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J'.uii'f Sulfisoxazole,jsulfamethoxezole, and methisazone'

7: were selected as sparingly water‘soluble drugs;_ Solld ”t{:ﬁli’,f

L dispersiona of these drugs in urea and polyvinylpyrrolxdone -
S'Efi,l/ were prepered.. To chatacterize the solid dispersions S
2 fomed.'. .ph“e diﬁsrams were constructed from thermal B T
alysis dete obtaineo on evaporated MiXturea.' It.was fiol:gf,f;g;;t;

found that urea\\orms incongruent or peritectiﬂpconplexesf?e.E_Q .

with sulfisoxezole and methisezone. To confirm complex a

SR formetion, equilibrium solubility studxes ‘were canducted.fﬁfﬁl':
ffe:J:%?J ‘=Based on the solubility data, the assooiat&on equilibriumfii;ﬂ}:?Q

‘\\\_ constants, free energy changes, heats of fo:mation, and

_fifﬁdﬁuili entropy changes were determined.; Stoichiometric ratios 97’“"tw

were calculeted for the complekas.} Dissolutlon rate

studles of the pure drugs, physical mixtures,}and solid
dispersions were conducted_by;the rotating-baeket and

in the dissolutidn rateb of‘the testépreparations.'4The

f studies revealed that the dissolution rate of methieezone

is e diffuaion~centrol\\ﬁ process and is*dependent ‘on’ the'iffij{%



5olid dmspet81ons were compared by eStlmating the rate:;j°‘i' ;

and extent of absorptlon 1n rats baser on the<evaluat10n]}ﬂf

"7flof blood 1evels and urinary excretaon data. .Signiflcant:ﬁ””i‘v

33[jdxfferences were f0und in the b;oavailabilities of the

'vfgtest preparations.a Some pharmacoklnetic parameters of

'”ﬂ,ﬂsulfisoxazole and sulfamethoxazole were. determxned It“t;_f_f;{”""“

[was found that these drugs exhlbited dose-independent Jl»
. . - _' e ,‘ Q‘h»v" .
~kinetics. 15._:ff;:--' *"_3-; A :
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'more than one dosage form, depending to‘a great extent

“Vn'fupon the routes of administration by which these drugs cang'

:fsorption is rate-limited by the dissolution process, the

'v“f*;tincrease in specific surface area of drug exposed to a

1&g-complete drug absorption;*“The delivery rate“and the amount ft‘l
u.of drug deliveredufrom a solid dosage form can be regulated _Jhaiiﬂ
‘i'f_guby controlling the particle 31ze of the drug.. The effect ‘v;-/}i
ﬁf of particle size on dissolution and bioavailability of | )

'*~;jhas a mhrked effeEE on the bioavailability., .

. iu.monucm_g TR

§TORICAL BACKGROUND " - e

‘”ﬁ Pharmaceutical drugs uiually can be presented 1n

s

‘kbe given conveniently w1th maximum therapeutic'efficacy.,fid?
ff‘“gSome ‘of the critical factors that can influence biOlOgicalLft?iﬂn
.h?availability of ;iaringly water—soluble drugs are-b particle ;f} s
:.fsize and physical state of the drug, dissolution rate of h
’”l'the drug from the solid dosage form, and interaction between E

fsthe drug and pharmacologically inert adjuvants., Levy (l) |

.';;"has emphasized the fact that in instances where drug ab-.v‘ff

dissolution environment can result in more rapid and more

uu'drugs has been reviewed by Fincher (2). Miller andg ..'i i_
- Fincher (3) have shown that particle size of a phenobarbital &

ﬂfvsuspension, fQIIOWing an intramuscular injecthbn in dogs, :

h R ‘

Numerous attempts have be 4&de in the past to

—_ l_i\_.\-_,_;; L

"?theVEIOP new techniques to ach ve particle size reduction'

’ “'fjas*a means of enhancing bioavailability.‘ Sekiguchi et al.:( l«fi"

el



”f;ff;;/

y”f»5tion of both sulﬁathiazole and chloraMPheni-COl ‘” the v
';Q'colloidal rdngs through SGlld dispersion techniquee resulted

'°elin faeter in v1tro dissolution rdtes and consequently in
pi:approach has been successfully applxgd by others t° the~ AR
“"7ffoformu1ation of fast—release dosage forms containing water-i?

””5]§insolub1e drugs (7-24) The scope of solid\ﬂiﬁpersion :;:%fa

: 1(16)._ According to Noyes and Whitney,

‘:z-introduced a novel technique for achxeving particle.size

neduction of the antiﬂunqal agent:hriseofulvin:by a solvation_

and deSolvatton method using chloroform., It %as demonstrataﬁf

by Sekiguchi and co-WOrkers (5 6) that particlo eize reduci ,[

'.l .

| ;?ﬁrapid.and complete in vivo absorption. The solid dispersion l:ﬁf-f

""Lfsystems has been thoroughly reviewed by Ch;ou and Riegelman

:i;;_stze‘or;by increasing the saturation solubility of’the drugfi;fiii;

: e;,,The sOlubility, a physioocheﬁical progerty, can be related

':‘f*The amorphous form of the df%glis usually‘more soluble than
ﬂ;;ja;the cryetalline form._ Mullins and Macek (26), using amorphous

'ﬁ}fflwhereas the,crystalline form was nota

ffiio the physical'form of the drug.- For example, a. drug may

;_”occur either in a crystalline form or in an amo:phous form'xutH"J“

Ly

;":3fiand crystalline forms of nqwobiocin, demonstrated that the

S e - S
'*Ef;:amorphous formtwae readily sblubl_%and therapeutically active

vs::me di'ugs have a SR

,i available in;two dﬁstinct ‘orms fanhydrous and trihydrate.;-



f'f_;Poole et al..(27 zjf'

.fﬂ;i¥t is posslble for the crystallxne drug to eXISttinimbre‘

.;f;;effwi}than one crystal form., The dlfferentlcrystal fOrms.(calleq :
| ~t-POIYmorphs) °f a drug differ 1n thelr.solubillty character-ﬁif;'ﬁt
_.tieulsths.e The mehﬁatable Crystal form uf a drug generally ;S;.- e
o ;:zgshows higher solubillty than the thermodynamiealf; Stable

N J.‘h!crystal fé!m of the same drug.n nguch; et 31.1(29) have
“)),:g{;i;;shown that the metastable polymorph of methylprednlsolone Ls |
. % ”ﬁlapproximately 80% more soluble than the stable p°1ymorph ”;af;;

Qfat room temperature.A thle 1nvestlgat1ng the effect of the

fifpolymorphic state on the absorptlon of chloramphenicol N

[ Tlﬁfrom chlorampﬁanicol palmltate, Aguiar et al. (30) were :j:i‘

jef;i§?fiikable tQ Show that the absogptxoh of the metastable polY'”:y
,‘[ﬁfefmorph of chlorampheﬁicol palmltatirwas greater than the ab;

,jserptlon of the stable Polymorph.lk:ftﬁt,ff

g

It has been report%d (31 37) that complex formation in _'ﬂvf

“3~?Pbarmaceutical Preparations maY 13&5 t° either a decreaseff;;f};:
:(for an’ increase 1n the solubility of the‘drugs.‘ The f°‘mat1°nif7f

'f{fof a water-insoluble complex with a loW‘dissoeiation canstantf;iﬂ

‘ji;would slow aown'the dissolution rate and delﬁ?"hbsoxptipn,_‘

ﬁater-soluﬁ

 $1?*c°“Ver991Y. he»formation of _

_allow association“cozftant would enhance dissolution and ”?ttf




be overlooked. .

Sulflsoxazole. N~I (3 '4 dimethg‘l 5~isoxazolyl) sulfam.l-

amlde, melts at about 196 C with decomposxtioh and exlsts

- and exists in threeﬂpolymorphic forms;(38).ffMethisazone,fffgfofh
o N'methyl~isatln B—thiosemlcarbazone melts ‘at- about 250 c:;;%‘?m

e with decompositzon, and.occurs as an orange-yellow pewdefgf};fff

(39) The pharmacokinetlc profiles of sulfisoxazole (40)

'"“5Yﬂ and sulfamethoxazole (41) have been reported._ Reports on

the pharmacoklnetic studies of”oethisazone are 1ack1nq._,,Q{.” 3
Although studies on the effects of partléle size (42) and
_ surface—activa agents (43) on gastr01ntest1nal and req;al
" absorption of sulfiSoxazole have been reported in the‘ffvffgiﬁaﬂf
.oliterature,,there is none pertaining to the assessment of :;3}f5

i,solid diepersion systems conta:n’ng sulfisoxazole sulfamethox—_

' azole, qr methisazone.



RS fpreperation and characterization of 9olid dispersions of

i '*;sparingly water-soluble drugs. The study was also desxgnediffi"

The objectlves of the present study included the sif;fffl

?,to determine the usefulness of solid dispersion systems 1n fi:f“? &

| 'fflthe e\qancement of both the dlssolution rate and blolOgical‘n'?;fi*

r‘favailabllity of such drugs.,..7'”ﬁ“

. f\,?:'udvjsfu~t M

Three relatively water—znsoluble drugs were selected

:Vﬁpr this investigation.. Sulfisoxazole Bulfamethoxazole,,f;fj°'

}e[;and methisazone were selected ‘on’ the basis of their limitedﬁf

75?gaqueous solubility, their hydrophobxclty, and the1r rela-'n

etively high melting points. Selection of these drugs was

L;further influenced by the fact that no,reference to bio-a f-~"

ﬂ;fphermac;htical evaluation of solid dispersions containing ,
:ifthese drugs could be found in the Iiterature.. POlYVinyl'sfPJ

”f pyrrolidone and urea were chosen as‘weter—soluble carrlers;ﬁl

'}fon ;he basis of their general acceptance as sefe and non-af_f,fwc'“

g;,_toxiq mnterials.;g;hfj;_wg _;“,f'» "g’“ L _
. . o .,,.,.,,,.‘_,A.,_.. L : et ) 7
A suitable analytical procedurleor the determinatxonl

” ‘3of sulfisoxazole and sulfame_‘oxazole in hiolqgicq} fluxds

23;was readily aVailable in the  ratton~Harsha11 method.u,onv"

- "":ff_'-'the other hwd a suitable assay p:ocedute for methi.sazonef SR .

