d1ssolutlon -f}fof'{f,uw

.ﬁ?ers1ons has been shown at o

"sthe d1ssolutxon of gr1seofuIV1n. On the other hand :the;vu

'}h1ghly surface act1ve POS (6) substant1ally 1ncreases the

1 rfdzssolutxon of gr1seofulv1n. It 15 also noted that thef;_i__

'}act1v1ty of pos 3in- 1he coprec1p1tates isl hlgher when:f“

'fchloroform :is u5ed as fa; solvent Compared ‘to" methyleneﬁh”‘

'T“:ichlorxde. Thus, POS maY part1c1pate 1n the copr901pitatedft}.

crystal w1th gr1seofulv;n and chloroform 1p a manner s1m11ar:1,“

: .'l"to DMPC and other phoéphoi’iiaids. In contrast, PEG 4000 doesf

‘:::““°t P°55355 any apprec1ab1e surface act1v1ty and hence,fls.“ '

" not as effectlve 1n 1ncrea51ng d1ssolut1on of grxseofuIV1n.i

>

”%’The act1on of POS in the present work is to 1ncrease the.

f'solubxlxty °of grlseofulv1n (6) 1n water as weil as to

:ect1ve surface area of the crystallltes of.f

"{gr1seofu1v1n'ﬂ§% he coprec1p1tates. and,' consequently,".
ﬁ;_zncreaseo1ts dﬁssolut1on.. ‘ i ‘
: . - ™~
, '/ 7



. coprec1pitatedjxth chloroform. L

i

| CONCENTRATION (meg/ml) =~ . oo
O]
ol

.iSz's'“te'rn,l-:. R T
gystem3 .. <.
‘S!s-ionleS

0 a0 20 - .40 - . 60, 60 70
e L TIME(mln) ' :

I-"igur.e" 28. "‘Di's'e”o'lut ion o of é .’ gr15eofulv1n “ f.rom
. gr1seofulv1n PEG 4000 o“r‘ POS coprecxpltates 1n ~ﬁl-l 2 0 .
:(HCI KCl) buffer at. 37°C (n=2 MeantRange are plotted). :

E _Key._Systems 1and 2 - Gris: PEG 4000 (19:1 and 4 s resp. )i

~ and 4 Gris:POS (19 1 and 4-u resp ) and 5 - Gris: POS. (4 1)I*T«f

'5‘ﬁcoprec1p1tated with: Ngthylene chlorxde. System8 1 t° . “°‘°_"f

'_ejzi;r,f
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4 1. 10 Effect of Agxng on the Behav1or of Gr1seofulv1n DMPCW’
. ] uil

; Coprec1 1tates ,-gﬂ- 'Q". o ;*' Q>2 -
' Solld d' er51on,sYstems'exist in a }ughly energetlc
~.'stad:e due | "fthe large'_surface area dof;,the partlcles
A B :

involved and are often shown to be unstable (113) Reductlon'}

'of>energy 1s brought about w1th1n the system by partlclef

aggregation and growth The consequence of thlS happenlng 1nh
the gr1seofulv1n DMPC coprec%pltate system and 1ts effect on
grlseofulvzn d1s§olut10n has Qeen examlned“,f‘ | .

A batch of grlseofu1v1n EMPC coprec?pltate (4 P) was"

3
ssolutlon at the eﬁd of 10 30 and 112 days by~

]

' e requlred 91eve fractlon o& the sample justh
prror.,to. _he d1ssolut10n test. The results are . shown in

F1gure 2"29, .Th dlssolutlon‘ rate and" extent decreased,V'

.

' ’-?progre551vely and dropped to almost tﬁe same as that of

'untreated gr15eofulv1n after ag1ng for 112 days.vTo'ger1fy

/”flf the decrease 1n dlssolut1on was due to repeated handllng"
' -whxle 51eV1ng, 1t was\necessary to determlne the effect of";
' ',ag1ng on und1sturbed samples.» Hence, three ’batches of

gr1seofulv1n DMPC (4 1) coprec1p1tates were aged for 10 30¢f;

&

,rand;l112 days.r Follow1ng 'Whlch they _were tested »fbr.;.f

L diésolution. The resultsﬁobtalned from thlS study are shown

»

in- Figure 30;‘.Even 1n‘,th1s case;. there is a’ progressive -

-reduct1on in the 3 dissolutiohf of ‘griseOfulvin. 3 Thep‘

. determlnatxon of the we1ght of a batth of coprec1p1tate at
"regular 1ntervals stored under vacuum showed a progre551ve

<vloss'*‘1nd1cat1ng “the }oss 'Joffi chloroform. "The‘. X= Ray;

s

§



Figure
e
grlse fulv1n DMPC (4-1 welght ratlo) coprec1p1tate in
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Figuré; 30; stsolutlon of grlseofulvm from grlseofulvm-,'

DMPC (4 1 wezght ratlo) allowed to age undzsturbed ‘m pH"
2.0 (HCL KCL) buffer at 37 c. '
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- d1ﬁfract10n spectrum of a copreéipj

112 .days 1nd1cated changes in 1ts d1ffract1on pattern a;f;“

te left und1sturbed forf

o compared to the spectrum of a- fresh sample (Flgure 31) The
- characterlstlc peaks of untreated gr1seofulv1n appeared iﬁr*'
| fthe aged sample (peaks at 10. 7 13 2, 14 8, 16 4, 20 5 -22;"“

'_:22 5 3, 23 7 25.8, and 26 6°) and the &!neral appearance

”ﬂytof the spectrum resembled athat of' untreated \grlseofulv1n

'-,Laggpg solvated grtseoful'&

’ 7’japproach to malntaxnlng s1nk cond1t10ns 1s- to carry ‘out 5

s v

rather than so;vated gr1seofu1v1nwaThus 1t appearsf‘:\t upoq,,
. N o ) ) . ,yy jl - h . I

h".1n 5,§be- coprec1p1tates is -

A

. i : }!’ : ’ o
converted to the nlwsolvaééﬁgform leadlng £o a decrease-in_.j

v . . . . . 4 .:; . ) . . ] Av" ‘\; B
- dlssolutlon.'ﬁﬂ“ o T U T SR

4 1 11,K1net1c Analy31s of stsolut1on of the Grileb£u¢v1n [
. é . ’
' DMPC Coprecxpxtate System Under Slnk Condxtxdhs

%

Dlssolutlon rate lbmlted absorpt1on 1mp11es that therevd'

is no bu1ld up of drug concentrat1on in the gastro1ntést1na1 SR
5 3 ‘
flulds i. e., the j}ulds ect as a perfect sink. Frequently 1t

)

~1s necessary toruse ?:ceed1ngly 1arge volumes of d1ssolut1on j

ntain sink conditions (166) Another:‘lv;ff

]

medlum 1n'order to m

| dLssolutlon tests u51ng‘an amount of sample less than 10 to o

,20% of 1ts solub111ty. Accord1ngly, d1ssolutxon tests werev%:”

>

Tconducted u51ng an amount of sample equ1valent to 1 5 mg of

'igrlseofUIV1n (170) ‘ TH% d1ssolut10n results obtalned from"

'-uthe gr;seofulvin;' C coprec1p1tates are shown in Flgure 32

A pronouncedpfincreas ° 1n the 1n1t1al dlssolutlon rate of

. griseofulvin from-"thej coprec1p1tates%lwa : observed »asf'



e

e

" Figure '_31.1 ‘X=Ray - diffraction

sptrum -;-ofj" a griseofuly

" DMPC- coprec}:"-i'p‘i-taw-t:e” (4:1), A-Ft‘esh‘_‘ sa‘mpl”e‘, _ani

:1‘_fof‘112fdays.»4-__'

.....
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CONCENTRATION (mcg/mD) .~ " °

ey fuma GRIS
A SOLV GRIS '
- GRS DMPC 19 *coppr

& w7 1.21 GRIS:DMPC 41 coppr

D GRlS DHPCI 51

'7;1F1gure 32,

D1ssolut1on

»i

30

TIME (ml‘q)

Rate )

prof11es "of .

L2

so - 60"

. s
~ Coaw

70

untreatéd;ff_ i

solvated‘!r1seofulv1n and 1ts coprec1p1tates thh DMPC ﬁnder

s1nk cond1tzons in HCl- KCl buffer at pH 2.0

MeantSEM are plotted)

and 37 C.

( B

e N R




i_ compared to untreated and solvated Agr1seofulv1n. ‘iﬁiiiéll"
nvscreen1ng experlmfnts 'showed that '_the: presence ~of;;c
;polysorbate 80 exerted only a sl1ght wett1ng effect on the’l
o powders. The 1n1t1al d1ssolut1on rates and the percent of'l

.gr1seofUlv1n in solut;on_

isummar1zed in Table 11{{'
‘inf'the;ﬂIDR‘ vas observed “for 19:1 4:1 'and' 1.5:1

(gr1seofulv1n DMPC) coprec1p1tates,iv; respect1ve1y, : ‘asp’

:the end,.‘f;iso m&n. _are_j"

Cfe?S?S.Of'l?S?, 2.8;, and 2- foldiﬂd”“”'

compared ..to' untreated gr15eofulV1n. » Also, more drugﬂ"'

| underwent dlssolut1on from all of the coprec1p1tates at the’

*end of 60 m1n. as compared to 'untreated and solvated’

':Zgr1seofulv1n. Analys1s of varlance on these systems showed a':rj~

hlghly 's1gn1f1cant F ‘value at. the 0 05 level Further,v:'

comparzson of the formulat1ons us1ng Duncans test revealedq‘
that h g coprec1p1tate systems were allf751gn1f1cantly

idxfferent from untreated and solvated gr1seofulv1n at all

t1me polnts tested for 51gn1f1cance,_name1y 5 30;-and-60J“f

'vm1n. The large 1ncrease in’ the dlssolutlon rate from the“

(] L
,coprec1p1tates cannot be expla1ned on the ba51s of 1mproved;l,

_wett1ng by DMPC 51nce in the concentratlons employed 'its o

‘”_surface actlvzty 1s qulte low. |
£.1.11 _.71 First-order '.xi.net‘fi“c :'nodel

jv_Accordlng to the flfSt order rate equat1on (Eq 18) a plotz

'7 _of log(100% - %D1ssolved) versus t1me is, 11near. However,_asv

shown 1n Fzgure 33<va change 1n slope of the. plots occurs‘



’ . Table-11

v . .. . .‘V»
D1ssolutlon tof Gr1seofulv1n . Formulations:

Condatlons at- pH 2, 0 and 37 C._”l

Under[

Sink

Formulation* ~ -~ IDR'V

_(mcg/mL/mln)

'After 60 m1n

' Amount Released

(%)

0.0150.003

0,054£0.004

| 0.027:0.007

0
0 .
| ‘oﬁqgafo;dogﬁfel’l
o{bisﬁo;o1b :
0

69, 3+3 g

45,1236
~anssn, 7i]d

183.7£2.8

87.332.8. ..

x¥'1; untreated g:lseofulv1n,12 solvated grlseofulv1n,‘3 v4;\

_:and 5, gr15eofulv1n DMPC coprec1p1tates 19 1 4

,respectlvely

"f’Based on the calculated amount released dur1n9 the flrst 5 A

G

' The values represent meantSEM, n=3.

Ty
et

;1; and 1. 5 1
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 UNTRGRIS
A SOLV.GRIS'
O GRIS:DMPC'19:1 COPPT |
“[@ GRIS:DMPC 4:1 COPPT
" [0 GRIS:DMPC1.5:1 COPPT .
0'5 ‘.'l. : LR - . - : . i .l ', .l.v . -
.0 10 20 40 50 .60 70
‘ o T[ME (mln) ' SR

"F1gure 33 Dlssolutmn of gr1seofulv1n forﬁn’uia‘tions in’

':.aqueous buffer under smk cond1t1ons plotted accordmg to

flrst order k1net1c model



) SRR o A o

h,between 23 0 and 35 0 mln. dur1ng the dlssolutlon test. The
<3

'values of. K determ1ned from the slopes of these two curves (

and K") and Tw,.A (t1me taken for 40% d1ssolut10n of>'
:drug) calculated from. . . o | |

T = p3511/x .
for'rate cohstants (K"and'k“'frespect1vely) -are. summarlzed.
in Table 12, A‘%%U f) and 5- fold 1ncrease in- K' 1s observed
w1th( the 19 1 t;4:1' and‘*’1 S 1‘algr15eofulv1n DMPC

"fv

'1ncreases, in,”K' are',also.. eflected fn" correspon

decreases in_“T;' Values.,*However the dlfferenCe bétwee
<tsolvated gr15eofulv1n and coprec1p1tates decreases toward s
D" . . .

f'the end of the dlssolutlon test per1od as noted from the K"

’

"and Tio values.