535could not be located in the literature.' For that reason, _
'Jf*it became necessary to develop a msthod for the determinat;on

'”ﬁiof methisazone levels in biolooical fluids.ﬂh,lf“fkif*ﬁ 7”5”
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A pomomxsu

L Polymorphism is the ability of a crystalline drug to

- exist in more than one crystal form. The polymorphs can ];,:E

\

differ in physicochemical properties such as solubility, ,;A
melting point density, x-ray diffraction pattern, 1nfrared
spectra, and differential thermal analysis thermograms

Two polymorphs will have different crystal lattices, and

' Wlll exhibit different optical crystallographic properties '

S

| "aj .vih'ether_,_gthe";_velccityr cf{. the_ Iight.- -t‘raﬁéiiitted throughf"th” P

by due to a marked difference in space—lattice arrangements

of their cryptal structurea. ,Different polymorphs of a drug

may be classified a8’ isot gic or‘anisotrqpic depending evé‘:_;ﬂ

crystal is the same in all directions ar different—in 7

different directions. The subject of optical crystal

it is referred to as notroEic.» When the'
place from'metastable to thermodynamically stable form, the

highest melting point_iﬂi R E I

‘-Q-If the rate of absorption of a sparingly soluble drug

: 'f /from a solid doaage form is dissolution—rate dependent, the ]5jf€ﬂ

Qriion takee



-‘ . _,._the W-‘tastable state. 1t sometimes becomes ra;t.her diff;c\f:it
"."';\.51:0 obtain solubility data, particularly fox.‘ rapidly r“'erting--l-;

.',"v,"v“:;__,polymorphic states. | With this in mind, m.losovich (46) G
"""'-"_'»_:v,f.i_developed a rapid metho& fo:: the detemination of th solu-"-'«"-

_'_‘bility of m“tastable forms of dmga in E ‘:rder to uuuta

U ,' and entropy nalebliana and ncCrone (47
' 1"literatuze pertaini ‘to the phamaoeutical applications of,f

solubi li.ty ¥ dissolut

(29 30. 45). It is well kn ixat 80

‘Olymorphic form. _ ‘In view of the:msica]. in"'tabihty

l - thermodynuu.c Pr@mie’ !“ch as heas-f» ofiﬁolution enthalpy. b

! ave' revi.ewed the o,




components.} These components _'crystallize simultaneous‘l :







 :¥gstatewv._

”;ﬁljf{glass sglution fcrm.was aster than that of

"“ff?dlsperséd in_lﬁ

‘fbjffc THEOR! OF DIBSOLUTION IN A NON-RBACTIVE:MEDIU" :

Lo %

'::Ve’principleyof glaaa solutionlformgt on

”*'Polyvinylpyrr°lia°ne'Ldiss°1ved

zvqfikjfundergoes a transition t” axg1a35Y Jd,§ﬁ
It was shown (13)_

evaporation of the solvent”.~

,.,ithat the dissolution—xate of qriseofulgﬁn diabersed in a

t$e same drug:ﬂx E

'“solid solutioanorm:ﬁ 7f

;‘{soiute molecules’?rom the‘suxfags,of the dissolving sol‘dytdﬁf

“ ffgfthe hulk so ution. Two,]:ansport models that c&n beat de-?:nﬂ;~f;f

f;scribe the dissalution grdcass7”
"uodel. Ln';fp) niffuaion uodel.

In;the°case:ff:the former. iﬁb“v"
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T 'activated in order to cross the energy barrier before.f‘

-

'diffusing into the bulk solution, the dissolution process o

.~ can srmply be described by consecutzve transport processes

.:.,'

”,f@inVOIVing energy changes at tgrdinterface folldbéﬂ by o

,ﬁdiffuszon away from the interface. From a dissolution -
S

”kinetics standpoint, either of the consecutive reactions cany'
"hbe a rate—determin;ng step, dependlng on which one. is- sldwer.f-
ﬁHowever, if both are of the same order of magnitude the

i_;over-all dissdﬁution rate will be a function of botp_proceSSes.i-ﬂ

'uli;v Review of Dissolution Kinetics\'jr

o f ~.

o -

‘h:f /o Constant Surface Area Concegg '55

‘Acoording to the cla331c Noyes and Whitney law (25),,

'::the rate of dissolution of soléds, QE, is directly proportional{
" e : atc. : :

Lifto the difference between tHe conceﬂtration of the saturated 5
splution of the solid Cs' at the experimentai temperature

‘ﬁ and the concentration of the solid in the dissolution medium,h I

. ‘o,,;l

B ‘Y . .'ﬁ

Ctp at any given time t' T L a |
= .‘." ;/ . . . ._‘.‘, - o ‘..‘
v where k- is the apparent dis§olution rate constant with
dimension l/timeoz The derivation of the Noyes and Whltney fVAa

differsntial equationﬂis based onvthé assumptions that (a)

the dissolution of the solid is a diffusion-controlled

o 7

Lprocess and (b) the surface area of the exposed solid changesf5~"

negligibly with"time during dissoluflon nrocess.: The ap-1:~

- parentjrate constant k, is dependent upon the surface area R



of the exposed solld the 1ntensrty of agltation, tﬂe tem—

'perature and the structure of the surface. Assuming that

' j‘;_the dlssolutlon rate uﬁder well-defxned cond1t10ns of tem-

'”f;f rate constant K, is‘indeh‘ndent of’these factors. =

-

:.7perature and agltation is proportional to the surface area,
ey equatlon l, accordlng to Noyes and Whltney (25) and
Bruner and Tolloczko (55), could well be‘Writteg:as~ “: 3
&€ ks ¢ -c1 -(-Eq_.v 1.1
i fi" "‘ .
fwhere K is. the 1ntr1nsﬁé dlssolutlon rate constant.a'usiné‘*7
B Flck's law of dlffu31on, Brunner (56) showed that equatlon
1.1 can more expllcltly be expressed as: 3f7T"d"‘*
o e pe i T
o ,.'“—=f—=-lcs' -cd .. (Eq, L2)
_where D is the dlffusion coefficient S is the area of the
;,exposed surface, h is the thickness of diffusion layer,.and

A V 1s the volume of dlssolution medium. From equatlons l,

hl 1, 1. 2» 1t is ev;dent that°-rvq: o N
k = KS==P—S— TERT (Eq. 2) .

2

' Therefore) when K = H' we have the following relatié#;hlp-;t'“

where K ’yom.’/time cm.' and therefore, has dlmensions of?
e length/txme.. Nogami et al.'(57) have shown that the rate |
'f‘constant, k, is"ependent upon both the surface area, S, .Lf:ff

and the volume of disqolution medium, whereas the lntrinsic ;~'

a@f T



Variable Surface Area Conceggu l;;;f{‘,,t

_'Qi Considering those situations where the surface

;in area of the dlSSOlVlng solid could be constantly changrng,‘ fific;!i
d: HixSon and Crowell (58) derived their 'cube root law" based |
ii:{;{; ‘on the assuﬁﬁtions that- q.) dissolution takes place normal

to the surface _lf

]  301ving solid, (b) there is no

stagnation of the 11“‘" (c) the agitation effect is the

-'same on all areas Q'-,zl é&posed surface, and Gd) the

diSSOIVIng solid remains 1ntact during dissolutidn.vahéj~:i'*

' *integrated form of their equation 1s~"-'

'

- where W, is the initial ;:§qht ‘of the solid W is the
weight of the solid at time t,_the constant, K X is the
product of intfinsic rate constantt solubility, density,

' and other shape factors, and t is the time.

Some Factors Influencing}Dissolution Rates

o 2ﬁ:f |
vb : Inasmuch as there are several physico-chemical factors :
4 g.regulating the dissolution r&te of solids in non-reactiVe f.;fjilj
*\; media, Only those that are considered relevant to the present :
.”fui-: study will be briefly discussed here.iu.rl* ‘ v .

olubilit _ o | e
Under sink cond%?ions where the concentration

gradient (C - C ) is almost constant and the concentration |
build-up in the dipsolution medium is negligible, the disso-
lution rate of the solid is directly proportional to the |

saturation solubility of the solid in the dissolution 'jhjfifﬁi

medium.;yAn'increase in saturation solubility,,‘ ,1would }f@lifnéﬂ

e ks




3 ‘,v"‘t"'"“"' . S .

"n}"result in an increase in dissolution rate.f Hamiin et al. ;?;

ai;(59) reported data for compounds representing various chemicaL

‘f‘species to show that the relationship between dissolution
'fhfrate and solubility 1s linear.;,_=;“ﬂi'*," i : '

iSCOSitz ,f"vfﬂiﬁ ;itﬂff;%;:}i;f;f;
s 'ifiﬂéflif The dissolution rate is’ inver;el; oroportionalfgﬁ'f, S
f%to the visc051ty of the dissolution medium 1f diffu31on ;;if:
—ﬁmechanﬁsm is operative.- The dissolution rate controlledvgﬂ7n<
t.,by interfaC1a1 reactiop is not affected by the viscosityhfit”
"ﬂ;factor.; In a diffusion-controlled reaction, an increasei;lff"b'
':“1n v13cosity w111 result ‘in- a slowing of the dissolution}ifﬂ,%gf*'
~;grate.- ThlB relationship was clearly demonstrated by Braun
- { ) and Parrot (60) who showed that thé dissolution rate of ‘
| h:_benzoic acid in aqueous sucrose solution and in methyl SRR
ijcellulose solution was inversely proportional to the vis~s;

'1-cosity of the dissolution medium.-& *[];_'_"7:g5'“fir?‘

-

surfaee Tension

The apparent dissolut Lrate of sparingly

5fi@;*fvf fsoluble solids can be appreciably increased by lowering
"~75the interfacrﬁl tension between the hydrophobic surface of ;;;31
”*the solid and the dissolution medium.} In a study con--‘ 8 R

‘~xl, cerned W&th wetting effects of surfactants below critical |
7 d micelle concent;atlgn, Finholt and Solvang (61%)% found that ..’-., :

» LT
: ‘Mdthe lnclusion'of-:‘lysorhate 80 in concéhtﬁrtions less

RV ZL A

_,[1% w/v'in'the dissolntion mndium accelerated the ,1f

RS

DR R 3 . . - A, A A .
) "f R AT VD U Ay




‘ffsurfame of phenacetxn.¢ :‘““ B

Pertlcle Slze

. An lncrease 1n the spec;fic.surface area es'a'

‘a;result of reduction in partlcle sxze will enhance the rate

'ffof dlssolutlon of sparingly water soluble solids., However,' ‘
fﬁfthene are severel instances where particle slze reduction has; ff;

f;little effect on the d1ssolutzon rate.e This anomaious be- yf*¥¥ﬁy

‘:fnefhavior could be ascribed to the acqulsition of electro-ixf%ff5f?ff

’7ﬂThe effects of pa;tlclei{

'”f3fsize on- the dissolutzon and absorpt,on,rates have been well 13;11

>‘7ffrevxewe¢ by Levy (l) and Flncher (2).,2¢:}ffff7“‘ﬂ

| BEE EEEEEEEEEEE R , SRR AL
';fglief?;i5}1,1 In those instances where the solubility of the

L8 solid is e function of the%temperature, an increase in

'”ffftemperature of the dissolution medium will enhance the rate

‘H’ ;;5 ;of dissolution by increaszng diftusion of the solute mole~.3f??§;'
fﬂﬁ;ﬂcules through the difﬂusion layer into the bulk solution. ; %€;75[
Agitauon e . o

For a diffnsionrcontrolled reaction, 1t is apparent 1??