4;1.11.2 Second Order Dissolution Kinetics

-

A plot of . W/w Uﬂ w) agalnst t accordlng to Eq 19 is;shown
- in Figure . 34,_ The apparent ‘rate"cdnstants _ahd ]béhéf-'
Parameters derivedffrOm these-data.are‘shbbn {h‘Tahie; 3;drh}
‘hRegress1on analy51s of the ylelded correlatlon coeff1c1ents
U greater than or equal to 0.99 in all cases. |
- The t1me taken for 40% of the: drug to dlssolvet T.o,_is:v”

;calculated from the equat1on“ﬂ.i~’

Tao. = 0.488/K;



pable 12

Evaluat1on of the Dlssolutlon of Gr1seofulv1n Formulatlons'?'d

”: Under S1nk Condlt:ons Accordxng to Flrst—Ordef Klnetzcs.,"

L Formu=. . K. '.'Tgo'o‘ oo K Tege o Teo

o e o e e
tion*,vf(min;',) o (m1n ) (min;'”)h_.(ming)- ~ (min,)
- o | SRR JEN AR S

5 Yt téhf7fQéoi13fo : 46,0Af;‘ 0.0068 . * 75.1 47,3
- 2‘ dfff‘ot01qsltdf;48ﬁ7." to~6675;;r;jsg;1 563

3 0.0258 - 19.8 7-0 0105 465 168

| 5'-f”tto-d516d'f5ef9;93'i, d. 01571_ 32.5. 7f>ﬂi&5s_"“:

‘ K', is the apparent flrst order fate oonStant;‘determided
between 5 and 30 m1n. and K" determ1ned between 40 and 60”
m1n. from the slopes of the 11nes 1n F1gure 33 in wh1ch theaj

'»'means of three dlssolut1on determ1nat1ons uere plotted

'T‘o and T“, are vthe tlmes for 40% d1ssolut1on calculated; f

us1ng K'”and K" respectlvely._ );
'TA5~4‘i§' athé tlme o‘for-_ 40%5_’di§§oidtiod5 ”dete;mihed: ‘

experxmentally

* = Key same as 1n Table 11



 Figure 34:

254

e

O UNTR.GRIS.

A SOLV.GRIS - ‘ :
. GRIS:DMPC18:1 COPPT
'® . GRIS:DMPC 4:1 COPPT .
O cms :DMPC 1.5:1 copp'r.'_,

10, 20 . ao 40 - - 50 e
A T[ME(mm) R

Y

om0

1 23 L

Dlssolutmn of gr1seofu%vm Tormulatmns under

: : ‘_1sznk cond1t1ons plotted accordmg to second order kmetxcs._-v

| IZZ'Z‘:'?" N

{

Kl -
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Table 13

v

: Qf?‘*“"k;-.“_ .
Vv X

i
v

A

EValuatlon - of the D1§solut10n of Gr1seofu1v1n FormulatlonS e

o Uﬁder S1nk Cond1tlons Accord1ng to Second Order K1net1cs. -

f'Forqalgé -;;'./' Kgf -f g Calculated ‘f 8 Observed

tiont «  (mg.-'min.) T..(min) T (min)

jﬂie:ifl_:?ﬂ-rye??fk "_f0.008§;a_?.:., 50;5__e3 .'_.147;;fa;‘
~0.0079 .. . 56.2-- . 56.3

" oozss T F I T
o.0ss3 s sl

YT I R RN R

’1:7# Key samé as Table 11 )
; U

= K,.'is wthee apparent second order d1ssolut10n rate constant

 obta1ned from the slopes of: the l1nes 1n flgure 34 in Whlch .

‘"the means of three dxssoﬁﬁt16n determ1nat1ons wete plotted.'-

T.. 1s the t1me taken for 40% of the drug to d1ssolve‘. ”"'



{3 a;As shown 1n Table 3 there 1s approx1mately a 3- ,jﬁ,”ando‘

‘110—£old 1ncrease:fin".the second—order d1ssolut1on rate

~

'LﬂéonStaht ‘and correspond1ng decreases i the calculated

~h'va1ues‘3vdf5f T;o w1th¥ he“d 19: 1 43 1, | and; 1. 5 10

‘l

g gr1seofu1v1n DMPC 'cd@rec1p1tates as compared to solvated A

' ”.gr1seofulv1n. SRR ,-'_1_‘ : [A;m; SR R

'-_':14 1 11, 3 Wexbull sttnbutlon Functxon ,i |

| 1 The d155010t1on of gr1seofu1v1n formulat1ons examxned
:@;;jklnetlcally by the Welbull d15tr1but10n equat1on (Eq 14) 'is
rdescr1bed i P1gure 35 and Table 14 An aulelary ord1nate
"scale on the rlght hand side o‘ F1gure 35 has been added 1n'
jlorder to be ‘able to- calculadé the t1me requxred for any |
lolven percent of'ﬂrug‘io d1ssolve.‘Tab1e 14 conta1ns th s
"data derlv\ed 'from the varlous d1ssolut1on parameters a’l

.'i.deflnedrﬂy Eq. 14 The values of the shape parameter b are
. »{" ‘

. fall <1 1nd1cat1ng that the curves have a steeper slope than
slS cons1stent w1th exponent1al behavior - The T.o and 'I‘d

vaiues are much smaller than thoSe of untreated and solvated
. Ce . HAV . g .

grlseofulv1n.‘

4 e
) ’
L

’4 1 12 Dlssolutxon of a Tablet Formulat1on of erseo£u1v1n r_,:ﬂ

DMPC Coprecxpltate

The dlssolutzon of grlseofulcﬂh—ﬁrom tablets contaf‘“ng\\\
) ;untreated grlseofulv1n,.3”andiv gr1seofulv1n DMPC (4:1) 3\5\\;

/"

”coprec1p1tates 1s shown 1n F1gure 36 ‘is appa ent that__‘.‘

rthe d1ssolutlon behav1or from tablets d1ffers from rthe_-

AJ

e

powder and that tablet hardness is cr1t1ca} In‘contrastVto.
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O
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o

- SOLV.GRIS _

UNTR.GRIS "

GRIS:DMPC 19; ICOPPT
‘GRIS:DMPC'4:1 COPPT-
'GRIS:DMPC 1.5:1COPPT

- Figure 35,

Log Time (mln)
o

.15

¢

Dlssolut1on of grlseofulvm formulatlons under"

g1nk condztlo.ns piotte;d accordmg to the Welbull Funct1on._



‘Table 14

t

_Evaluatlon fof? the D1ssolutlon of Gr15eofulv1n Formulat1ons

f;( Under Slnk Cond1t1ons Accordlng to the Welbull D;str1but1on

f;Functlon._,f”'

- Fermut_'f loga _-b. }.gTQQt(mihtl_'],ti"Td (min.)

“Pred. . Obs.  Pred. . .Obs..

ST 0077 9.0 47,3 1099

2 2,00 0,99 588 56,3 10a1 o

3 11 0.86-  16.6 o 16.8 - 43017 3‘37_.'-2._‘; P

i S .0e 074 e o5 2, 9 '_f 6.8
5 tff_a.goff ab;QQE Hf;i119'5f' i1ﬁ5f;' 25.9 Coans

-

I Key sdme ‘as Table 11

.-T.,'ls the tlme taken for 40% dlssolut1on. ' o (.
'5"Td 1s the t1me taken for 63 2% dlssolutlon.

"IffThéj values were obta1ned from Flgure 35 1n wh1ch the means o

. * .

 of three dlSSOlUthn determ1nat1ons vere plotted e
S T R

il G e e . S
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 CONCENTRATION (mcg/;

T[ME(mxn) AR

‘* f;F1gure 36 stsolut1on Zdﬁ B grlseofulv1n:"froﬁ jftéﬁletéf?

W 'fconta1n1ng 50 mg equ1va1¢nt of grlseofu1v1n _1n HCI*KCL‘f;~7f

lfbuffer,- pH 2. 0 and 17 c. (n=2 MeaniRange are /pl:tted);"

*;Key Tablet A,vmntreated gr1seofu1v1n (S‘S?kg hardness)

}and C,_grlseofulv1n DMPC (4 1 wexght ratxo) c0prec1p1tat'slf

if(3 5 and 5,5 kg hardness respect1ve1y)';jfﬁigiﬁ'“L



RS e T T e T e e e L

f;thei powder;‘ IDR is greatest from tablets of m1cronlzed

‘i:gr1seofulv1n of eQUal compressxons (5 5 Kg hardness) but at

‘lia lower compress1on (3 5 Kg hardness) IDR 1s relatlvely slow"f'

@ N

e *but 1t contlnues at a. nearly constant rate Yor about 30 mln.i 3

"fjbefore levellng off In thls respeet the tablet and powder

e i

"1formulat10ns of grlseofulv1n DMPC coprec1p1tates behaved 1n

;,a~s1mylar fashlon. The d151ntegrat10n t1mes of all tablets
n was found to be 30 seconds to 1 m1n. The placebo tablets
'J'Showed a very small var1at1on in the welghts (2 1%) and also
‘,hardness (1 75%). | | i o
‘j_;1l{;l§THYdrocortisQne‘acetated(ﬂth)rﬁkét Coprécfpltatesi:rffﬁffﬁj
v S T B LT VL IR AR el
ﬂ:“;4 i 13 1 UV Analys1s ”:'7d‘?:hh."gﬂu;p‘i;> ;ﬁlpjtf‘hg; {i:fﬁ{~fé‘;?ﬁ
| . A l1near cal;bratlon curve whlch obeyed)Beers law: over "
v.the concentrat1on range of 1 to 20 mcg/dilwas obta1ned for
“plYHCA and.1s shown in Frgure 37 Regress1on ana1Y81s of the
;v.ekperlmental p01nt5 ylelded slope h'~0 0357 1ntercdpt ':ll‘
’v_:jo 0046 and correlat1on coefflclent r = 0 9998 ‘ {f§;¢ Jef' .
th*‘4 l 14 Dlssolutxon Behav1or"’hj .:ﬁ:f /:;?l LB
| hCA"‘ls i reported “tof.‘ .. ‘;Qa ‘solyate*ﬁ:w1th~iy"°5
d‘dlmethylformam1de (DMF) (171).VThe dlssolutlon of nntreated : ;%
w_HCA was. fOund to be lower ‘than that of HEA~ DMF solvate as fggf?f
shown,jln F1gure"38 HCA DMPC (4-1) coprec1pitate from
.ir‘chloroform dia: not dlffer 1n 1ts dlssolutlon propertxes as. -
: compared ’to' untreated powder.- However, HCA DM#C 1?' -

g coprec1p1tated from DMF chloroform showed an '1ncrease‘vin L



" Figure 37, " Beers, - Plots f

S R PI
'ﬁlhydtéﬁqft;sogev

L850 (A 782 nm).E

N : I U TR
B _CONCENTR&ATION- meg
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v' :

T
18

fmi.

120

24

6r_'» Ehev:‘:quanéitation".~of

‘deionizecd distilled water at pH |



244 S
‘Sz”_sier‘n U »“‘.;‘ .
Satems
.»S‘zlsterr\“ 3 '
“Systema

20/ L

(=3

" CONCENTRATION (mcg/ml)

s ' L LT TIME’(rnin)v Ll L

;'F1gure 38 _D1ssolut§n_ f hydrocortxsone a'c'e't':ja‘te_' ‘in
. .delomzed d1st111ed water pH 50 it 37° C. ’lsy-s‘t'e;m'”

w ¢

- untreated' 2 DMF treated 3],-» and 4 HCA'DMPCUL 1 weigh't B

) 'rat1os) coprec1p1tated vuth chl’oroform and DMF chloroformj“"

(2 y v/v) respectwely. (n=2 MeantRange are plotted)



7ffmg(L) (172)

1

f?gréater than the reported solub111ty of HCA 1n water (10j

-‘vQ

4.2 IN-VIVO STUDIES

O

"‘?:4;igi7npnc_hhhﬁysis,éflgniseogalviﬁ iﬁ;gat]plasmaf,'

*}'4 2 1 1 Determxnatuon of a Ca11brat1on rurve

v :
A two‘é- p01nt callbrat1on curve u51ng the 1nternaﬂ

L 8D g

‘fgstandard method was constructed hyvfnject1ng;pl§h{ p sma

B 1samples : sp1ﬁ§d w1th solutlons@w oﬁ gr1seoﬁ%lvrh d

nfsamples used for 1n3ect10n conta1ned 1 0 and 2 0 mcg/mL of’

-'igrlseofu1v1n. Both samples conta1ned 2 0 mcg/mL of he‘fﬁ

S

‘ - internal- standard fThe‘ rat1osv;ofn; peak areas iof;:l
‘T[gr1seofulv1n to 1nternal standard for the two samples are

L g T

.uadlssolutlon as - compared to both the solvated and untreatedf
'":;forms of the drug. Furthermore, the curve dldvth plateau at R

f-?}60 m1n. The concentrat1on reached at the end of 60 m1n. wasav

dw

ot

"m phenylphenol (1nternal standard) 1n aceton1tr11e.fThe twof?‘g”‘

Y9,

'calculated and pr1nted T;‘response' factor whlch nas'ﬂ"‘

'ijarea rat1os was 2. 78% and 1 66% jrespect1vely

) reta1ned in memory The coeff1c1ent of - var1at1on of ‘the. peak'_"br

n The lxnear1ty of: the relatlonsh1p between' peak area .

'ratlos and gr1seofulv1n concentrat1on gwas determlned -as--’

74mcg/mL to 6 0 mcg/mL) and a flxed concentrat1on of 1nternal_

>:f0110ws' The"ratios- of the peak areas of plasma samples ‘

a-spiked w1th vary1ng concentratlons of grlseofUIV1n "(0.3:



I R S
- . Table 15: " .

BEE TN

preCI51°n:“bﬁa.anfwa:Pbint Callbratlon_ CP:vea-fdfaiHPLCf;'kf'

A}

'"-:,Determznatlon of Grlseofu1v1n 1n Plasma Samples.

L

.Peakaréa'Ratibéf{]’aa
flnjecpionf#'{;ﬁ.,i9' ,j R "{f?‘  ’fﬁ

ist Point® " 2nd Point®

ST e e e T e f'wa'f
Sl e 0e84470 e LR
Co2 e T . 8730 R 1 7589

3 b.Be25 ., 1.8174

© Mean:SEM. 0. 870120. 01e "1.7.352;0,-01-'}7;.

i mcg/mL grlseofulv1n, 2f mcg/ﬁb”'ﬁfpﬁénYlpﬁehbl_;(ihternalfk'»
Standard) .

P2 mcg/mL gr1seofulv1n’i.2y,mcg/mL ~mfpﬁéQY1ph¢hblgz(iﬁtérﬁal-'
'ﬂ”standard) ' ‘ N



*.(‘

.

‘ e - ' _.,-‘

standard ,(2'_ mcg/mL) ’Qére' °obta1ned 'bY » 1nject1ng jingyl.kr“'
tr1p11cate,-and averaglng the results; Rngress1on analys1s
.5o£; peak arear ratxos versus’ gr1seofulv1n‘ concentratlon',
%7;‘y1elded a correlat1on coeff1c1ent of 0 9399 SR »"
-4

tf;m4 2. 1 2 Ver1£1cat10n of the Callbratlon Curve
. Further conf1rmat1on of ﬁhe callbratlon curue u51ng
| 3p1asma ' samples K splked | w1th known ﬂ cOncentratlons ' of

_bdfgrlseofulv1n apd-the 1nternal standard gn aceton1tr11e.are.
o g1ven 1n Table 16 Agreement between the theoretlcal and
'zobserved concentrat1ons, 'Qésl grea}est tfbtne, h1gher
'ficoncentrat1on' (=0. 9%) and somewhat“ ﬁéss ‘ b’tn lower
concentratlons (3 28% and -3 04%) Thakdétectlom 11m1t was
"v0 05 mcg/mL Hence,_-th u method Mas— considered t be

‘-“,suf£1c1ently accurate for the quantrtatlon Of griseofulVIHI'

).

'7j1n plasma samples.

Aceton1tr1le was found to be bét@er than ethanol for_

: deprote1n1zat1on s1nce the latter, y1elded Va hsupernatant

vlireported by others (149) Aceton:trfﬁe is the solvenﬁ o

4 fcho1ce'u' the{BHPLC analysas of grlseoiulvxn Splas
“samples as well as. for a number of other drugs.>) B S A 1

4 A TR

v
e

' A 2, 1.3 Analysxs of Rat Plasma Samples

A typlcal chromatogram s obta1ned follow1ng H?LC; .
- B B N ') i ) .
1nject1on of the supernatant of a deprote1n1zed blank plasma

e

. sample is shown 1n F1gure 39 The blank plasma does not show

_dany ;peak¢ in; the~ regxon where gr1sedfulv;n. and 1nternalii



TS _ Table 16 . L
‘4" Verxflcatlon of the Two P01nt Cal1brat10n Curve for HPLC
Dete;m1nat1on of GrlseofUIV1n in Plasma Samples

’“ﬁgﬁ?j;ff. S

_ Theoretical = Observed ~~  Mean:SEM .  Percent

Griseofulvin - Griseofulvin - -ObserVed" - Deviation -
' Concentration = Concentration S Conc

“»;1(¢¢g/ﬁn)via l“(ﬁcg/mL)_r g'f'(mcg/mL)

00 csI830 - T
.00 . . 5.8122 ©  5.845420.050° ' .<2.58
.00 6.0088 S

00 2,020 . oo N
.00 . 1.9447 1,982720.016  -0.9"

00 719920 o owT

.00 1,9735° L L

00 100102 o
60, 1.0145° . 1,0269:0,018 - . +2,69 |
007 T T1.0018 | SR

.00 ° . 1.0810 -

.50 ";lnv__'o 5232 0.5164%0.005 . +3.28
50 0. 5068‘f ::;1"f-,;; T T
250 . o.as2 o M
.25 ¥0.2748 . 0.2424%0,007 . -3.08
25 . Coaest Lt
25 0.2362 . oL A
.25 _.}; 0 2454 | | R
oo 2183 '?"

g

\

S OO OO O O S O e e s NN NN OO O
wn
o

[ (8}
(8]




hstandard appear (3 5 and 5 0 m1n. respect1ve1y) suggestlng3]5?5

"anOx p0551b1e 4 1nterference',finf”fthe,; quantltat1on k'oﬁr

“_gr1seofulv1n. f Af} chromatogram obtalned » followlng the3 B

'tl1n3ect1on of the snpernatant of a blank plasma sample splkedff,;eﬂf

w1th¢grlseofulv1n, 4 demethyl gr1seofulv1n (4 DMG) jand ther

1nternal standard 1n acetonltrlle 1s shown 1n F1gure 40 Thef’-.;ft

.dpeaks at 2. 4 3 5 and 5 0 m1n. were 1dent1f1ed as those ofghii.'”

" {4 DMG -gr1seofulv1n, and 1nternal standard ~.respect1vely.f

.tGood base 11ne separat1on of the gr1seofulv1n and 1nternal“dff.”"

l”ffstandard peaks was obta1§5d (151) RIR _
A LA typ1ca1 chromatogram obtalned from the analyszs of.'“

’7-the supernata t of deprote1n1zed rat 1asma sample obta1ned"
? P

from a rat whlch had been dosed orally thh an aqueous,“fvr-'

’,;suspens1on *-of” grlseofulvln 1s shown ; inf- F1gure 41.‘1“

o _‘Grlseofulvm s metabohzed to [ 4- and _:,51-1:

ﬁ!}methylgr1seofulv1n 1n the rat. However, @-DMG 15 excr I d" .

'.~as a gl curonlde con]uggte and 6 DMG is in- the free form mdj'

.f(29) In reverse phase (RP?chromatograp},y 4 DMG glucuronldef*"':”

.\! .

'ifwas not reta1ned by " the 15 cm column._Separatlon of 6 DMG;5-7'

A]and 4 DMG ﬁ%s ach1eved by RP chromatography u51ng a 30 cm'f‘

o Q.
'jcolumn.'The retentlon t1me of 6 DMG was lower than that ofu

4~ DMG.. However, us;ng a- shorter column (15 cm) ! isipip.j?

'unl1kely that 4= DMG and 6 DMG wou&d have _very d1fferenth-:‘?"

'-ﬂretentlon tlmes. The peak at 2 3 m1n. (Flg.v41) is, therefore-"l‘

' n

f.attrlbuted to 6 DMG Complete separatlon of thls peak was

'h:not attempted 51nce 1t was not 1ntended to quantltate the‘
'metabollte in the current study



”l; deprote1n1zed (w1th aceto_‘

: $rat.-20 mcL was 1§@ected

F1gure 39 ﬁPLCl}?‘chroﬂ§®ogram“' obtazhed fromi* ftﬁé _
gﬂte) blank plasma sample of the 
i Sk, Cie Novapak Column. Thq

j}'flow rate of the mpbile phase (45% aceton1tr1le 1n 0 1 molarw

?acet1c ac:d pH 3 5) was 1.0 mL/m1n.;,,fﬁf
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5.025% . .-

'5f4 demethylgr1seofulv1n (Peak 3)

20 mcL was 1n3ected on a 5 ;ﬂA 
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- pxgure 4*0 HPLC chromatogram obtamed from a blank plaSnua”"' RRRE
,,;.SAmpie, splked w1th aceton1tr1le solutxon of 9r159°§ﬂ1v1n2 f;

3 (Peak ) m-phenylphenol (1nterna1 standard) (Peak 2) and?"f:'

»*u, C,. Novapak Column. The flqv rate of the mob1le phase -j?

1 (45$ acetonztrxle 1n 0 1 molar acet1c acxd pH 3. 5) was 1 0:'

Kl

B



7"1nterna1 _ standard and Peak




T

f“‘shown by the standard sample of grlseofulv1n. The fragmentff

i:fﬁ3 0 and un1onlzed at pH 7. 0 and heﬁce, 1t is not- reta1ned”~-

"Liby‘the column (152) The retent1on t1mes of grlseof&%v1n (a_7

‘f;iboth at pH 3. 5 and 7 0 Th1s hypothe51s was found to bef;)"

‘i}len..“” |

.69;fﬁ3df 214 and 215 conform to the four ma]or fragmentsp

. . ,. .‘xl .’ ; - . - .- B ) - - N .. ) : B -y ) LN . .' o o ) . B L = ) - . . .
,é

The retent1on txme of gr15eofulv1n compares well w1thj‘7'"

R

Vf:that 1dent1f}ed 1n’ Flgure 40.“ To conflrm whether or not':’

_;;obtazned u51ng a moblle phase f 45% acetonrtrxle5ain -

y “

"fweré not expected to change' wltrx ‘a change in :the‘<mob11e']

”*phase 51nce the degree.of 1onlzat1on remaxns the same forh{
'7_dcorrJ\{ as shown 1n Flgure 42. It 1s apparent the peak at

ptgrls) and 5.0 m1n.,(1nt Std) were unaltered Thls 1nd1ca¥esiiu

lﬂ;the presence of dhly grlseOEUIV1n 1n the peak e1ut1ng at 3 ijf

: \

"3f;:de1onlzed 3 dlst1lled water ;(pH 7. 0) ‘ Slnce '6ufD¥G?“i§3!a};*'~

vﬁphenol1c metabollte, (pK 4 5) it rema1ns 1ohizéa~at“pa}fhjf

7rflneutral compound) and the 1nternal standard (pK,;éi 9.64) .

?f;z 4 m1n.vv1rtually d1sappeared and the peaks at 3 5. m1n.h‘“

Further ecldence to thlS can be drawn from the resultsi;*

ifobtalned by subjectlng the 3 5 mln. peak to GC MS as shomn*"

: R N
'1n-Flgures 43 46L The chromatogram of the sample shows a ..