It 1s\evident from<the above equatLon that the valuelof the;

1”1fn constaﬁ%, ”f‘n the Qese of a diffusion-coutrolled reaction?‘

‘;if'ﬁﬁf"tgﬁién, the value of b will approach zero.::Further, in

ordex for a dissolutionbstudy to be more meaningful 1n de—aexfw L

;;:;ﬁi: tecting stat1ptica11y significant differepceé in dissolutionqﬁ,gﬁi

- rates of diffusion-controlled reactions, a 10" agitation f;rJ*'
.f! 'v»lnteneity Will be desirable. 5ﬂxfﬁ*€7 ':f.o; i o e }s P
:: 3. l» l\lethOds for the da,temination of Di.ssolution Rﬁtes DR
e Numerous techniques for ‘the. evaluation of in vitro

dissolution profiles of solid dosage forms are avallable.

These my be collectively grouped under two main head:l.ngs 4T

Methods for’Intrinsic Disaolutidn Rates_and Methods for




. ,;ﬂflxed by usj,ng a Ahéﬂ_diﬁiﬂtﬁgx‘atinq, flat- = e

"ﬂfﬁfaced disc mounted in‘a’ holder such that only one face of the:“~?”

fl;disc is exposed.. In this method the diSC‘holder is attached ifﬁi‘

;ﬁi?to the drive shaft of a conStant speed mogor'so that the

‘*:;Ffdisc face can be rotated at a spec1fic intenSity of agitation _ %{7

'fi.gexpressed in terms of r.p m.‘ In order to demonstrate the

*ffsity of aqltati°n"°°°pei

vfdependence of the 1ntrinsic rate constant EK, oh the 1nten-i'3

ifid?Kingery (64) conducted a series -

”f&”of experiments at two different temperatares by rotating

L sodium chloride discs of constant surface area in glycerin {”‘”4,

'Vuat various speeds. They found that the plots of logarithm

'ertof K versug 1ogarithm of r.p m. were 1inear with slopes

h;ﬁ{fjrate of dissolution is diffusion-controlled.

Effequal to 0 5 indicating that the intrinsic rate constant, 'f{- |

'ﬂt”K, is proportional to the square root of the agitation inten-{ifﬁf

'fsity“”;Their findings were based on-the assumgtions that the S

‘m‘f¥f1°“ of a high viscosity liﬁuid is laminar and that the

’”-jjnotati g Basket Method

”Searl and Pernarowski (65) pioneered the deveiopmentffi

'°”91aﬁ{of the rotatingwbasﬁft'mﬂthOG which now has been ad‘Pted as

fﬁan official method in he N. f:’xxxx (66) and v s P..XVIII



s @xn the dissofntlon studies of constant—sufface pellets of

"”'ﬁ}salicylic acid, Tingstad et al.

:*’ﬁ9$sh£p between the dissolution rate and ths Lntensity Of

168) found a 1inear relatxonngfd””

.s,agitatiOn in ‘the range oﬁ 50 to 150 r.p.m.“ Therefore,
Q'low agltation 1ntensity/of not 1ess than 50 r p.m. should
Q:be selected in the comparative,evaluat1on of dlssoluthn

'»3rates of fast release preparatxons.f‘°”r”“

;s;A,;. Inte:pretatxeh of Dissolu Data
s ,3»~g;

-?_ chstant surfsee AréahConcept

Under s;nk condltions where concentratlon change,£w95\‘*

Sl
.r;l reduces to-’ yf.;ffu

ji(C'd: ) is negllgible, the term, bt' dr0ps out and Bquatlon\\\

3fi;nquation 6 implies that, since the d;sﬂolution rgﬁe is

7f7constant,vit must follow zero-order kinetics and remain

‘d‘ffxndependent of the concentraﬁion of the dissolving solid. _Hif'~”a

7'"f5Therefore, the initlaljfoncentration of the solid, C;, could

be substitute‘ for the satuxation scluba.li‘ty of the solid AN

“‘ﬁlc A inAthe,above eQuation»; Integration of the zate eq“at1°“"

6 between Elme t and zare time, foliowed by substitution af
‘ﬂfor Sy vill yield"?w S o

v -




ﬁVlyield a straight

Since the concentration of the SOlld dissolved at time t
*over the 1n1tia1 concentration of the solid is equal to the

fraction of the SOlld dissolved Eq, 9 simplifies to--fﬁ:
o Ft = K s-” t Ry 7-, | s rEc";;.. 10 -

fliwhere F is the fraction of the solid dissolved at. time t.ii:‘f;jsu

‘-FfTherefore, a plot of the fraction dissolved versus time will

. with slope equal to KS/v, It shOUIdfofflfﬁf

‘ﬁ‘fifbe noted that the slope is also egual to the apparent dis-fﬁf@ Q‘ﬁ

:*7fi]slope with the surface area. 8 and\then multiplying the

'ifffmatrices under sink and constsnt surfaoe aree conditions, .

'i"fffDesaL et al. (70) Were able to predict that a plot.ofwthe

7v.solution rate constant, k. The intrinsic dissolution rate;ff953 ‘

_jiconstant. K. may simply be\computed by first dividing the s”‘u.

'-f“quotient with the volume of dissolution medium,
Based ‘on. the Higuchi theoreticel treatment (69) for

:ffdiffusiOn-COntrolled druq release trom insoluble, inert §f77,;1ff




. is Operative, according to the follawing equation-o;fffg"y'

R R PR ;*ﬂ?<
LB AN RNt : e
7”_2Wh11e studying the behavior of drug release from“wax

Q = x 5 t‘/2 ff’”;g,_" (Eq._ll)

i;fmatrices compressed 1n the form of tablets, Schwartz et al. uuj};"ﬁ

”“-5:(71) found that drug release conformed with the.Biguchi

jjf ~-nﬁ;diffusion~controlled release model as well as thh the first-_igﬁﬁﬁ

;fffff‘t;orgzr release model Wthh they depicted by the following

mirelationship~7f7”v B S A A | a , S

‘} ;where A is the amount of drug remaining 1n the tablet at—_r_ffﬁv

lgtime t, and A 18 the initial amount of drug 1n the tablet.;fk?ﬁﬁ_g

'fi.;i7\:1n order to differentiate between the two mechanisms,:they S

:h??made use of the logarithmac form of Eq. ll and demonstrated;fuf”:'

ii that a plot of log. Q versus log. t was linear with slﬁpe o
' ”*g equal to o 5, indicating that the drug release data fitted
1-f1} Hignchi's diffusion-controlled release model according to 7ﬁi7ﬁf?*i

P S
. a b

A the following relationship-i‘7ﬁ'gfj:€fl'&f¢f€f9;“'

v.“v.' D

e io

o ,169 o‘= (:199- 'r,<‘: + Iféq‘ 9 + 1-'/,_2:* iqe}}te;,.;f'“'z B, 13) 0

Variable Surface Area Concept

Assuming that the percent surface arej;ivailable

- 73#} for dissolution is proportiohal to the percf;t f“}}é undissolved.=




e
=

exponentially with time, Wagner (73) derived a

rate expression for dissolution‘of solids whose surface area :

18 constantly changing as follows

.

A - p‘é‘ kt S

Thus, a- plot of the logarithm of the percenqgnndissolved

*r:‘ versus time will be linear under 81nk conditions.,Q.ﬁ,'

However, in many instances, the first-order dissolution

"first-order '¢7i~

data yield curVed plots which are non-l‘”ear in the early :;fiJYQ

dissolution plots are merely artifacts..

that adequately describe the data.g His concept is bj-i,,iﬂ i

the assumption that the pexcent dissolved 18 equal to

percent surface atea made available~for dissolution..

suggested that the—percent dissolved-time;;ata which yield '.rf?t'

very poor first-orden plots may be best appro:imated by

1ogarithmio-norma1 distribution functions.' when dissolution

follows a log-normal distribution function, the percent

Und?r these condi-;ff'.

%Bsoived—tmé 'data may he{ plot‘j :”"’d pn a logarithmic‘l’mb‘bility

i

.
Lopd e
S



*fpartition theory, the 1ipid-soluble drugs in unionized foxm

iiare transported across the mncosal membrane by smele diffusion&xgg

'“j‘fnowever, the*lipid-insoluble dzugs are transportea by\an

*“Tue rate of'absorption of arugsﬁf

’..gactive transport mechanism.