53(14 1 m1n., F1gure 45) The mass spectrum of the samplero

7ffpeak w1th a retent1on tlme of 14 0 min. (Fzgure 43) whzch?r:]

.LG—DMG 1ntertered with. grzseofu1v1n chromatogram fwaSVf”“*

"]agrees well wlth the retentlon t1me of standard“grlseofulv1n R

'u}hfshowsothat thq four major fragments hav1ng a m/z value of B ol

JW'5P?§¢,mass 352 0 ,corresponds; to the molecular welght fj.'G5
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ifFlgure 42 HPLC : chromatogram.jfof; obta1ned : from '5';"

| 'deprotelnlzed plasma sample of - rat’ dosed with - an aqueous aﬁ

"ff"Vsuspen51on of gr1seofulv1n. Peak 1= gr1seofu1v1n,fand Peak

'2E;~1nternal standard -r20v mcL' was 1n3ecggd on . a 5u, C‘-.a‘k

‘Novapak column._The moblle phase was 45% aceton1trlle
‘delonlzed d1st1lled water (pH=7 0) at ‘a. flow rate of 1 0?1
y mL/m1n.;7':': N o ' A '

. eie
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FRN 5447 RS
15T SC/PG1 . 3 :
Re ‘so Yo 1.00

] prisme Gk :
| 100s220 @ xsmme

ana1y51s ,'c_sf* the peak
1_n VHPLC (evaporated to dryness and
";"-'.‘,reconstitdted usmg d1chloromethane) followmg 1n3ect10n of
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.F1gure 44 - Mass spectra of the peak elut1ng at 3 5 m1ny 1n
IHPLCJ (evaporated 'tol dryness -,and‘- reconstltuted us1ng
Amethylene chlorlde) R ST “'.;:‘. o .ij‘ " C
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'F'igur'evf' "%5/‘ Gas chromatogram of 2 mcL of a solutlon of a,

pure sample of gnseofulvm dlssolved 1n methylegg'}w

“
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.vgigute“,,46.., Mass spectrum of a pure sample of grzseofulvm

' 1n methylene chlorzde.



C146
©griseofulvin, T

4, 2 2 B;oavaxlab111ty Stud1es 1n the Rat Hodel

"'were compared u51ng the rat model and sampl1ng plasma at'

Bloavallab111ty studles on the .var1ous formulatlonsc,?,’

l,var1ous_.t1mg. 1ntervals (see Methods) Typlcal plasma?tﬁ}f

';hfconcentrationet;me | proflles ; obtalned after the'ﬂ-oral

f~adminiStrationJ'pof,g varqous'- formulat1ons n'aS“{“aqueoustg

suspens1ons ”arexp shown in:‘ F1gure ; ”47. . Plasma
Sl E ; : ,

concentratlon t1me prof1les for grlseofu1v1n were analyzed-

7ﬂf US1ng he average values 'of: 1nd1v1dual peak plasmaf?'

concentratxons (C;“) the t1me to. peak (tn“), area under thev"""

plasma level t1me curve (AUC), 0. to 24 hours, and the plasmaw

concentrat1on after s hour (C,M). The results are Suwmar1zed'_d,‘*'

1n Table 17; The results were tested for stat1st1cal

s1gn1f1cance us1ng one -way ANOVA -(173)" A szgn1f1cant F-{

..‘

value vas obtalned 1n all cases except Eoex

&
means, Duncan s Mult1ple Range Test (169) was used These»'

results are presented in Table 18.

The (;,,Kphta1ned from solvated gr1seofulv1n althoughfw
. .

To cvmpare theifV

sl1ghtly : hlgher,i fwésif:éOti« 51gn1f1cantly - dlfference:"ipt

:} stat1st1cally~ from thefIValue~,obtalned from,'untreated o

grlseofuIV1n. A 51gn1f1cant 1ncrease in the (;“,

Clhr was o

observed w1th coprec1p1tate systems compared to untreated*s"

and solvated grxseofulv1n. For 1nstance,va 2= fold 1ncrease“ﬁvp"

in C;“ and a 2. 3— and 2,8— fold 1ncrease 1n AUC was observedf5“

>

- frOm the 19:1‘-and' 4:1 gr1seofulv1n:DMPC' copreclpltateshﬁhﬂ,[ﬁ




Table 17 .

T

'.peak Plasma Levels (Cmax ) Tlme to Peak (t:,m l4 P}asma Level 3

e

vft}at 1 hour (Cmr ), and A:ea Under the Plasma Lev -t1me Curve”' .

'*QJ(AUC) frqm 0 to 24 hrs Follow1ng oral Adm1 1strat10n of

:'5100mg/Kg dose‘f'f Grlseofulv1n Formulae1onsf”;. Aqueous‘;“l

Suspen51ons to Rats.'“

"~ Mean#SEM’ Values of

"fFQfmU;”“'4T';';f;*;5*5;;‘;*f%f;*ff;‘F'é;;fé“ff;f'";‘fff“
.7;1aﬁibh*p7j;f."c}m U Cpat e AUC

e e (mcg/mL) ~ dmeg/mL) - (hrs)  (mcg/mi/hr)

‘*r}{:_5'50j58:bfi3'v.¢;49:b,36[_43§00¢0;63;2"13;05;3501‘;’
0. 57+0'Oél,*l‘68¥0ﬁ22 ;f6;40:1;94"}f17;9622;él

16250019 3.3820.43° 5.8081.62  36.34%4.71

s e

Cpage0. 11 9{1,51¢0.;o_[;4.7sz1¢03v 15.3334.36

LTy
. N e
s v

e

ERF A S o R
;éi‘l,»gnfreated grlseofulv1n° 2y Solvated Gr15eofulv1n°'3;;4)__
rh

Seofq&V1n*DMPC CoprGCIpltates,w 19 1. hag 4 1 welght
;«7“ atids tgre-spectwely, and 5, grrseofulv1n DMPC 4:1 physzca1'3*
5 ° Py m!vx‘tﬁre. o I S o AP S

[N . Yoo
- . ..

: |
'

-5 except in formulat1on 5. where n '4.-'

: e, T '._" . : o I : . T e . R .
e - o e A : g - . )
. N PR N o : o ) - PR P

. 2320. zs:yfé 19+o 55 . 5.00£0.89 30.645.11
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R | A rfﬁ*?. . N A
'z“_"Dhneahﬂs _v‘ﬂu1t1ple Comparzson of—Means o Test f }on1;fgthej

"aBloavallablllty : Parameters ' Obtalned o Follow1ng   fthe e

o  Adm1n1strat1on of Various Formulatxons <:f Gr1seofulv1n as

_Aqueous Suspens1ons to Rats.g”

1\‘

P onavallablllty X'V'ff]?fn_ ' Duncans Test

Parameter ’6[f:fve;'b . Results

l. : C-max ‘ : N - ‘ : v 4>3>2>1

m‘x; |  _ ‘ RN ,: f 2>4> 3>1 .

U

-Formulationa-1,.JUntreated, griseofulvin;

‘ ;L solvated ‘
‘.Egrxseofulvxn' 3 .d 4,' 19 1 and @: weight r?t?Q,e;v
';grlseofulv1n DMPC coprec1p1tates, respectlvel, iR |
iThe xnumbers'lbf‘bthe' formulat1ons-.under11ned are not

:as1gn1£1cant1y dlfferent: from“_one another 'at the'vo 05

o sxgn1f1cance level
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o 'F'ig'ure‘ 47 ) Plasma concentratmn tme ' prbvfi-l'es 3 obtamed

followmg oral admmlstratmn of gr1seofulvm formulatmn to

rats as aqueous suspens1ons. (n=5 MeantSEM are plotted)



'f7respect1wely,. Hd&éver;fA'b _%UE? obtalned from " the < .-

*f‘”coptec1p tates did not dlffer sig flCantlY ffom each other ;f'

,.,lput both uere s1gn1f1cant1y hlghEg than those obtalned fromV__‘“'.

‘ ”;not exhlblt 1ncreased b10ava11ab111ty,;i:éJ'Cﬁx;ut;“,»andV"

o untreated “or solvated grlseofukvln., The admlnlstratlon ofvi

' fsolvated grzseofulvxn ‘as a phys1cal mlxture w1th DMPC d1d; f

AUC of the phy51cal mlxtures were all 51m11ar to the valuesﬁ"

~'  obta1ned af!ér adm1nlster1ng only solvated gr1seofu1v1n.

Wy



';j;the drug. Powder

s mscussmn o

The dlssolut1on rate studles ‘?;wed that the rqlease oL.

4.

gr1seofulv1nl from __'coprec1p;tate conta1n1ng smallfﬁ

1Q} fractlon of DMPC (gr1seofulv17

-&_PC 19 1) was as dramat1c asf

from other coprec1p1tates»c:ﬂt,1n1ng larger fractlons of the.7

‘3!

phosphollpld (F1gure ;17?ﬁ“

.e-

Normally,_'sol1d dlsper51onsf[}tfjl

contaln\a large fractlon of carrler e g drug carrler ratmosjjhfﬁ7'

) }bf ¥ 10 (114 >174) f 1,100 (11) However,' unl1ke ._heiﬁﬁtl o

*fgr1seofu1v1n'iPG 6000 ;Qp“SUCdlnlC ac1d -sol1d d15persxonf,»u7~

e

fgh’(5 104) decreas1ng :the carrler content : when:_‘it [islf"

N

- ;phosphollpxd does noth,necessarrly ;:QSUIt g{nfbaeCreasedh:

An 1mportant con51derat1on 1n the characterxzatlon of~

'ijhsolld dlsper51ons 1s to 1dent1fy the crysballlne state of_f_“

J;-ray d1ffract1on spectra of grlSeofulvln.}:' R

._“DMPC coprec1p1tates (F1gure '8,9). show that for each of theSe;V"

¢

- compos1t10ns the crystalllne ,statel of grlseofulvxn st1ll'7f

o preva1ls. Thls is. strong ev1dence that the gr1seo£u1v1n is

nelther converted to an amorphous state nor remalns as a o7 e

“solld solutlon in the coprec1p1tate conta1n1ng relat1vely7

'hhlgh amounts of DMPC (e. g. grlseOEUIV1n DMPC 1 52 1) Th1s

o.1s further supported by the ev1dence that the phase dlagramfv

(F1gure 7) was monotectlc and also 1nd1cated no 51gn1f1cant“{

o 'sol1d solutlﬁh format1on._ A lack of mutual solub111ty of -

R

"_'grrseofulyxn ahas 'been, shown wzth other carrrers'.as_rwell“

(103).

| 151-\.,‘» A. ,



::{t1mpur1ty (the guest)

e fof entropy of the sol1d w1th respect to the 1dea1 enrh

el JRZ
A RERREY »"_'fj‘l«.} S

Recently- York am&“”Graﬁt (89) have 1ntroduced a;ﬁQ]L:'

l7d1men51on1ess term':called “d1srupt1on 1ndex (d 1) for

o -
« T

qlﬁ” the crystal lattlce of a host

L : e A e
-@{substance. The d 1 value 1s defined as the rate of change

Qp§ Ofi‘ %

"f.*m1x1ng of the compohents of the SOlld AS,G“I“; The slope of j%:ff

‘*f:fgr1seofulv1

-i»::-j'_’}bet,ween AS and Asmidea

'fa plot of entropy of fu51on of the solld ‘ast ’versus As,d“1f5?3‘3

'_‘l

for mole fractlon of 1mpur1ty <0 05 1s a close approxtmatlonf55

lThe“’authors app11ed the d 1.} calculat1on5» tofkﬁ_f

iDMPC systems and found that the relationshlpiTW

_”was 11near up to mole fract1on of,eg..“

2fp{0 12 of DMPC 1n'fthe coprec1p1tate (griiiofu1v1n'DMPC 4 T;.

ff[iwe1ght ratlo) The T lat1onsh1p dlverged from l1near1ty atﬁz‘

"ﬂ_“h1gher mole fractlon of DMPC namely 0 25 (g

v seofulv1ﬁ DMPCy;J

"“51;5}1 we1ght ratxo) The slope of the lanear part °f the'ﬁ

relatzons}up was found to ber 5 09 1nd1¢at1ng a f1ve fold.;

:»fﬁxncrease 1n crystal 1att1ce dzsorder 1nduced by the addltlve' B

]as compared w1th 1dea1 molecular substxtutlon,‘mlxlng,

:uvvvdllut1on.' It uas suggestqd that thlS leads to xncreased'

'h;thermodynamlc act1v1ty offf*thet crystals f~%) ult1ng ,miu:’

‘:a'xncreased”,_ d1ssolut10n vF‘of l* grlseofu1v1n 'i.from”j: the,f
[coprec1p1tates. | | o
However, ~.' p01nted :oUta' by}Jgthe authors, ’thelfv

e

]3dlsadvantage ot such a quant1f1cat1on us;ng DTA data 1s that,"

.fy‘uheat1ng the sample may change the order of the"crystalf;f'

ulatt1¢e by 1ncreas1ng thermal motlon and/or by anneallhg the



‘v"/ l"""l“ .

fijjsolld durlng the heatzng process.»Th:s could then lead to

‘E}reduced relxablllty of d 1.3 values. leferent technlques

'{fused to 1dent1fy degree of crystalllnlt\ of sol1ds 1ncludeh“:- -

'1nfhden51ty ‘measurements, X-ray dzfrra 1cn, IIR spectroscopy,"v

e

'fff«NMR spectroscopy,~‘ electronw mlcrOSCOPY, ‘QDT5il' 5°1Ut1°““‘

‘“;_tcalor1metry and k1net1c studles., But frequently d1vergent*'-”:”'

‘vvalues of the crystalllnlty of a sample are obta1ned fromg

A-,dlfferent techn1ques (175)._ffﬂf

The 1mportance of the role of chloroform in- preparlng:‘ﬁ

;;the coprec1p1tate 1s under11ned by the results of several?f“:

B d1ssolutlon studles., As shown 1n F1gures 18 and 19 wheng,'” e

'”:chloroform '1s replaced by methylene chlorlde or ethanol3

‘»

d«'coprec1p1tates ‘offered no advantage over phys1cal m1xturesjigf

T,or drug aldhe.vfigghfff»T-f»f;7t, ;'5 _ |
ififfThef*lDTA : thermograhs 1nd1cated 4h presence of

"_griseofulvin 1n a solvated state w1th chloroform and a;

““;non solvated state when treated w th methylene chlorxde or"

- !othanol 51m1larly,; the .thermograms of grlseofulvxn DMPQ{“

v coprec1p1tates revealed tne ex1stence of gr1seofulvzn'infa

,j{solvated state. The presence of gr15eofulv1n 1n the solvated }u"7”

xS

V;:state was also 1nd1cated by the x-ray d1ffract10n pattern as:f"

oshown yp F1gure 9 The spectra of coprec1p1tates resembleiﬁfff?

"_that bt*. solvated grlseofu1v1n f rather than _ untreated
o 1grlseofulv1n. Thls SUggests that gr1seofulv1n, chloroformg
and DMPC are comb1ned 1n a. spec1f1c manner enab

" .
v-releaSe of grlseofu1v1n when contact 1s made w1th w:t..

rapldr -

'.thJm1lar observatlons have ,been reported prev1ouslyJ

L

S A
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R

?sor1d d1sper31ons of r1boflav1n'and benzoxc ac1d comblned'

?w1th f§m3?3§Y1 %Ttohol whlch Qerformed better than anfVQV””'ff

'fcomb1nat1on w1th benzene (176) ]fffj}]#ﬁiﬂflf;lvfjfszu'

The SPECIfIC behavzor of the grlseofu1v1n chloroform e

fsolvate 1s further 1llustrated when POS 1s used 1n place of LR

!aDMPC as ev1denced 1n Flgure 28 e act1on of POS on thef |

" -

vjd1ssolut1on fcf' grlseofUIV1n from tge coprec1p1tate when_f;:'
\ chloroform 1s used as. a solvent 1s 1n a way the same as the[lf°“"
_'act1on of DMPC 1 e. POS part1c1pates 1n the crystal latt1ce};f[f"'”

»"of coprec1p1tates w1th grlseofu1v1n 1n a 51m11ar manner to*f“«

- >

;phosphohpxds. S r . S ~

o

,dpl HCA was found to form a‘ solvate w1th DMF 1n the”f

l

fpresence or- absence o.f DMPC but not w1th chloroform._HCA-DMF

'.solvate was slrghtly more Asoluble in- de1onlzed water asl

1

: compared ffvuntreated HCA..iTh dlssolut1on' rate déﬁdn
‘tsolubllzty of HCA DMPC (4 1) copﬂec1p1tates from CthrOEOrm'f
f‘dld ;ﬁ@t dlfferv from that of . untreated HCA Bufflaﬁ '

- 1

f~coprec1p1tate of the same rat1o prepared from DMF chloroform”i

d(zel—v/v) produced an 1ncrease 1nqthefdlssolut10n ratefi‘g

n‘solutlon after so."

the £1rst 10 mzn. as well as the\amount
- . ‘:--I

: m1n. These results further substant1ate the nece551ty of the

- drug to be 1n -a solvated state in order for DMPC to Q@ﬂ_

"1ncluded 'i the crzstal lattlce End thené to ,cause anr-

Terg s

ancrease in the d1ssolut10n rate and solub111ty of HCA I ‘
: - I SR N S ri:%} R
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"_5 Effect '%pf ,. _iji’;Sid'---'Cjompos'i.t_,i_o_’rj_ii “on’ DisEolution:

}fv.phOSphollp1d upon contact "

grlseofulv1n from*cop:ec1p1tates (Flgure 22)

’A,v Yy

Gr1seofulv1nr AC;;ff" .
diés*A5h°"“ .iﬁ' F1gures 36 aihé?'release. of |
gr1seofulV1n varles depend1ng on the type of ph05ph011pld‘ftfﬁ

S

used If 1t 1s assumed that EPC DPPC and DSPC behave llkei;,fx

S S R
DMPC in,gthef formatlon of;;the crystal lattlce 7o£j[theCf

coprec1p1tate, the decreased releasealof grlseofulv1n when‘f“

;'

comblned w1th a phosphollpld hav1ng longer chaln 1s llkelyf1_57

g

determlned by he relatlve ease of d1sper51on of:}tn:i‘”
Y .

» 1th the aqueous phase,ﬁwhlch J?

turn, 1s related to 15%,T j‘%he T s of EPC and DMPC are

reported to be;f10 C and 23° CcreSpect1vely (177). Howeverh;,H

the T of DPPC and DSPC are 41€E and 58 C ;respect1vely5}"ﬁ}

—&

(177) Thus EPC and DMPC would ex1st 1n a I1qu1d crystallxne{"‘

state at 37 C but DPPC and DSPC would exlst 1n a gel state3?j57

\..

at 37 C. Therefore,.1ncreas1ng the amount of DSPC 1nvthefl=‘f

coprec1p1tate from 19 1 to 4 1 makes llttle d1fference

- , ‘ _: '. o
the 'release of gr15eofulv1n because 1t does nog read11y;

| d1sperse below 1ts TC. Hence, the effect of phosphol1p1ds on;ﬂfﬁ_

d1ssolut1on of grlseofulv1n appears to be related to the1r“'

ﬁ A
1nd1v1dual ab111t1es tosiapldly and spontaneously undergo,f

d1spersi£n 1n aqueous medla. In th1s regard 1t 1s known that

DPPE alone does not readlly dlsperse 1n water (178) and

:dﬁ conseqUently, 1t does not. 1nfluence the d1ssolut10n of_'

-fAnother approach taken to alter the 11p1' compos1t10n&-

-

N

’foikas the " addltlon- ofa'choleste;ol 1n the l'pld phase

.y s . . R R IR Y AV =
L v o e O N

- . N o e H A s
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.v\'_c

. .v"«‘ ;
8 membranes but abo“ﬁl‘ ']é? T 1t 1ncreases the structural orderz\ )
R T -

v

1

dlSSOlUthﬂ of grmseo?ulv1n-DMPC coprec1p1tates. As ShOwn 1n_:"“

Jiposomes 1s known to alter the1r permeab111ty Propertzes.f:*-'

Below the T cholesterol 1ncreases the f1u1d1ty of the modelfﬁﬁff°

(18).f Th;s behav1or p0551bly transferred 'h'fighef;@]h

Flgures 23 and 24 the add1t10n’ of cholestero; to DMPCfti;h

produces markedly dlfferent release patterns of gr1seofplv1nf:’

dependzng on the mole rat1o of DMPC’ and cholesterol and theh,””

total l1p1d content of thé:coprec1p1tate. The coprec£p1tateshﬂfeff

exh1b1t decreased dlssolut1on rates at early t1mes but g1ve '

N

: 1ncreased amounts drhg .vreleased after.’ 60 . m1n.§lJm

- Lol
partlcularly when cholesterol 1s present 1n relat1vel§ smalli_-.~”

fractlons. These changes could be due to the changes 1n thegf"

Py
s

P

molecular gr1seo£ulv1n.,~ At,kp.Vﬂf;}'
T T ST PR > o Ten o

5. 2 st;olutxon/of grxseofulvxn from non*solvated systems

[8

The 1ncorporat1on of 1nert carr1ers hav1ng hlgh waterf'

"hsolubnl1ty and of varg;ng molecular s1zes d1d not 1ncrease' -
./g‘ o

‘ 5]the d olut1oﬂ’ of gr15eofu1v1n fromvrcgprec1p1tates w1th"-'

rate of formatlon of 11posomes and subsequent uptake ofghwgf[

".'DMPC in’ the absence of chloroform 1n the crystal lattlce‘_‘f.",-'f' :

o 'R

'_(Table 9) ThlS suggests the 1nab111ty of these moLecules tokf“”iu

_penetrate the strong crystalllne structure of grlseofu1v1n.'

0

fThese substances were unable to modrfy the energetzc state .

| ‘iof gr15eo§ulv1n as observed wzth ,the 1ncorporatlon of DMPCJ;*S

;va'&h, the presence of \chloroform An: the crystal lattlce.'f“”



gPrev1ously most of these agents have been shown to 1ncreaseﬂ;ff~t

“fcithe d1ssolqr1on of drugs although only at high ratlos (111

'ulf114) ‘At Ehe concentratlons used in the current study these”'"'

'7~water soluble add1t1ves ‘weére’ unable to augment dxssolutlonp-“ff

tOf grlseofulv1n even 1n the presence of DMPC when chloroform;r,i,x

,was not used as the coprec1p1tat1ng solvent

Fumed s1llca offers a very large surche area to whlchi;fn5:

"fjdrug molecules can be depos1ted as ultraf1ne part1c1es (i3Y."

' ffﬁallowlng ”_ large number of contact p01nts between the,

K R

A

':ldlssolut1on medlum and the drud& The re5u1ts 1n Table 9*\

.iShow that the IDR was the hlghest from thlS system com'ﬁ

,...e.

to all the other comb1nat1ons of agents stud1ed. Howevergh"'

:ffﬁdxssolut1" 'LS much less than that -obta1ned frdm‘ D‘fcl -

'1§'coprec1p1tates. ::erseofu1v1n-s111con . d10x1de ' (1 ﬁb)

‘f're orted ’to" nave '1ncreased d1ssolutlon as” comy ared hto;.*”
P , 4

fLm1cron1zed grzseofulv1n (53). But thls s not the case’ thh’l_‘

b _'fsolvated raseofulvm whose crystals are la*tger and more':_:._

‘regular shaped but also adsorpt1on ’ th'the surfaces cotwg;ﬂ'f

d5111con dloxrge part1cles d1d not 1ncrease'§he d1spersaon of
',yDMPC and 1n turn, the dlssolutlon of grlseofu1v1n.

v 3 D1ssolutlon of Grzseofulvxn Tablets:lj,'t f? ' ,[”;ﬁfV*f

:

The dlssolut1on behav1or of doi/ge forms Pfepared from.;ff

':powders could be markedIy d1fferen”

'
AR

”,1nvolved in the1r manufacture.i

j aue to the varxous steszth

;ThlsvaiS;aanl 1mportant1 i;f

con51deratlon 1n the scale up pr_cedures before leadlng to' '

,;"an eventual dosage form.’ Thzs hypothe51s was tested by}ﬁ‘




.ilwhether ;mrt1c1e hbndlng

L e e e T e

ﬁf«;compar1ng the Performance of c65recipitétEfr9owdersk'éithif~“ i

'”gtablets."ffg'.ngj;,f[h{,;jv-,f“;,m‘ S ;;_.m,._,_
The dlssolutlon of gr1seofulv1n from tablets as shown

'-,“W1th 1ncrease finf compre551on force.. However, ffthe?.»*

'"5{d1s1ntegrat1on time»_:QaSTf;n affected all //tablets f]'HQ

"..