;from the small intestine is inﬁlnenced by gastric emptying
ﬁ»fod; in the stomach can delay gastric

;ngfﬁ*fittime. The presence' 4
"jij;femptying which, in‘turn, can slow doWn the rate of absorpti°§'




“The effects of prolonged starvation on the alisdrption o

~§faegree~e{ absorption. An excellent review'on.the physiologxcaln;ff

H:.§fﬁayersohn (77).x,ehv;_ijgﬁ

2._, Drug Distrlbution
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' ”:[:tox1c1ty by’displacxng rt from 1ts bind1n7.27?"‘
. W A S N
dlffusion of dr/gf rnto the erythrocytes can be affected
: ft'“ff by proteln bandlng. The ratlo of whole blobd concentratlon:f‘

o R e

‘24{;;-7? to plasma concentration can be,regarded as an 1ndex of S

o free unbound d1ffusrble drug. The uneven distrlbutlon of L

- ‘drphenylhydantoin between plasma and erythrocytes 1n humans
'“»was reported by Borondy et al (78)., They argued that the
. ratio of the order of 0 7 was due to a. high degree of protelnh,*

v‘3blndlﬁg resulting in poor d1ffusron of dlphenylhydantoln 1nto'

| Physrcochemlcal Propertles q;‘-,-;~ f;;”};f

Theﬁdistributlon of weak‘electrolytes w111 depend
”hc-on thelr pKa values and on dlfferences between 1ntracellular
‘L~a“d extracellular PH values.- The 11p1d—water partltlon'.
vf%oeff1c1ent of the unlonrzed form of the drug is the rate;i'
'3;j};11m1t1ng factor 1n the distributlon of drugs.i Two drugs | .
stW1th the same pKa but different llpld Solublllty W1ll ex__n_iv;”'

_‘-j.- 1
o hrbrt drfferent dlstrlbutaon characterlstlcs.

\e3}" Drug Eliminatlon

'~ﬂ;:_;,excretlon of both changed and unch-ﬁyedgdrUgs. The overall
r of the flrst~order

\\_7 -

. . iy L. . : ",
”“Liexcretlon and metabolrsm rate cuistants.“ lee the apparent':gg;*

':;7;:volnme of’distrrbutron, the e}g{ination half-lrfe becomes e vf"

{oe

- n

ghe concept of blologlcal




half-life becomes vrtal in calculating approprlate dosage

~reglmens.- The blologlcal half—life may_vary_from 1nd1v1dual

:5t° ind1v1dua1 due to genetrc dlfferences._;Further, plasma*7}5*?}7
. proteln blndlng of drugs can decrease the overall elimlnatlon','xk
»;rate and thereby increase blological half—llves of drugs."'é

‘den hlS overvrew of drug-proteln bzndlng, Gillette (79) ’
:'stressed the 1mportance of such blndlng on drug elrmlnatmon._r ”

H.;Slmllar concern was expressed earlrer by Glbaldi and Werntraubbl

(80) who p01nted out that, unless the biologrcal half lrfe .

of a drug was jetermlned from the far end of the llnear'”'

ts‘gment of the semllogarithmic plots of blood level and

.,L;urlnary excretlon data, the true half lrfe would_be

”;i‘underestlmated | _gilf?r fdﬂ:'gw'vV’ ff ifﬁ; ff\‘jrjlt

ff'body clearance can also be expressed as the product of

‘?;:volume of distrrbutlon._ Rowland (81) has demonstrated on

IAfcorrespondlng area under the blood concentration-time

" E. SIGVIFICANCE or OTHER IMPORI'ANT CONCEPTS 'f-l SRR RCTIREIT.

Total Body Clearance

SRR

PR

In pharmacoklnetrcs the total body clearance, ml/mrn, e,.
' 1s deflned as: the ratlo of the urlnary excretion rate,

'mg/mln, to the blood concentratxon mg/ml. The total
-the overall ellmlnatlon rate constant and the apparent

“the ba51s of area analysrs that the total body clearance;f

'can be determlned by divrdlng an lntravenous dose by the

,A/p,:‘_). - " :

fmcurve. The total bcdy clearance is the sum of the renal

P

--and hepatrc,clearanpes. The hlgher the value,bf the total

. ol »*ﬁa;“,«j..':«-57‘::,>,f’¥*;;7/*;=‘ n>-2 ,~,ﬂ'*‘:
S e SR IR T PR



'rfﬂtheSe are'i the proteln blnding and‘the saturatlon of

‘li?body clearance the lower Wlll be the bloavallablllty‘\

;Further, 1t should be empha51zed here that the nhv31o-
S

ﬁf[ﬁchemlcal propertles of the drug, suéh as pKa and the “Q?;Tfﬂ?ff?

) '?11bid-water part1tlon coefflclent w111 determene whether l“

“"7the clearance of an organlc weak acld or base w1ll be

_,j}_lnfluenced by the urinary pH Changes.;a'vt“"

' Dose Degendence

Most blopharmaceutical evaluatlons are.based on thehf.”ari

:assumptlon that pharmacoklnetlc events follow first-orderif?7”
Ef;klnetlcs. Accordlng to the cla351cal chem;cal klnetlcs';;wdff
"];dose-lndependent kiDEthS lS Just another name for flrst-*

'”‘gorder klnetlcs., In. pharmacoklnetlcs, the cr1ter10n for

5[dose—1ndependent klnetlcs ls that the area under the
-‘blood concentratlon-tlme curve should be dlrectly pro—'

}"ﬁportlonal to the dose admlnistered This 1mp11es that

' *ifthe fraction of the dose absd%bed or elimxnated w111

, L
*-always be the same regardless of the dose level used

VY

L”.éfllogxcal ha1f~life and the clearance w111 be independent of

'w*jﬂFor a drug exhlbltlng dose-lndependent k;netlcs, the b10-7 3;1

ff}the dose adminlstered.v If the pharmacoklnetlcs of the drug

'“nf~jexh1b1t dose-dependency, then the area under the curve and

l;fvthe\bxologlcal half-lee and the clearance wzll varv from

ff;dose t6 dose. The causes of departure from llnearxty

s hj;’could.be many, but only a few are of lmportance. Among

e

.;}55f]£3f




o (turtion ;L#»id‘:e‘«.,tfcésr

“faglwith the areakdb

“»lﬁﬁjdosage form is arbitrarily aésigned an availabillty value o”*

F BIOAVAII.ABILI‘I‘.Y G =

Dlttert aqd DiSanto (82) have described bid&vailabllityi?aff

"ifas the rate and extent of absorytien of‘aidrug into the

“lrfsystemic clrculatlon. The relative bioaVa labxlity can be

ﬁ;AHmeasured byfcomparing the area under the bloodwconcentratlon--VV-3*

'qftimé“curve'fa¢lowing administration of the test\dosage form

| 2

der the curve following admrnistration of a

- *,lreadily available dosage form. The‘xeference standard

77100 percent,, The drug is con81dered to be fully available
. : y’

“fdwhen the area ratio xs eqnal to unity. And if xhe ratio is

;'fffrenal clearance is_influenced hy the g;inary ?H changes ‘can.

“f?lnfter a drug xs absorbed from the gastrointestinal tract 1t

p,-v..

5¥?reachés the liver flrst before enterlng the systemic_Ci”CU1a"ﬂigr

o

'j";{less than unity, the drqg is not cnmpletely availab_“. ‘f;>ffif:;f€

d?”lbe aPProximated without reference to a parenteral dosed;r'ﬂl'. |



"anflnfusion is signzfxcantry less than tﬁevarea undex the curve‘

l~.

fj:followinq peripheral 1nfusion;“then it can be concluded that

lnthe flrst-pass phenomenon for"the drug is Vlable.lf‘“'-z'

the absorption rate constants

In pharmacokxnetics

‘lg“;are usually determlned from:the blood GOncentratlon-time 'fﬁn}ﬂj;j

’f‘plots by the method of featheting.. Wagner and Nelson (85)

'"fffintroduced a method for the determination of absorptlon

‘fsrate constants from the blood level data according to a one-'_iﬁ*'i

j'‘_f'k':'(:oxupem:rtmte.-nt open modeld They shcwed that the c0ncentratxon

-ﬂfOf drug dbsorbed per un1t volume of distribution at any time. fﬁ;ff
; jnoral administration ef the drug without having to determine
'eﬁirthe values of the fraction abso:bed and the volume of dis-f""":‘

‘f“tributlon.a They derLVed the following relationship:




' ;ff:will give the absorptlon rate constant, The_absorption rate

’ {G cénstant will‘be”expressed in terms of the percentaqe of

similarly

the m&xlmum drug Whibh 13 absorbed per unit time.f
Loo and Riegelmani(as) deriVed theﬂfollowing eqnation ac-d“
cording to a two-compattment open modelj r‘uffggj;}fﬂ;’fJﬂi




'Vf;where F; and Fz are the fractions of dose absorbed from

f-ﬂ;_formnlations l and 2._ If the drug exhlbits dose-rndependent

:V“jthe same for both the formulations,‘and

‘ah57be written as.ﬂfr;”ﬁyg[fffni;ﬁja**'5

"7;k1netics. then the elimination rate constant Kﬁ w111 be i i

f_refore, can- .

"hhcel out.. Similarly, the dose, D, and the volume of dxstri- rfff7;¥

' '--J‘f'j‘bution, v, 'will drop. oﬁt too.-,, “The Equat.loh 18, nOW. cang.s__,'-"-,—'-

;ablood concentratiﬁn—time'turve Iollow f_;

°ralfadmdnistrationff[{h’

;fi;Of twa,dbsage ford! containing the same dOse of a given drug}fkﬁﬁ:i

ﬂhﬁrelative bipavailability,‘ f’*' :



4 fchem i idegxf ‘

,.;n}:or biotransformation at the abs tption sitejﬂ,

':‘,'-jinterpr" ations. Notari et

5f7for the aame drug at;the abs?rptionflite, Ahe Wagner and

'f.ii}Nelson method will overestxmate the truevabsorption rate foffffw ‘

'ﬂ;ftinc°°n3t“"t'% The overestimation results in an EE‘_ t-flrst-!;e ‘.j
:“;Lfforder rate constant which is the sum of the true absorptionﬂf;dzf:f
:'.irate constant and the rate constant ﬁor parallel loss of : e
: H!*idrug to the extravascular compartment. They Lndicated that;iff*agh
C‘“Q5ﬁfin ordet to obtain the true absorption rate constant the o

?;7apparent rate constant should be multipl;ed.by the fractzon;fn[77“”

;;;'ifﬁ;fof the dose absorbed HoﬁEver, Perriex and Gibaldi (89)

"}n”;determined experimentallﬁﬁthat in instances where drugs are‘}fifff{

ﬁ;f;t:népoorly ah&prbed the true absorpticn rate constants can not ftf‘”ti
l_,;be calculated by any method whether it be the Wagner and

'iifNelson method Or the feathering technique.} In contrast to f_ij !