'7':dls1ntegtated w1th1n ! mln ) ThlS suggests a structural

'“change in- the crystal 1att1ce upon compress1on 1n wh1ch

S”;flﬂ Flgure 36,|revealed a decrease 1n the dlssolutlon rate

ﬂ'fthe coprec1p1tate powder are compresigd to form Larger

o
. 'pv

ffffpartlcles Alternatxve1¥ conpress1on has szmply fractured

the crystaf 1att1ce cau51ng the loss of chloroform and

-

';fﬁsubsequent conver§1on to ];theg. non solvated form ofe[':

3

o grzseofulv1n.f The end result would be decrease h}?="

v{effect1ve surface area and hence, d1sSolut1on. Depend1ng~on R

fe ‘.partlcle crnsh1ng is affected

"u'

‘3varlous types of response curves between dlSSOlut1on rate

'»annd compressxon force have been dlscussed by Carstensen et

‘ifgpresumably the f1ne crystall1tes of gr15eo£UIV1n present 1n f

(179). S1nce the optlmﬁm hardness of a tablet to have

‘f;dgood strength and fr1ab111ty 15 1n the range of 6. to 8 Kg,_dcjh

jthe coprec1p1tate systems 'under these cond1t1ons do not ,:1'

't o S

"affy1eld 1ncreased dlSSOlUthn rates and so the dosage form Of

,hchoace wh1ch prOV1des jthe optlmum performance 1of these

C%

“*fcoprecipltates 15 a - powder adm1n1stered for example in a

hard gelatin capsule. . ©

- . - ! - .. Vv C’ .

T

«



5 4 Agmg oi Coprecxpxtates R f'f - .-’ o
'..:A__s‘:shown 1 Flgures 29 and 30 after' agmg theg
5j‘coprec1p1tates the d1ssolutlon rate» and extent gradually -
decreased w1th t1me and at the end of 112 days reduced to v
.:{h that fofd;untreated gr1seofUIV1n."The x- ray d1ffract10n'h;}i

spectrum of the aged sample (‘112 days) was changed £rom that"

Viofu]a fresh sample and' resembled that'fof_'untreated e
grlseofu1v1n 3 (Frgure>: 31) : 1nd1cat1ng that solvated E
gr15eofulv1n had changed to ca’. non- solvated form -1n aged _
samples._A Thls , would - explaln v'thehr observedf% decreased-;;E1
dlsso}utlon after ag1ng for 112 days;_lds-”i 4 S h K
| Sol1d d;sper51on systems are - h1gh1y en@rgetlc and are
unstable in most cases (93 }13) Suqh 1nstab111ty leads to d
coarsen1ng of partxcles under a. dr1V1ng force of 1nterfac1al '
energy reduct1on. There :;Eeggaf number of: reports ) nfﬂhif
11terature that‘show»decreased dlSSOlUthn on- ag1ng for e. g.;mt}i

g tablets made from chlorpropamlde urea SOlld d1sper51ons
showed decr:ased d1ssolut10n after agxng (180) although

\

. solxd dlspersxon 41n the powder form also gave var1ab1e£5g;;

if‘ dlssolutlon results dependlng oh; the 3compos1t1on (2)

: DL W
S1m1lar1y:' the dxssolutzon rate‘ of; a phenobarb1tal urea

. system deoréased on ag1ng fo‘ - 45”(124) Aged samples

4




}*showed no ev1dence of any of the above mechanlsms.fﬁ

'fﬁ7faffect1ng the hat

J‘”{coeff1c1ent the dlffuszon layf}*

"z{same compos1t1ons “f grzseoful

\7f_re1ated to 1nherent dxfferenCes in part;cle size. -

e;':crystals a phoSphol1p1d alters the crystal structure 1n Such'f5‘

LIRS

5 5 Mechan;sm of stsolutxon

Some tof:fthe, most common7ireasonSf7forf-1ncreased ,*'j
}fdeSSOIUtIOn rates from bsolld d1spers1ons" have been the

Y

f};;f rmat1on of solld solut1on,- eutect1cs,. conver51on to an

. “"amorphous form, solub1112at110n effect by the carrler or

.')

"°f1ncreased hydroph111c1ty of the drug due to coatlng bY

vﬁipolymers. As dlscussed before the grlseofulv1n~DM¥C system

o

Accordlng tof he f11m theory of dlssolut1on factors

Q.,~ .

[

-

\ .

PR

lead to‘ desolvat1on and conver51on: to very smallyfﬂ'm

100% gsfncrease

N

b PR

s

e

in:DMPC, dlfferences nff

1‘n“surface area 1s real1zed Cheng et al.['

ﬂffThzs results iﬁ m&by reglons wh1ch nucleate separately andkf5

ﬁdof dxssolutlon 1ncLude the dszus1on?,gfrf
_h1ckness, the surface areaf"’”:‘
;htand the dlfference between the saturatxon concentratlon 1nfffif
_;%ye 'd*ffuszon. layer and the bulk solutlon concentratxon.  }3

fUnder 1dent1cal cond1t1ons of d1§§olut1on test1ng for theffhﬁﬂ

wggdzssolut1on behav1our between coprec1p1tates and phy51calvi;:*

V@?fm1xtures 'r} solvated gr15eo£u1v1n re~ probably closely:sff
;5f. It has been known that heatlng solvated grxseofuIV1nﬁf’

’§ fpart&cies of anhydrous griseofulvzn (163) and 1n the process;f'ﬁ

SR

'*7h(161) 1n a detaxled study reported that the deSolvat1onf»gf57

‘V“xprocess requ1res substantlalJreorgan1zat1on of the crystals.ffw5‘

.:thOrm small partlcles. It appears~ that 7iﬁ' COPr801pltate»..‘



'.1‘d1srupt10n because :1t 4s°*not 1nt1mately'

"ftfeffectvln the dlssolut1on prbcess. More spec1f1ca11y, xt As. i

’*ﬂ,th1s part1tlon1ng system that 1s analogops to an 1nctease 1n-fi?’

ﬁ'causé fracture-land?

K .\fz,.; :

“":spontaneous hydrat1on after%»aklngbcontact w1th wateV%d

d151ntegratxon Vupon

?,coprec1p1tates ;gwhlch"very'

e

'ﬁf'gr1se0fUIV1" were found to be released as rthe {orxglnal

a . .

nfcrystals fractured 1n the dissolut&on medlumiiWhen;physxcai

:Tg}other‘folventsr

?

;i51m11ar manner ,bpt it; dées ”i brrng about crystal

., R
EERR o

Qextent are reallzed from thOSe Systems.";;;f‘,;war-f~*

'“d?h solub1l1zat10n‘,eff.ect"mq the d1f£us1on layer,

f»surround1ng the partlclps may be exert1ng Al 7Substantial

et .'v’
r . . ‘ —_
5 T

ff,gthe rap1d, spontaneous :plspkrsaon of DMPC 'into collo1da1,

u"»aggregates of phosphol1p1d bxlayers or 11posomes 'and the g‘ff;
- ) ‘ 4 g 4 Ll
';__s1multaneous 1ncorporat1on of grlseofulvrn molecules 1n£o 7

7-,;case .of phys1eal m1xtures,, DMPC néﬁ‘{?é‘fa. su1tab1e
.phys1cal state for spontaneous dlspers1on and 1n«addlt1 n, fﬁij

: 3gr15eofu1v1n molecules must f;rst be dzssorved from the
stolld state before becomxng sequestered hy the preformed

?4"11posomes,,a process wh1ch ;tself 1s _ lat;vely slow._li

Mlcroscoplc observat1on f{qff; copreexpitate » crystals

undergo1ng d1ssolut1pn 1n waber shown Fxgure f11y T



?1'lw"ixi;ﬂQafﬂbifaffoa,5fk;*tjﬁ§?l;f”i“

A , e 5 : _ L R
'L_frevealed multltudes of long fxnger l1ke bod1es formlng at,;"v'v

L g BERES

;the crystal surfaces, groylng and extendlng outward into the';fj r

o

.-."i;d1ssolut1on'b'medlum as part'fof a rap1d dynam1c$ process of‘:’.ﬁ:"

r'“idldﬁerSion‘ Wthh may be con51dered part f};fhéff*ﬂi

'{;fﬁdlssolut1onf'process.v'A s1m1lar observatlon was made upon;':r.]

;2fexamrnatlon.of the phy51cal m1xture although 1n thlS case

o 7dis501utfon; was «not 1mproved | Although these mlcroscdplc

R '.’d

‘“{-observatlons were made vi_ 1solat1on 15 what may be’f;fi'

v'v,Vcons1dered a stat1c system 1t demonstrates a behav1or of
f_phosphol1pid sol1d dlsper51on formulat1on5 \wh1ch under3 i
”’fapQrOprlate cond1t1ons can lead to 1mproved dlssolut1on.;,.~' "

- ." . "l . .|
~The . supersaturatlon of gr1seofulv1n ﬂinm the pH 2 0:'

"_ dlssolutlon med1um follow:ng d1ssolut10 rom coprec1p1tates_.j i

jl}xcbnta1n1ng phosphol1p1d may be the result of two mechanlsms;gh
'Q‘_fof squt1on. F1rstly,‘as shown in- Figure 13 a very hzghaqff’
?ifjpartltxon coeff1c1ent ot gr1seofulv;m 1n\10w éoncentrat1ons'idf
*aﬂfof DMPC llposomes suggests that sdbstant;al seguester1ng of{tf;”
f#wzhgrlseofuIV1n m1ght occur as a result of the‘rapad d1spersal" |
: ’;of the phosphollpld 1nto 1}pdsomes at the veff early stagesl;iid

ﬂlof d1ssolut10n. e. g., at a DHPC concentrat10n of 0 01 mg‘mL_

._.a

"?étheﬁj entrapment "wa found SJTQQe;:f4L64' moles | of

ST

,,5gr19eofulv1n/mole of DNPCr<In an 1deallzed sltuatlon 100%
X - .

1lhfrelease of DMPC from 19 1, 471 or 1 5 1, (gr;seofu1v1n DMPC _;~'
o ’r ) : o .
‘V;Qmelght ratloss coprec1p1tates 1nto the dlssolut1on med1um
- 'l
RO ) 4
?jwould provrde 3 8x10"* 1 8x10" and 4. 8x10"» moles of

ngDnRQ respect1vely The amount of gr1seofulv1n wh1ch would

J:%_berassocxated w1th these quant1t1es of DEPC ”wpuld-ahev;

-



| S 163
.;ph3 9x10"‘:f‘9xf0;;;,and 5. 0x10"'moles,hrespectlvely. These:ibd'i
givalues 1n turnfcorrespond to 0 0014 0 0066 and 0 017g of
'grlseofulv1n,<respectlvely Therefore a 11% -42%,_and 107%
'1ncrease _in__thei'apparent solubxllty of grzseofu1v1n 'is~adfm
: expected from respectlve 19 1 41, and 151

5jcoprec1p1tates. However,;the 1ncreases observed were 21%

. fv26%f and 30%,grespect1vely. Th1s lack of agreement may be j'

r&attrzbuted to the followlng"(l) 1t is unllkely thatwa_100%-
“.release of the phosphollpld is obtalned in- the diSéolution

‘A,med1um sznce at the end, of the d1ssolut1on test ﬁndissoIVed”7

SN el

'partlcles Q'st1ll ?;remalned {3' (11) _the partxtlon’av'V
‘acoeff1c1ents are equ111br1um -values ‘1n contrast to the

5dynam1c condltlons dur1ng the dxssolutlon process. “These

: s could therefore cause ouer“ or under estamat1on of

”tfthe apparent solub111t1es.;Further evzdence to eupport the

ffact that gr1seofulvin ’1s associated w1th the dlspersed

phosphollpld is obta1ned from the observatlon that when the

1{ N dlssolut1on med1um after 60 m1n. ‘was centr1fuged at 40 OOO.r?

‘. ‘

.ut»VRPM“ the concentratlon of gr15eofu1v1n \1n the SUpernatant ;”ng

”;decreased Th1s 1nd1cates that’;ome of the grlseofulv1n was
hd:removed 1n the phosphollp1d pellet and theréfore,‘1t had -
.vbeen.assoc1ated thh the phosphol1p1d as small transparentie‘
"eve51c1es 1n the dlssolut1on med1um._ -.‘J' ‘ . _'dd.
T Secondly, the 1nore;se 1n solub111ty may be partlally.