%*f}fﬂ;d*the findings of Perr r and Gibaldi Leeson and Welntraub v _
“"':77f(90) have proposed : alternative technique ofmtreating the ;.;ﬂ?_w
”‘fﬂ;data qptd!ned prio to the onset of the 1ag time whach can'ﬂf”ﬁq

: L
b é

‘4”5fjdetermine the true absorption rate constant for some modeis.fﬂjtf;f




f.’EX?ﬁéiﬂmﬁiéitiiaff;]fﬁf""

‘”ijBenzoic acid1 (certified A C S grade), methylcellulose’i,fj”

¥15USP (1500 cps ), naphthalene3 (sc1ﬁtillation grade), poly-t’ﬁ::
. 1ny1pyrrolldone's(Povidone'NF), sulfath:.azoles BPC, and |
'f‘l 4 diorane; were used as received w1thout further purifl-rv
» cat:.on.J Calorimetrlc standards such ae 1nd1um, lead tm, _
;rﬁland ZL&L were obtalned from the FLSher Scientlfic Co.- Methz-”
‘sazonee, sulfisoxazole USP and sulfamethoxazole NF were S
o_;ﬁsupplied by the manufacturers.; The purlty of these cofgggnds‘ﬁ

"gas indﬁoateﬂ by the certiflcates of. analysls/w 9;4 r

' _',.‘,99 68%(: Q‘ 93 80% regpgctlvely. Meth:.sazone was used ‘as’ C e,

ﬁe?dsupplled.. soxazole, sulfamethoxazole, and nrea”vr~

' gcertified A & S. grade) were recrystagllzed from reagent

'l'grade methanol All other chenlcals and solvents employed

-

in thfs: tudy)were reagent grade and they were used w1thout gf“-‘
'”f;xfurthe* purification._i,' . | |

: sy | L : ._"ﬁf}jliff R
1,2 "’°Fisher Scientiflc Co., Fairlawn ‘N. J., U, s. A.;_Uj”
A " 3BDH Chemicals Ltd., Poole, England n o

VW'“Plagdone-C (K-30), supplied by the GAF corporation, o
‘New - York U.5.A., , . !

d"gfdjgf SBpH’ Pharmaceuticals Toronto, Canada :
R é?g; 5;557Burroughs Wellcome: & Co., Kent, England
: °'°Hoffmann-LaRpche Ltd., Quebec, Canada |




?ffl; \Preparatlon of Solld Dlspersrons g5

\?11d dispersxons were prepared by the solvent evapora-_f,lr

"'f tlon meﬁhod. Methanol was employed as a solvent for-bpth

sulfisoxazole and sulfamethoxazole.b The solVent system for

’ methlsazone consrsted of a mixture of acetone and methanol

:’,h in equal parts.. The solid components of the SOlld dlspersions"ﬁH'

1

Vo were accurately werghed and then dissolved ln a: mlnrmum amount {ff
' .of the proper solvent system. The solutlon was then care—.f
| fully evaporated to dryness on a water bath. After Complete _y/

g evaporatlon of the solyent the SOlldlfled mass was finely

o ground, 31eved, and stored in a vacuum desszcator over an~’7

"ﬁ"g;w Preparation of Physzcal Mixtures ;I fffea i

hydrous calcium sulphate._L.ﬂty;h'rj;.‘___f‘hﬁf*;'@;ff'j'lvgaf.‘

Powdered drugs were fzrst p%ssed through sieves and

the fraction between 270 and 325 mesh was collected £or use.f‘

1n this study.A The physical mlxtures oﬁ carrler‘and drug

were then prepared by simply mnx;ng. . ﬁj-lﬁ~'

‘o'f3 Analysis Of Test Preparations

'_-‘pl'

The concentration of drugs 1n the solid dispersrons

anduthe physical mlxtures was cOhfirmed spectrophotometrlcally,

fgﬂ using a Unlcam SP 1800 double—beamﬁspectrophotomeder. Both
;fsulfisoxazole and Sulfamethoxazole 1n dlstllled water obeyed

”7(: Beer 8" 1aw ét a anelength of 258 nm. Methisazone in 0 2 N

' lpye Unicam'Ltd:, York Street, Cambridge, England .



NaOH alse—obeyed Beer 8- law at :iwavelengtthfu380-nm. Neitheraifg
“”ea nor Polyvinylpyrrolidane interfered,with the assay pro:g“”‘

cedures at these wavelengths.j,:mnf,f

THERMAL ANABYSIS STUDIES

[

There are two methods of thermal analysis, the visual

':d~f,j and the differential. The Visual method employs the cooling

/"

.. 'Arthur B. Thomas Co,, Phila., Pa., U.S:RK. .

i aid in the detection oﬁ,other phase changes._ In the present

3fh;¢ solid dispersions prepared.,;N,]”Zjﬁy;_l,“ﬁ?gf7 e

| 7:1 Capillary Helting Point Method

curve and the thaw-melt techniques. Of these, the thaw—melt
method utilizing the capillary melting p01nt techniqd@ lS

more simple tO»use._ HoweverJ it has a: low sensitivity duej:;.‘A.
to the fact that the measurements are based on subjective "»»;;fﬁ&
observations.. This imposes a limitation on its use 1n e:iﬁft‘"i"
detecting heat effects visually.: On the other hand the ) ;
differential thermal analysis (ﬁTA) methodv gggzirtue‘of its '.'fff
1nherent ability to detect very small energy changes,gmakesi'i g
it possible to cxrcumvent the limitation of the thaw-melt

method in detecting heat effects. Sinceﬁthe capillary |
melting point method is effective in detecting meiting

po;nts, DTA is often used as a complementary technique to

study, both methoda of analysis were employed in characterizing ‘;\

I

B N P R
A Thomas-HooVer capillary melting point apparatus was %

employed for the dstermination of thaw aﬂd melting‘points of




'rf;”under 1nvestigation., DTA ysfa simple, and senﬁitlve analytlcalfr*

‘”'fphysical or. chem;cal regctions assccieted with either heat

S ) ‘
'._.It can only recard'hhanges in energy content of reactions

'7g;tool desxgned to detect/:T
| ,1oss or heat gain aq a function of lzqear temperature rxse.,e:

.avas exother

’formatlon on the heats of fusxonqAnd transitron of qpecimens

\'.

; tor endothermic.f It cannot ident#fy the type

o

1{f is" a prerequislte fcr the interpretation of DTA peaks. *‘

'fiDTA thermogram rs obtaxned when temperature-differentxal

'that the total ﬁeat of reactlon, AH, is proportional to the

,_"temperature.ﬁ.r It has been shcwn by Borehardt and Daniels (9 1)

e .

-quantit"te small changes in. R

lof fé ctzdnfinvolved Przor nowypdge of Fhe\;ype of reaCtlon Eif

;between sample and reference ie plotted against reference f*ﬂ7e"'”



Calibration of the DTA Instrument

A Fieher model 300 Quantitative DxfferentialgThermal

ip"’. et

'fwas used for differential thermal analysis._ When the instru- o
ment is calibrated againet known weights of calortmetric :
o \_.

.standards whooe heate of fusion or tren31tion_are known,bg

E

'QfDTA can: lend itself to quantitative measurement of thermal fiqﬂ’

'5iieffects. The calibration coefficient J, 15 characteristic ?yf;f

Analyzer‘ equipped'with an automatically programmable furnace.:iff

iﬁ,}of the instrument used, and should always be empirically ' ‘4f r;;

‘“gffdetermfned for the fusion or transition temperature of each ;ﬁ‘"*
"7compound whose heat of reection is to be determined}_ The gfg_f!f}
'*lfnethod of calih%ation basically consists of plotting the '

f~fcalibration coefficients against the corresponding peak

::]ff??fﬁtemperatures of fusion or: transition-, The units °f 3 can- %
:" '” ;.;either be expressed in calories per square inch or in-i :
:f: tffcalories per degree per mfnute..;?ﬁf:.fﬁﬂ?;rﬁf:f'.‘ jj& SRR
SRy Using ‘the ‘method descriﬁed by Guillory (92), the instr“-jfi*fe

S rment was calibrated over a tef

‘ MT~F0.'thiB purpose 15 o:o 1 mg each of‘Naphthalene, Indium,|;1,,“

3 f-;;;Lead, Tin, anGVZihc as standards versus_the empty eample

rature range from 80_ o 4zo°c _j,..,__,,;-ji'_!:.



'fﬂd’é calibration coeffxc1ent mcal deg m;n l
-ﬁ;;AHf%\heat of fusion, mcal mga;ft '

,°ﬁ§ mass of sample, mg

M
P

BRSO fﬁak .a‘-rea'ﬂ Bq. in. ._ o

Quantitativev»Ftermination of Heat of Reactxon ffféé«if}ﬁ}‘ 

The unknown samplesfwere accurately welghed to“*O l mg

;é ”i ﬂffgand quantitat;vely placed 1nto aluminum sample pans and en-ﬁfff?*f

h

then heated at a spec;fled
;w. BMPty sample pan as zeference.j'

51 $fﬁ]f;jThree thﬁrmograma were obtained for each sample under ‘f a5fFﬁ3

»gfidentical Operating conditions., The greas undeg the DTA




- : . ""\_.‘ L .
B T T : : T

'peaks were normallzed to a chart qued of 1 lnch pér mlnute
_ )
'and the value of J correspond;ng to‘the temperatyre of the

’””peak under conslderatxon was obtained fromtthe callbraxlon SRR

f;curve for the instrument. The heatuof reactlon for the

"fwspecimen was then computed by substltuting the values of

‘,v:5J M, P A, AT N and T ln Equatlon 21 and thenﬁsolv1ng

:the equatlpn for AH.

. W) : © ’- S v. A ' o 3 R N 'M :
"““\ej\__unxsmum SOLUBILITY STUDIES I

\
A serles of- solutlons Oi“iﬁG#eaSLBQ concentratlons of L

*h_*_ o -
Bl —————

jcarrier ln equal 1ncrements of 0 5% w/v ln dlstllled water Af'

was: Prepared An excess amount of drug (about 200 mg) was : ';fjf

-

» "Jplaced in lS-ml glass v1als fltted with rubber closures."'i*r;_tﬁwg

'/3Ten-ml samples of the aqueous solutlons of the carrler 1n R

“varying concentrations were quantitatlvely transferred toa

N .

~\ ‘(1 o

‘ these vials contaiB&ng drug, and the v1als ‘were then secuﬂely 'S;"l

Tog

"wa;lstoppered. The contents of the vials were contlnuously s ?N'f

P 1

ql‘--agitated in a Dubnoff1 metabollo-shaking 1ncubator at 25 and

-

37°c constant temperatures fog over 72 haurs untll eaulllbrlum

was_attained under saturatlon condltmons.v When the v1als

ek
e #)ﬂere lmmerséd 1n the constant—tmnmerature water bath, care

was exercxsed to ensure that the water level of the bath

2,

:1; was well above the level of solutlon 1n the v1als. Allquot uffffta

- samples of the clear, supernatant, saturated solutlons were

ER ..*\mthdrawrf, uaing@‘mposable syrlngeS-; The ali‘!“"ts were -

o ¢

o . o - ‘ R ! ‘_’/ S LR

immediately filtered through O 45 mrcron pore size Mllllpore_faeb;'

SN
‘

" ibrecision Scientific Co., Chicago, Illinois, U.S/A. = -+ °

v h



"“-fﬁdllutlon w1th water, absorbance of each flltered sample |

. at a predetermlned wavelength.. The amount of drug 1n

ER

| » : » _ ,‘/5'f H%_:v,g';;s,;gﬁ ;jﬁﬁ.s e ;““djr;:J
f;fllters ,,u31ng 13 mm Sw1nney adaptors After sultablefll- e

‘1was measured in a l-cm cell agalnst an approprzate blank5

.

j;solutron was determlned by- d1V1dlng the absorbance by Zhllm'
the slope of a prev:Lously,constructed *cahbration curve

e

l;;r the drug.

S De DISSOLUTION RATE STUDIES

3

Accordlng to the laws of hydrodynamlcs,‘the dissolutlon

from static 301155: in the absence of any ex; r“*”'

‘agltatlon, w1ll p0531b1y occurftnder the?influence of free
o t
'-convection of the. dlssolutlon medxum as a result of the

a .

'den51ty gradlent and the actlon of grav1ty.j"Therefore, under ;.hfdf

:free convectlon, dlssolutlon w111 not be controlled by dlf—
E fuslon alone and the dlffusion-controlled reactlon w;ll

not be a rate-llmlting step., In. v1ew of this, the dlssolu-f"

"'_tlon rate measurementskln this study were made in dlstllled

'”.;water at»37 c under forced convectlon by the rotatlng-dlsc 'Jff,ff
H-and by the rotatlng—basket methods.. ;; f*; fﬁy‘vﬁ?“'fo i ¢h;

I

e In comparatlve dlssolutzon studles, varmable faotors

.",such “as wettlng abil;ty, partlcle 81z§>dlstr1but10n f::l

hence spe91f1c surface area of the dlssolv1ng solldi

'_,Tcles,ilf not controlled ‘can 1nfluence the dlssolutlon

,j'rates.j To minimlze these untoward effects non-dlaintegratrng, -Jd]

R S
CLr o o T T e
. 'Miliipore Corp., Bedford, Mass., U.S:A. . " .
/ i. ° v



1_7f1n a rotatxng dxsc holder or placed ln a rotatlng basket
LI S

A such

s ﬂgenerate a

.
3 ; .
ey : N

g -

"Jfﬂl Preparation bf Pelle;s

"f:~area of the exposed solld The pellets were elther mountedﬁaif**”"

'5ﬂfqassembly, and rotated at a constant speed of 54 r.p. m._;ﬁrff:
”Ht the applred agitation was ]ust suffrcrent to'i4ff{

tced convectxon flow of the dissolutlon medlumd fftﬁibf

";;_:E;  fd A 400 mg quantlty of‘eadhﬁiﬁst material was compressed -

into a flat—faced pellet Ln i i/p 1nch die at a suitable :5

J

‘:“.‘

a
<

“ﬂfﬁfkithe aid og‘a rubberfbulbi to remove any loose powder.
I 5 . . B | o -3 7 ,n_“. 7:‘_’» i . ' . . i . S L .

I AT

e e

: . ‘2 Rotatlng-Baykeé Method

_the detallsdof whichxfre essentially the same as described

s G

r'

and

}*€t

ed S. Carver Inc., Summit N J.,‘U S A.

TN

; ‘-x\.ﬁ T T B PR S

':dgpressure for 1 mlnute ’hsiﬁg a Carver laboratory press.vé'l“

o The expoeed surface—was,fiushed with gentle air puffs (with»

Thls me od employs a USP-NF rotating basket technzque, {ﬂ )

L under u.s p. xv111 (67) and N F XIII (66) In thls methOdf':"’fw
{fﬁ;the pellets after compteSSlon were {emoved from the dleﬂfﬂgm'

'stored in a desszcator contalning anhydrous calciumdﬁff3f”7d

.w‘d e Table xI for details Qf actual pressures em?lOYed_vi_°”i'

LT . . ‘" .



h&vby Levy and'Sahll

i'1n81de~the Iotatlng basket and the whole assembly

s

f;‘3 Rotatl g Dlsc Method»la

’S‘ .

éf: Thls procedure was based on a method as-reported

A

‘¢63) ¥ The compressxon of the pellets

';1n the d1e was oarrled Qut flrst by placan a metal\ fﬁf”,fffgeffnff

o

j{lplug over the test materlal and then by compress;ng the twoffei_*~

‘u-together under desxred pres;ure such,that the plug remalnedfk_._

,Lsecured 1n the d1e followrng the removal of the p“ECh';:Tbefﬁf“f'“~

'“open end of the dxe was then sealed off by pourlng molten .4L5"u .

'paraffln wax over the metal plug so that only one surface &;f;41
7‘of the pellet was exposed The die Wlth the pellet ln‘r}~ o

't3place was stored 1n a dess'_"'

.sulfate unt11 such t1me as 1t Was r!hdy for use. dThefdieefti ;Qif;j

v_pellet combinatlon was mounted ln the rotatlngodle holder

'“;whose shaft was connected td the drlve motor._t”il*';”
‘ ”u T . S e

:.:4;; Dlssolutlon Methodology, ' "j'f';;il}}lf Hffjpj”)”,

..,'

All qhssolution rate studles were ruw 1n trlpllcate,;

krffutxlxseng;the USP. rotatlng basket dlssolutlon apparatus.

'}jQ,In order to provide 31nkgcond1tlons for the dlssolution, _h{ﬁgf_ttﬁ:

a relathely large volume of 1000 ml of distilled water o

7?:h7was employed as the 01ssolutlon medlum The temperat“re °f y

L

tﬁthls delum was allowed to equllzbrate with the temperature '7*fa.j

',tﬁof the constant-temperatune bath WhICh was mainta1ned at




*557+0?5°c; At tlme zero, the rotatlng assembly containlng
.‘,the sample was lowered into the dlssolutlon medium to a

J’“:Jﬁdepth of 5 0 cm from the bottom of the dlssolution flask

’7‘fthrough 0 45 mlcron pore size Mlllmpore f11ters, using

4

'ﬁ;l,Rotation was then commenced at a constant Speed of 5411 r. p m.;fdflJ
il~Samp1e aliquots were_withdrawn at approprlate time 1ntervals
| and replaced with an equal volume of fresh dlssolution‘medium

:‘Q'malntalned at 37 C.. The allquots were 1mmed1ately filtered

}Qa o

: :.SWi“neY adapters.f After sm.table d:.lut1on of the c1ear L

rfiltrate, the samples were aesayed spectrophotometrlcally..

fAQThe cumulative amount of the druo dlssolved at any given

":ﬂsampling. using the Wurster and Taylor equatlon (94)°'~“

in water.‘ In v1ew of Lts llmited aqueous eolugglitv and

5;3 tlme was corrected fbr the dilutlon effect due to repeated

n-l

t l

.%;corrected amount dissolved in the nth sample gVV' ;

=funcorrected amount dlssolved 1n the nth»sample-;*f
;éf31ze of the sample removed L g

?;volume of the dlssolution medium

‘VQ]X£=;uncorrected amount dlssolved at tlme t

S

ANALYTICAL PROCEDURES FOR,BIOLOGICAL FLUIDS

]l;l Estlmatiod?of Methlsazone Ln Whole g&god Plasma, and Urlnel”jf

o

Methisazone, an antiviral drug, is sparingly soluble

ol J

x- xn R o maea |



'3 no completely tested method for the measurement of methisa~lﬁ3{“*ri

;f was based on thewobservation that methisazone undengbes a
f bathOChromic sh&
S alkaline medium} giuing rise to a chromophore-absorbing

;ﬂ,maximum at 420 nm.,_lgﬁg_;;»~f~'““~"*

'biﬁttandard solutions, contalning 2 O 4 0 8. 0,A12 0 16 0,..°f'"b

20 0, sgd 24 0 mcg methisazone/mlq reSpectively.

brief and sketchy commnniques 95 96). While the proce—:iﬁligtfs,q“u

dures eppeared to be in a preliminary stage of deVelOpment.;JtvifﬁﬂWf

it was considered advisable to study them more fully Sane"i*s 3

zone 1evels 1n body fluids had been published As a ;fff"
consequence, a simple, direct, and rapid.method of analySisf{ff
for methisazone using a spectrophotometric technique was '

developed independently.x The rationale for this methodology

,gﬂ?ccompanied~by a hyperchromic effect ln

Calibration Curve for Methisazone in L 4~Dioxane

{1A stock BolutiOn of methisazcne was prepared‘by.gﬁssolv1ng

_100 0 mgpof methisazOne rn 500 ml of l 4 dioxane.' the stock

8 o i
solution was then serially diluted w1th 1 4-dioxane to—give

o e R |

The stock and standard solutions were freshly prepared

\

And color deVeIOpment was achieved by dlluting the standard Jo:.d

solutions with equal volumes of 1 N NaOH The color was




‘. :1:

".V‘; were usually taken w;thin one mlnute of color formatlon;”}pffi“ggf”

051ng

mlnutes.g

420 nm. A Unlcam SP 600 Ser1es 2 sxngle”beam spectro_"“w

photometer was employed 1n the determlna;,on, and readlngs

The standard curve was then constructed by plottlng the

——
‘\

absorbance values agalnst the correspondlng concentratlons

'_v'

of methlsazone Ln 1 4 dioxane._!f; EEE

o Extractlon Procedure '