: »fattrlbuted dlssolutlon ‘"fr very £1ne: partlcles

'f}descr1bed by the Kelv1n equatlon (179) glven by

- " g



"

‘T;QWhere, S is the solub111ty of a: m1croscop1c partlcle,fs;vlsffdj;j
'ﬁgﬁthe solub111ty of a macro partzcle, 7 1s the crystal solvent
':511nterfac1al tens1on M 1s the molecular we1ght,“.; 1s the

lfpart1c1e rad1us, R 1s the un1versal gas constant P 1s the

7'._den51ty of the partlcle, and T is the absolute temperature.f'f

”':f”Hence the small partlcle\\released 1nto the dlssolutlon.”'
fT; ed1um,;1n add1t1on to’prov1d1ng 1ncreased dlssolut1on could
-Efalso lead to an 1ncrease 1n the solubzllty of the drug. For
v[example, it is estlmated that a 25% decrease 1n pmrt1cle
;Afradlus 1eads to an 8% 1ncrease 1n the solub111ty of the

But the exact contrrbutlon ef th1s process to the

.

:x__;nbreaSed solub111ty could be calculatéd

; %P
'fig#"Q  o m‘_* ;_,:F,a::j_’ 1.; _ufm,l e
S B T B NIV
LT 5. 6 Selectxon of a D1ssolutxon<x1netxc Model r{; o "}3-"”'

4.

| The d1ssolutzon data obta1ned under s1nk condlt1ons

were treated to expla;n the prof1les in- terms of a sultable
“f{‘hodel The approaches trled 1ncluded a f1rst order k1net1c wdﬁ;'
:f-model (70), al'second order kxnetlc model (71) and a;]ffn
,Qpldlstrxbut1on functlon model proposed by Welbull (68) .
B As shown 1n F1gure 33 the d1ssolut1on curves plotted-

accordlng to f1rst order k1net1cs show a change 1n slope flk
'::between 23 0 jand 35 0 mln.v of'*th dlssolutlonf test.
afypTheoret1cally 1f the systems followed flrst order k;netlcs,h”

‘a s1ngle 11near curve would be expected When two 11nes

”f.gresult as shown, two apparent rate constants can be der1ved.



Coo1es

dithependlng on whlch apparent rate constant 1s used d1fferentifhgaf

flvalues of T.0 w111 be obtalned as shown\ln Table 12,.1t

-

.pi:clear from the table that there 1s a large dev1at10n bet"eenf_;fjf

if5fkthe observed and the calculated values of Tm. Therefore theyfl

fﬁsystems do not seem to follow a. 51mple f1rst order k1net1cs";1-

';-éand the assumpt1on that the‘ surface- area avallable fqu“;r

h_d1ssolutlon decreases exponenflally w1th tlme is not truej?

,for these coprec1p1tate 5YStems.,S1m11ar conclus1ons havei’if*

abeen drawn for hydrocortlsone 11p1d solldfdlspers1on systemsf

( 140).

The secbnd*order plot as shown_ in _F1gure 34 , wquj;,‘7ﬁ

7.

.

agree very well w1th the“”;m

an§5y21ng the S shaped.ﬂ
" cursgkxls ‘non~ 11nea'
o \M

-.-.?

.

vjsfcoprec1p1tate. ThlS suggests that Rhe gﬁssolutlon from these"”:

'1l1near (r>0 99 1n all cases) The calculated values of wa -

<rved values except for 1. 5 1~”“'

":1n1t1a1 t1me po1nts thei ;pdf
thev obsérved 'I‘.o falls Fiﬁf thlsfnf_li
howeverqa.ls obtalned rrom the"Fuff
xaped curve.»The second order kn§t1cfhf?

~;modélt~holds'.900d for all the formulat1ons .except ur 5 1flva -

i”;coprec1p1tates 1s not only dependent upon the surfaée area .

"”?but also on the we1ght of drug ava1lab1e for d1sSolut1on¢ﬁ”

:f;;[51m11ar results haVe been : obta1ned hjjﬁ others T’féff

fthydrocortlsone 11p1d systems (140)

shown »in F1gure 35 1t_ Can be seen that ‘thelﬁfs*:

‘f:_»treatment 'fﬁ d1ssolutxon @pta : accordxng ﬁ%. Welbullrr E

l <

fd1str1but1on functlon y1elded 11nes exh1b1t1ng an upwardff.f.



V.t

i 5 7 In vao Studxes ,?Q7*~7'

| 1»'1nd1cated 1mﬁroved b1oavailab111ty from the copreC1

curvature. These curves ca be easalY strazghtened byff,f%f
5h1ft1ng all data po1nts horxzontally by the same 1ntervarﬁif '

(69) However, th1s d1storts the or1g1na1 data..Hence,bthlshe.,.

was not carrled out.g\_

Ll Lol . o . . ) B .

The advantage of thlS dlstr1butzon functlon 15 that It:lf;]l

o 15 posslble to calculate the t1me requ1red for any percenthuvf?'

',~ of drug dlssolved by sett1ng up an aux1111ary“\)d1nate scaleiﬁjff@

on the r1ght hand 51de (Figure 35) As.. show

~

the T‘O values predlcted from th1s equatlon agree very well””

.\

w1th the value obtalned _exper1mentally w1th negllglble.uif-
dev1at1on., However, the observed and caldulated @,hms of sz.:._:.v:“;.».f

"';fdo,fho: agree' very {well f These results 1nd1cate ythefzdLﬁ

appllcab1l1ty of the We1bull d1str1butlon functlon for allyu::e

formulatlons stud1ed dur1ng Rhe 1n1t1al perxod of he;T

dxssolut}on test.‘Dev1atlon from Welbull dxstr1butxon occursj5f““

at later t1mes.'7'7

The comparlsons of m1cron1zed grxseofu1v1n,< s¢IVatéa}1~ o
grlseofu1v1n, grlseofulv1n DMPC (19 1 4 1) coprec1p1tatesnﬂﬂ;f

"admrnxstered orally as aqueous suspen51ons to rats clearlyfff

The sharp xncrease 1n C,hr values obtalned iM

\-

.coprecxpltates corresponds to the rapld dlssolut1on observedl:”'“
ﬁrom t2§. phospholxpld conta1n1ng formulatxons.“;A small;%»
fractlon of the level observed was probably a result of drug;f5

dxssolv1ng 1n the aqueous suspensxon medxum Just prxor to o

S

R .\.d- oy; b S e ﬁ'ﬂ'&%n o ““"5" B

in Table 14,2_Tf;:



"fothe rat',g'qﬁ,UJV'.

Jﬂl*concentrat1on levels obtalned Cmn. Ln our studxes the -t

' gadmxnlstrat1on (<30 ,seconds).; However, _thefa}f~:

‘ifffd1ssolut1on of grlseofulv1n 1n the £1u1ds of the GI tract offqﬁ.

r_ s

The tlme to reach the maxxmum blood concentrat1ons fﬂf“" '

'”*7@15 : functlon ,6f”fthé' rate ;of’ absorpt:on ﬁed{'the]-'"

4?':was the hzghest for solvated grzseofu1v1n and lowest ;forh7
'#untreated mxcronlzed drug p0551b1y because of the larger"h V

H7fe£fect1ve surface area of the latter be1ng ekposed to the,ﬁe

'ﬂ;o gastrlc flu1ds (Table 17) :The-;;c h

var fﬁom ‘ untreatedvn.f

.ﬂJgtlSéOfUlVln compares well w1th the value fepOFted by Others_;fa'

f(133). However,} sl1ghtly h1gher levels were obtazned by;n:j"

"fﬁmaml et al.. (99) Th1s lack of agreement is most lxkeay“'

A

'ﬂ' adue to dlfferences in partxcle s1ze d1str1but10n. They aﬁso?'

“?fﬁghnd vs1gn1f1cant d1£ference inf7cnﬁ' when untreftedd“'f‘

Egriseofulvzn was adm1n1stered.v1th or w1thout a surfactantj””

/

f1n the aqueous suspen51on. The longer t ax obta1ned fnom‘thef,

'f'coprec1p1tates arlses because r,f more drug go;ng 1ntoi"

£l e

'i’solutxon and thus, 1t takes more t1me tb reach p ak bioodg‘.”

 1evels.:3

The AUC of untreated and solvateijgrlseofulvmn were not;:”"

P

N
':f51gn1f1cant1y dlfferent although the value °f the latter was'»;_‘
- jh1gh£r (Table 18) Szm1lar values have been reported bvfff

h*others (132) However the results do not agreezy1th thoset"'

"%

1n\_obta1ned by Bates et al (43) who observed a Statxsticallyv .

7,}d1£ferent% gncreége n the b1oava11ab111ty: from solvated.h.f



e

'-rat;o-'of- 100~e

"1Féii et (/a),¥ (182) : whlch,en

”*._{xumans} Thas ’lack -

i,

"obtalned from untreated or solvated grrseofulvun. Unt11 nowfj"*a

’.

1ncrea5ed b10ava11ab111ty has only been demonstrated fIOmnﬁfff
| 5011d dlsper51ons contaln1ng much h1gher amounts of carr1er;ff5iﬁ”
For 1nstance, gr1seofUIV1n carr;er ratlo of 1.J0 as pbservedf};f;i
w1th PEG 6000 (5) ground mlxtére w1th m1crocrystall1ne{jiydf

d{ cellulose (42)) surface deposzted o’ spray dr1ed whey orjfL3

K

rcol—lmdal 5111con d1ox1de (53) An exceptlon to thIS s thefr},,

™~

;also y1e1ded ~i;ncreased“'

b10ava1lab111t“ﬁor gr1seofu1v1n. ;f;fjvl~ng

‘-i{Thd adm1n1'trat1on:5,f’ solvated gr1seofulv1n %asq;af,'

phy51ca1 mlxture wlth DMPC d1d notr exhrblt flncreas!d'fﬁ'“

CH a . Al

bloavallablllty but thlS to be eXpected from 'thel"'d'

Ny

'dlssolutmn smdles. The C,m and AUC were both 91m1lar to_‘

. : ’ : "..'_"“
4r;the values obta1ned after the ~adm1n1strat10n of solvatedq.-

'ggggr1seofulv1n.,ﬁd5“ t:ﬁ'c f;ﬁ ‘, . f '71”“,‘] : ;

to. specula

Ve

bloavallabxilty observed from coprecxpxtates 1s nog only due‘e,'"

¢,

1¢¢«to rapld dtssolutlon and a f1ne part1cle s1ze but also dueegu

A .

uszng‘ hydroxypropyl celfulose reported byd?”

that *the 1mprovedc,7”f'

'ln part to transport of l1posome entrapped drug across theff}'



1mprow1ng the‘bioevailabllzty of gr1seofu1v1n';es promlse.é f;g

Unaer approprlate cond1t10ns bxoavallabllltyy1mprovement 1s :}ﬂ

'%Eﬁf@vabre‘as a rESult of rapld d1ssolut10n“and 1ncreased

i

amount of drug

ﬂﬁ1 solutlonL_US1ng phosphollplds,,both of

these parameters can be altered and controlled to some

. extent 1n order to obtaln the de$1red reSults.fwg;,

- i \’\». el ’ v_.,

s, 8 xn V:tro - In_vao“Correlat1onsf

TUow

Generally, ‘t

IR

¢Such as ”lfa'f‘iiJ_f;;ﬁf'
‘uor.Q*fl'

where b 1s the slope.,ﬁ *ff}fl’?“'*f‘ifu ‘ﬂ‘;5;'1" S e

In Rank Order correlatlon the lp vivo var1l?le_Xy):mayff1o;

\how 3° sd1fierent types of relatlonsh1ps wzth f__‘;'trdjqf{f

var1able (x) ?namely ) 1ncreasetw1th 1ncrease ‘in x
. . _' ,.,. A ‘. o
décrease v1th qncrease 1n$x or 3) 1ncrease WIth decrease 1n B

- e te .‘ b‘ -

EREE BN U ",.~_; K ",'3' " : : co v . - 'L_ " T
: R R S S IEE IR LT N R DA



'"?f"-‘v_f_a) in. wtr'o pa_rameters

.\.

'-'.'."f":ml“' (185;‘:: amount ,_-d-xssolvea in, x30 m1n. (187 18-8')""?'-"'”*’

percent d.1 ssolved 1n 30 m:n. . - _._-6'0

i"."'fstatlstrcal moment functlons (189), t1me taken for 16% off'}’_,'_"::-“'*.