N

Two mllliliter allquots of rat whole blood plasma or. e

urlne contalning 12 50 ﬂcg methlsazone were transferred to

15-ml glass stoppered conical centrlfuge tubes. To each 7V“7?~v*- -

centrlfuge tube 8-m1 of 1 4 dioxane was added. The mlxtures

were horlzontally shaken on ‘a, reC1procat1ng mechanlcal shaker

for 20 mlnutes. The tubes were then centrzfnged for 10 mlnutes 'Uil

“jfétat 3000 r p m.' A 5-ml portlon of the supernatant llquld was

removed by aspiratlon,, Thms protezn—free portion was tnen

. transferred to a lo-ml volumetrlc flask,“%nd dlluted to te;;g,_t_

°

'f-volume w1th l N NaOH The solutlon was ~mixed by gently
'5n'1nvert1ng the flask,several t1mes. The absorbance of the

B alkallne sample was then measured lmmedlately at 420 nm

aqalnst an approorlase blank treated as above.. The con-a-fi.“

centration of methrsazone in the sample was determlned by

L reference to the callbratlon curve constructed prev1onsly. ﬁfd“f

1Pye Un;cam Ltd., ¥ork Street Cambridge England
zP.:berbach & Sons, Ann Arbor, Mich:.gan, U S. A. o

' 41£‘1: . :_vs:



Percent Recovery Studres o

G L ;f;¥};1353;. _
Blank blOOd and ﬁrlne sPec*“EHS were obtained for the

o"' “

1ﬁ*percent recovery studies.~ In order to get essentzally ﬁﬁﬁiﬁvﬁrj‘

:»'g:‘?'.'non-hemolyzed whole blood arterial blood from the ab#nal

'3;;aorta was collected 1n a heparinized syrznge.- A portion S

*

TTfof the blood sample was centrxfuged to harvest clear plasma.ifugj;**f

“fiThe urine samples were 81mply dlluted frve-fold WIth dlstllled

‘ijwater. Slx reference solutzons contalning known amounts Of

S ¢ - C
';'methlsazone in l 4-d10xane were placegggn 15-m1 glaSSestoppered
_-;.conlcal centrxfuge tubes, and 2 0 m1 whole blood plasma, '

rfor dzluted urrne added to each tube and ‘the! volume adjusted 'ﬁerE;j‘
ffito 10 ml w1th l 4-dloxane.3 Slmultaneously, a serles of 51xlfih37
ii;ireference solutions of equlvalent concentratlons was prepared

:dfThe samples were extracted as descrlbed prev1ously under the
xzitextraction procedure.; The ratlo of the amount of methrsazone ifﬂ'¢’°
.&recovered from blologlcal flulds to the amount of methlsazone f{?

'}_'present 1n the COrrespondlng reference solutlons was deter— -

{;}mlned The quotient of these ratios multzplzed by 100 gave‘b‘g;3;¢(
":the percent recovery of methlsazone. In the case of 1n-"¢f
'ﬂjcomplete recoverles from whole blood, plasma or ur{ne,

fcallbratlon curves for methlsazone ln whole blood plasma.'_““w

3?fflor urlne were constructed so that methlsazone levels could erT
gbe corrected for recovery losses. ﬁrfﬂiﬁj,jZQo
B i .L’,-, . .

} Reproducibilrty of the Extractlon Procedure

'To obtaxn an estlmate of the error due to variatlon

”fln\the extractlon procedure the reproducibility of the




“flmlned by analyzln ,replicate samples

o~

"of methlsazone had been addgd ,;f
o Preclslonnof the.Measurementldiihif:'umi;ﬁf-h,ﬁ;{__*ff ]i
In order to determlne the pref;ﬂlon of the method of ;_ : ;f
rahaly51s, nrne repllcate ana1YSes were run on, the same bloddw‘v’ -

”vl:sample. The prec151on expressed 1n terms oilthe coefflclent o

‘f~of varlatloh was calculated accordlng to the follow1ng

.'.-'

"formula..’

cOeffic1ent of Varlatlon —.Sténéé?d 3:;;3t1°n_x‘loo

E v,('E'.q.'-?23)" ;-' St

R -4

2. . Colorlmetrlc Determlnatlon of N‘-substltuted Sulfonamldesl_

in Whole Blood %b,,

The most commonly used coldflmetrlc method for the IR
) ( S r A

: 'quantltatlve measurement of N wsubstltuted sulfonamldes in wf R

(98) This

”tblological flulds 1s that/of Bratton and Marshal?

'analytlcal procedure 1s spe01f1c for aryl am;nes and is based

.,\; . RV -

r;vupon the dlazotlzatlon of the prlmary amlno group attached

-

“Hf;to the aromatlc r1ng at the N“—p051tion. The absorbance

't, of the colored dlazonlum salt was measured at 545 nm..“§h~%“
:-fthe present study, thls method was selected as the method ﬂfftﬂ{f"
f‘,of ch01ce for the quantltatlve determlnation of sulfonamlde

'd*levels,an blood



s A
S

Calzbratzon Curves Q?iﬁ.ui - ERN N ”
. -;One'hnndred mg eacgtof sulflsoxazole and sulfamethoxazole.”'
prevrously dr1ed at 105 Cvfor 54pru were accurately welghed S
and Quantltagfvely transferred to 2000-ml£volumetr1c flasks.tin.‘.

The powders were then dlssolved in a. mlnlmuh amount of

‘rltimethancl and dsluted to volume w;th dlstllled water.: Sult-._jﬁfﬁih

able aliquots of thlS stOCk solutlon were further d;luted
w1th distllled water to obtain standard solutxons 1n the _ |
2 5 100 mcg/ml range.; One ml each of the standard solutxons a }ff
was plpetted into lo-ml vi@metrrg flasks. To each flask‘ e
0 2 ml of 15% trlchloroacetlc ac1d was added followed by
1 0 ml of O l% sodlum nltrlte. The flasks wer? stoppered
and the contents mlxed The mixtnres were allowed to stand
for 5 minutes before the excess nltrous acxd was destroyed

L

by the additlon of l 0 ml of 0 5% ammonrum sulfamate.;gxsgwi5”"

- soon as nltrogen evolutlon had ceased l 0 ml of"O 1% N-_.

x.‘ o

(l-naphthyl) ethylenedlamlne dlhydrochlorlde was added.-4
-After the color had developed the volume was adjusted to
the mark w:.th dlstllled water. "-’A reagent ‘lank was also
prepared All the reaqents were freshly prepared heii._;
absorbance of the standards was measured 1n a l-cm cell B
agalnst the reagent blank at 545 nm., u51ng the Unlcam |
SP 600 spectrophotometer.: Standard curves Were then cOn;TToct' :
strncted by plotting abSOrbance‘as a functlon of concen-brff?
strationieil S LR e |

: ‘.I




"‘V%ﬁfhemolyzed with 1.9 m of diétilled water:h\ls-ml glass
’"iv}stoppered conical centrifuge tubes

';dyofeIS% trichloroacetic acid was added followed‘by 6. 0 ml

B

-fyﬁExtraction Procedure

'“ffOne hundred microliter aliquots of rat whole b1°°d were

'::To each tube,z.'fml

”defof distilled water.}_”he stoppered tubes were horizontally _
"yffshaken on the reciprocating=pechanical shaker for 20 minutesx4'” e
"éiafter which they were centrifuged for lO minutes at 3000 . E
4b.r p. m.} The proteinwfree supernatant liquids were Iecovered by Dol
H aspiration and 1 0 to 7 0 ml aliqupts of these were analyzed |

5by the colorimetric proggdure described prev1ously.”‘ﬁfd“7“ﬁy£

Percent Recovery Studiesf'éf:

Blank blood was hemolyzed by diluting it five-fold

’fwith distilled water.; Six reference solutions containin%;':i
~'fknown amounts of sulfisoxazole or sulfamethoxazole were placed ;
:bin lS-ml glass—stoppered conical centrifuge tubes. Two ml “
. of hemolyzed blood was. added to each tube followed by 2 o

'ml oi 15% trichloroacetic ac1d and the volume was adjusted

g .to 10 ﬁ ml with distilled water.. Slmultaneously,'a seriesbirifff”ff

L of ;i* reference solutions of equivalent concentrations was o

"““gor sulfamethoxazole from splked whole blood was determined

vprea’red._ The samples were extracted as described previously
,iPernent recoveries of sulfisoxazole or sulfamethoxazole from
f4~WMQle blood were determined by the method described under 7,};~

.percent recovery studies.

Reproducibility of the Extraﬁtion Procedur

The reproducibillty of thefrecovery of sulfisoxazole

;}iby the procedure identical to that described for methisa“"'.



RO F BIOAVAILABILITY s'rnoms

The in vivo availablllty prolees obtalnedffollowlng

oral administratlon of the oure drugs, soﬁnd disPerSions,fffif%-g~

3and physical mlxtures were compared bv estlmating the rate~ﬁﬂ7ff;*r"

'ldiiand extent of absorptlon rn the rat hased on the evaluation

'-fffthem ln cages; The'“b

'?71‘However,'yater waa removed from uﬁ% anlmals one hour before

e;of blood levels and urinary excretzoq data,:ff;rfwu

“!t;i Protocol for Szngle—Dose Oral Admlnistratlon to Ratsri“lff*51?7‘

Adult albino male rate of the Wrstar straln welghlng

“between 350'500 gﬂweregi ed as. the test anlmals il"h

Ly ,’ b

P IS g , g;i;:\ . X E

ff'the"comgenceﬁent of the ex@eﬁiment.- Blood and urzne specx—:ef;f;fu;j

f;;fme collected prlor‘te%drug'adminlstratlon were treated

";jjas the blanks.; TheJanlmals were glveh by oral intubation .