”g‘fthe drug to dlsSlee (190) dlssolutlon rate constant (192)

SEDRARI . . G
,_‘“_b.;),f In vivo parameters- “-C' (186 '188‘):,. AUC (85) percent e

e "fdose absorbed 1n one hour,fas1x hours ’(

v

m/z (190) ”‘"’f- SR
| The tme for /50% ;of the drug to d1sso ve in vItPo 15
";i fﬁ.‘_probably the best/vanable—t‘& be correlated smce 1ts value |

_'"-mdlcates the central tendency of the dlssolutmn data as
“""'-_..-:;-v'suggested by. Wagner (193) Th1s has been used by others
~",>.'~}_(194 191) A more meanmgful parameter wh1ch cons1ders the
"i‘_ent1re dlssolutton prof11e 1s the D1ssolut10n Ef£1c1ency
‘_}’(DE) suggeste& by Khan (195) The concept 1s log1cal 1n the

sense\that smce drug avazlablllty in vivo 1s estlmated by

M85), 10% AUC - (191) " < -

"‘".-'__"vjmtegrat1ng the AUC ':‘1t 1s preferable to express the in

:,:vftr'cb results 1n the same .'f\ner. It is defxned as "the area |

. \-<‘

under t,_, dlssolutmn curve up to _f"-_a certaln t1me t,

e

expressed as a percent‘age of the area of. the‘revc_tangl;_e,,ﬂ-_"-'<'_.

descrlbed by 100% dlssolutzon _i'n"{'- th\e,’_j'_:-_s..ame;',.:'t;_i_fme_?"f.'

Q Mathemat1cally, thls 1s glVen by



'ﬂﬁ;,wvere,, 1isg§th

dlssolved at a glven t1me t, and Ymof

Sy

xS

dasSolved 1n t1me t.~f'” ST -
As shown 1n Table 8 the AUC C_;,,, and C,h,‘

afterf

s1gn1f1¢antly d1fferent from those of solvated grlseozulv1n

v‘h

Tbls is. 1n good agreement w1th,the results obtalneé from rn

vltno dlssolut1on test unaer both sxnk and non 51n

cond1t1ons,‘_wh1ch also showeg tu> s1gn1f1cant 'dlfferences

between the two formulat1ons (;xcept at 30 m1n.;

Q‘ - “ &\\

R 51nk condltxon) ,ﬂgwever, a/rank

be seen 1 e., the d1ssolut;on ra fof solvated gr1seofulv1n

was always lower than that of untreated grlseofulv1n at all

afth' dose ffof untreated grxseofulv1n :ﬂareliiuf. -

'rder correlatzon could not'

under non 'fﬂ¥7

the three t1me po1nts testeq Therefore,.lower values of the_jtf&.

In vlvo parameters - AUC C“i,,and C,,,r would be expected RN

-

from solvated gr1seofu1v,p However, the reversg_was found.ifﬁ?@*

Thrs devxabnon could be'due to the follow1ng reasons.,l:
" been ' reported that
- gr1seofulv1n 1n 0 1 N HCl at pH 1. 3 1s less than that‘of

t' d1ssolutlon of rthéﬁisolvated

B

l‘

!

soluBle*' also d1ssolves at a faster. rate than the

uutreated form 1n a dlSSDlUthﬂ medlum ¢onta1nxng 20 mM

' e

sodlum deoxycholate at pH 7 5 (85) Th1s suggests that

317 untreated griseofulvxn.yﬂowever, the 501vated form 1s more

solvated gr1seofu1v1n dxssolves at ‘a much faster.rate in- thethnvﬁ*

small 1ntest1ne ] where L b11e "and} other | phy51olog1ca1




*ijﬁgrlseofulvxn

7ffTherefore,j'”“:

f-but the rank orde& was the same Such a dev1a ;on may be dueuj o

.S;tdf“d' hlgh '1nter—an1mal varxab111ty whxch OVershadows;f;;f'
'd1fferences between the two formulatlons.’ Also, a hxgher”"
'b?dlfference ln vftﬂo may be requ:red 1n order to observe a}ff

“

591gn1f1cant dlfference in vivo._dﬂfh: | _ | |
- Three ‘in’ vitno parame;%ng each from dxssolutlon rate;f!ff

' fdeterm1nat10ns under 51nky and non s1nk cond1t1ons weref_~'

| '_tested for correlat1on wltﬁ hree ln VIVO parameters-7AUCaV~ff”

~
~a

rameters selected under s1nk,g"?,



""';The resdlts ;n 'rable 21 1nd1cate ,that all of the three

-"'f,ff,ln Vltr‘o parameters under smk condxtxons correlate nth'-'__j}»i.',_"i.,

cm,vuth ‘a. correlation coefhment,: ,:of->0 99 ‘in, all-

”“7'3-.;}'parameters was sl1ghtly lower

. 'fcases. 'I‘he correlatxon of AUC and Cm ynth each o£ In virno:'{f'x;t""."""“

f».r, bemg 1n the range of 0 95

to 0. 96. The results 1nd1'cate that DE% 91"?5“ 3 5119ht1¥:-;_,;'5

lover correlatmn : m all . cases,, presumlply due to more?;ifir:‘._{."_

: ',:;f:’,l.strlngent cond1txons of 1ts calculatmn based on the ent1rex

""-.‘}predmt the In vivo b1oava1lab111ty qu1te closely. A

M -

"".'.»'._f_.'dlssolut1on prof1le. However, D,o,'{'_ and Dso \\thch are just‘.,:_":{'"_;-,‘jfj";

-'v"f'-'one point determnatmns on the dzssolutlon profxle also_f"

Smularly,:‘ under non smk cond1t1ons of d1ssolut1on,;"?t,,_”_ff"

D and D60 values correlate w1th all the three fn vivo

’__".:'paraﬁleters. But the IDR does not show a good correlatmn}i" B

T N

| "'.'_‘;._.jwlth C and AUC but shows good correlat1on wlth C,mr 'I‘he_'.l‘

e
' ~

"'v"results are shown m Table 2? Thus,_ rap1d dxssolut1on of”‘.‘s,

: .':"3



'.'~\.

p‘%ntreated grafeofulvrh

andv4;

"-ratlos.,-“




_i t‘ff."o‘ Pa rameters “+'Dissolution i_,.\Un'd.e-'r o

=

N

he amoumt iiir soloed rn 30 mm.»




at1on Analysxs Qf in v'vo Parameters Vlth m vItr‘o:-‘.:b;‘,--f,f‘,

mv;tr*o _ﬁ_f'd:,;'b,'_";;‘.l._ff_i;__+'7';f__,_;3_;f. .«_.;..._:.f'_’__-".».'l_..‘_.';._"_.‘__‘f’..‘.v_‘_-_‘_ '

Db o 9972;-_."”:.,',_"5- 2 '{‘0 9560 0.9584
DE% B Q,.9.94_7 RN ' '0 .‘94,919" e 09505

'In V1vo parameters were taken from Table 17

\Al-Lvalues are 51gn1f1cant at p 0&05
'»'.gormulatlons 1 4 as lyﬁted 1n Table 19



Analysxs of in vivo Parameters w1th in vitno

"".’_'5'»'-:_‘-"Parnmeters of (Gnseofulvm D1ssolut10n under Non Smk (

’*i»f-‘f:-':'Condltmns for Four Form,ulatxonst B - S :.:54_?"/

‘i In'vivo'parameters: -

Hant o 9899 ° 9325 "5"‘; . ousaoe.
_'.‘i._i.?».r:';_-',f:f,;;to 9608 ;"'0 8669' L o 9130'

"""In vao Values are taken from 'rable 17

","'Except these all values are s1gn1flcant. at P'O 05




resultsv

'ifh dlSSdlutlon urate of;:




determ1ned us1ng

| *_In vlve-absorptxon parameters were correlated wzth in vitce*

dxssolutxen parameters.- Basedfvef these stud1es‘ 1@”795533:5;

possxble to draw the followxng conclusxons.,e;gffﬂﬁfeQEffﬂﬁ4?fﬁiik

'Aﬁ 51gn1f1cant 1ncrease 1n the d1ssolut10n rstd' and
(.

; f»extent was observed from the coprecipxtates as compared

m1xtures._«f h'%‘f”__“af"ﬁf}gf.7_7 '~“' ‘:;iiie-ﬂ~=+

L =

3;7 2 ‘The?81Ssolutlon of grlseofulvxn was dependent Up

‘ *everage partlcle szze of the coprec1p1tates.tfev

1*7ff3,ffThe dlssqlut1on of gr1seofulv1n coprec1p1tate conta1n1ng

to mxcron1zed or 501vated .gr1seofu1v1n or phy51cal

the '

.fa {mall fractmn of DMPC 4grzse°£ulv1n DMPC 19 ” was ds



‘"5fPart1t10n coefflczent

'?” ; %4000 coprec1p1tates at a 4 1 ratxo d1d not._

» .

"".f*:The» 1nclus1on of; vat1dus water soluble=-agtnts

5f.comb1na€10n wzth?DMPC and pon-solvated gr15eofulv1n d1d

S S ""'.”v" °,- .ﬁ :.. N -"’f,_.-_:;
' ﬂ:not 1mprove the dlssolutron of grlseofu1v1n.=«”' e

"7; 1i{hThe exxstence of grxseofulvxn in the solvateé state ués
b —eé%ent}al 1n oSder to obtéin 1ﬁ2reasea”d1ssolut1on from |
"fzfco;.reclpuates with. DMPC " oy ’
12;5Phosphol1p1ds\»1n a l1qu1df¢rysta111ne rstate at 37°C”7hiﬁz

exerted a more pronounced 1ncrease 1n dlssolutxon of



S -' v' : ‘ [ "-) . 181 . ‘-

DR S
.\ .

ﬂfbkfsted in. the 991 5‘53'“3~r-_-'v_"v:?"L y.?-“ g

f;Incorporation of CHOL 1n the 11p1d phase w1th DMPC .fﬁg
.jﬁshowed that desplte slower 1n1t1a1 dlssolut1on h1gher-;2lmt
'fﬁiamounts uere fn solutlon after 60 m1n. as compared toz:
f';gi?systems fcontaxnlng only DM;? ::idh 11p1d phase.
""a.fnepend1ng <n1 the aCHOL. content these systems exh1b1ted j:ts'

'ffffcontrolled drug dellverY 'ﬂf

'ffljﬁL?The d1ssolut1on beh viors of coprec1pltates conta1n1ngfaﬁ

;;gp051t1vely or negaﬂlvely charged l;plds were s1m11ar tollf‘“t

Y o

*7;7ﬂjffthat °f Copf961p1t tes conta1n1ng only DMPC-:;iTGlj

*:fﬁé}iwhe klnetxcs}of d1,solu_1on under S1nk coﬁd1t1ons was -
z“fpadequately descr1bed bf. second order k1net1cs or the ;f}

Jv;i€QWe1bufl dlstr1but1on funct1on wiyt the except1on of the :ifft

e’gr1seofulv1n DMPC 1 5 1 fwelght rat1o) coprec1p1tate.

J‘¥51&.§In Vivo oral absorptlom studles gave s1gn1f1Camt1y-w5

m,,‘fo.r grlseofuIV1n,

”“;Tgreater values of AUC TGy mq and c

' u,v coprec1p1tates than_; fpr solvated \for; non solvated:;f

e

grzseofulv;n or phy51ca1 mlxture.»¢ }jg]?gig?
'3'v17Q Slgnlfacant correlatlon was obtalned between- in. VftfaiL

'fa_ in' vrvo parameters conflrmlng fthe dlSSOlUtl

'7Q,§'s. rate 11m1ted absonpt1on of grlseofuIV1n.

» . . . _‘.?

18 Coprec1p1tates performed better in- the powder form than
1n the tablet form suggestlng casule as belng a su1table‘d' -

ddsage form 1n case of eventual formulatlon..'

R

19 The dlssolutlon }of hydrocortlsone ' acetate'DMPC f_;{

, coprec1p1tates 1n the solvated state w1th DMF was also n,tﬁ



’7if1ncreased compar1son
‘ff<;acetate,_ﬁh‘"'~*'-"” - e
o : 20.

’veshers ‘in a copreclpltate of a solvated drug has theﬁ

"_;bloava1lab111ty However, l1k any 5011d dzsper51on9 of”ﬂi_fﬂ

~f drugs processlng and aglng reduces the effect1Veness of];er‘

‘The use of 11p1d1c molecules Juch as leczth1n or. fatty

'potentlal j'eff; 1mprov1ng " 1ts R dzssolutlon Qeﬁd
. - e . .

vy

s )

"'Ethese systems and therefore »they should be freshly,':

| fpgepared

~ .
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