‘f;fwere made in a 0 2% aqueous solutlon of methylcellulose_;e v

"fa single dose of 500 mg of the drug or 1ts equivalent per 'feuﬁyg;f

vkg body weight as an aqueous suspension.w The suspensxons

*fﬁfjust prlor to the time of doslng., All doses were prepared

SRR AR

iﬁ‘Intubatlon was’ carried out by means of a ls-gauge needle
which was 7 cm long with an . external diameter of 3mm




intervals of o 25 0.5, 1, 2 3 4, 5.."'

follow1ng oral admlnlstratlon of a slqgleodose.i No drug

4,.

nA zgo ml allquot of each

':‘5;;‘% heart by cardlac'f"“”ture.i

' otnon dspagpes previously wnder analytical vmcedu%e-- ,,
'ZHZEé¢ﬁf51 ; __f"lmﬁh wgs analyzed in duplxcate, us1ng blood ‘

‘”;ﬂzone weﬂe assayed concurrently w1th unknown blood samples.~e"
Sy ARy S e
‘*mEstimatlon of N‘~subs£itutedggulfonamldes'__ 'i’g; f_-”;ah_*-

R

. Three anxmals were used ln tth study.e Each an1ma1 :
}gqu treated as his ownfCOntrolf ’aﬁgpd specimens were db-‘- :ff
tained prior to andfatdapeC1f1ed tfhes after Qralﬁadmlnxstra-ﬂ?féﬂ

eftion of a single dﬁ,e;h
S blood s 1es~vefe w;t-ff wh £
l(/x amP . axaw

. . .
PR 2T .

heparlnized disposable;_wﬁ**

’Sl;y Agamsé Becton, D;cklnson aggicbmpany, ParbePaHY'-~;“;iﬁfjféi-
A:, Ty S SR s LR ‘ ‘ R




teach tube. The_VOlume'wasftheu adjusted to‘lo-ml'with e

'ff} procedures.u

7;3' Urinary Excretion Studies iﬁflijj~;?£:"”:

i

Urinary excretion studies of methisazone were conducted

“lii under uncontrolled urinarggpx conditions usipg three animals.ﬁr},ﬂfi?

The enimals were placed in 1nd1v1dua1 metaboIlic cages,»v?'*57””

and allowed to fast for 16 hr. Blank urxne samples were

L;lwg collected prior to the oral administration of a single dose;?gfr~ S

P

Urine samples were collected for 72 hr. except 1n certﬁln»u?fﬁV-"

instances where urine was collect d for 96 hr. Both the *-*Tf RO

urine and the washings were combined and transferred to fﬁ}tii};f*f

25~m1 volumetric flasks., The volume was theu ad;usted o

the mark w1th distilled water.x The dzluted.pxin”zsamples fffafﬂ}gqff
o N e

were then centrifuged for 10 minutes at 3003'r P- m.,and 'd"glggjfff

2 O-ml aliquots of‘these.were énalyzed by the method

aespribEd pr°V1°“51Y “nder anﬁlytical procedure.;,gfiﬁff

- \



RESULTS

TA; Y THERMAL ANALYSIS STUDIES |
Seklguchl et al (99) have proposed three methods of

”';sample preparatlon for thermal analy51s.' These methods may

= ;fbe referred to as the phy51cal mlxture, the fu51on, and
' -the solvent evaporatlon methods.; The authors also rev1ewed

e -

t_:.ff?'”fthe merlts of these methods with regard to the determlnatlon e
. B Y . Ao

lfxof phase dlagrams. In thelr opinlon the presence offa large

”,s;;;ace area in botp the fused and evaporated mlxture sampleS»

o Q- S e
.V'j:would cause meltlhg to occur at the correct temperature,y Hd- L

oy

3hence data obtalned ‘on these mlxtures wduld be more meanlng—

- /

S ful in constructlng phase dlagrams. It 1s belleved that I

¥ ’ . ok

. ‘ /
'samples prepared by the evaooratlon method may/show better’

3thermal stablllty than those prepared by the/fu51on method

"

:Certalnly 1n those lnstances where the components have
:j,,‘ j’ga tendency to decompose on fu81on, the evaooratlon

“*rmethod would be lhdlcated for thermal analy51s. Chmou'

KE

"?Qand N1a21 (19) have lndlcated that the 1nterpretat16n
g ::of pnase diagrams constructed from data obtalned on phy51cal _"

a}fmlxtures alone can be 1nconclu51ve or erroneous 1n conflrmlng

L '_lj]the eXLstence of solld solutlon formatlon.‘”h

[}

'l.fﬁ Callbratlon of the Instruments‘-fh}, ’;a:,f‘\;,*nf/'

The operatlng condltlons for th' Flsher QDTA1 are llstedr;v

'*junder Table I Q It can be seen frém the tabie that the sen—

L3 .
,v‘ L . . : S ~v '\.' . C ". ~ ) L - » . - .

ﬂ.}Quaﬁtrtatlve'dxfferentxal,thermal_analyzer-;



: iOperatlng Conditlons f6r the Fls'b
_'Thermal Analyzer R .

| ~;9ﬁd.f,.. - Pt
'~Vaﬁiablésv~ Standards ff13”fSXPaviff7 .fSMcafff,f3§[3M2dréﬁ*J:""'

o éam‘Ié?Siieé“;'ls 0 mg ,;758403#9',_;J 5.0 mg ;:5}5 0 mg

\#rwiBeferenéé:,:'daEmpty Pan gf'Emptf'Pan' Empty Pan j;fEmpty Pan

’.f.;zinc-.a_f’ SERR 471:0‘:v33ff93“‘<.' ,7'  2.07%0. 15J;

'NfAtmOQEhére: :,~Static Axrya'Statxc Alr‘ Statlc Alr kStatxc A;r,a”af53
.Chart Speed- - l'ln m;n'»_ -0 5 1n mln 0 5 1n mln gO;SJ;n;min:,

BRI

P 1' T oy
Program Rate- 209C_min L 20 C min~ "VlQ°C mln»<‘_?L0°¢wm1n:_;

@
iie

; ‘Sen§1t1V1ty f :J'_;]S";:” .‘s' : ;'. ;ﬂ:‘lggé““  : -
T a1 T R TR S T
AT —a_\_:; 0.3° C in ~5 0.3%¢ 1n., 0.3 C inl +0.37C in -
| T‘f,fﬂl 13. 79¢ in"! 13. oc FLNEBER 7°€'1n 3'513;7¢c3ihff»

 § S ‘1 v g

faFIsher calorlmetrlc standardj/‘ Sulfamethoxazolg

o bSulflsoxazole.ﬁ dMethiSazone.f*’

“Calibration’ Data® farﬂbhe;F sher Quantltatlve Differentlalff
~ Thermal Analyzer ; , R :

ﬁ' — - 5 4

‘JCaLprimetricv" Fu51on Temﬂerature,;A Callbratxon ?O&ff*CleDt, _‘ :
Standards = - .t4, 00 S e mcal deg min v 0 e

' Naphthalene Z}”‘ 84, of B X1 N 08_‘1,@f1*

Indium _“' 155. o;a:ﬁf'yvj“z'f,-,a.'?l 34:0 04

'ﬂLeﬂd:i“;, ;. 1 R 323;021”1vi F.anb_ i 1;a1;74£d}26*

Mean values from three thermograms with standard deviation

o



RS P,
: .-.,r‘ar

:E{ﬁ;;;'i5i;i;f};pliidgi,;'ﬁ -
0

ity of the- 1nstrument was kept constant,throughout the;fﬁ L

KT BORp—

Slt

iﬁ,investigation.; The calibration data for the Fisher QDTA are'f}‘

':; summarized in Table II. The theoretical heats of fu31on used

'f in the determination of calibration coeffiCients were 35 06

"ﬁ in Frgure l In order to confirm the validity of the cali-rk-'rj

ey

6. 79, 14. 24, 5. 50,,and 24 40 cal/g for Naphthalene, Indlum,,:”.'

Tin, Lead and Zinc respectivelv._ The fu31on temperature

fer each standard sample Was taken as the extapolated peak

N}

temperature of the endothermic peak._ The plot of the cali-""'

N

B v

bration*coeff1c1ents Versus the fu31on temperature 1s shown\'

ok

bration, the heats of fuszon of two reference substances,-“:"h

benzorc ac1d and sulfathlazole, were determined As can be :

e
e

seen from Table III the observed values were in agreement

w1th reported literature values (92 93)..'

Thevdata for the calibration of the Thomas-Hoover
’ \-.

Capillary Melting Pornt Apparatus is presented in Table IV
and the calibration curve\fgr‘tqe 1nstrument is deplcted

in Figure 2.~‘”52 'fo -flxgé?f’-'v*ih R J"iv:'""f'

i B

vf2 Construction of Phase Diagrams

N

The constru tiOn of phase diagrams from data obtained R

for solid dispe'51on formation. Sekiguchi et al.;(lOO) have
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CALIBRATION COEFFICIENT, moal deg’

R

| 2o
. ‘?;f.'af

msmuuam

. SAMPLE SIZE:
REFERENCE
ATMOSPHERE
'HEA’TING RATE
— CHART SPEED:

~ SENSITIVITY:

‘AT -o03cCinl @
| -_,1-137°c|n1j 3

FISHER: menmn.vzenf} [

15.0 mg

 STATICAIR -
20°Cmm -1 oy

“1in min 1 »‘

l ‘ ' ‘_a‘ b_ 4 r

" ENPTY ALUMINUM PAN;' i

00 - 3oo T

1}‘

.g PEAK TEMPERATURE”

B B

e D’I‘AInstrument




r

Calorxhetrlc Measurements of Reference Substances ;i

Observedg .Reported
'“svf.mséé.ﬁiﬁ.“ﬁ+g7§t<f

-
Ll 1260000 o 122400

'%ﬂFusion Temgé?

RS

'”f'eHeatiof:Fuslon (céi/§5?7'[7e:;1”ffi!3s37??9. ,<u{';?*33;8?ﬂ/j,xxv-1“

;;fSulfathlazole ef,114’~,-fv-ijff-” 'fff~yiffkf:jff R
»iiTransxtlon Teméerature (°e) | _eff 167 Oofifee?.wjgfijdb"
:‘:_Heat of Transitlon (Kcal/mole) e 1 47;i;f(fﬁﬁ? 1 42
”'kFu31on Temperature (: C) ‘;,aV;i_E 203 003 f  200 00

':-~Heat of Fusxon (Kcal/mole) v,g;lb,',”7.;4ef *  ;' 5 97

- Average of three determlnat;ons

TABLE IV

iy

;” Callbratlon Data for the Thomas-noover Caplllary Meltlng
;”P01nt Apparatus L L : : ‘

R

-
.

'Reference"L“_7 1f':f"f:7 L Meltlng Po;nt,,,cu'ffff |
Starkdards L Expected e Observedb

K Van%llln Zefif];v,lle__ f. 83. o?efe-u?gjf@;f;( 83 8 i}~}
“7“§,fAcetan11id E_].e?jﬁtfﬁfxfaf'. 1;6;0;k:uﬁfffffu;f7u “116. 2“5}f‘
*ﬂfAcetophenetldln é vieJuulei:€-136:0 1fhu!‘fi?.uf;;:€f136 7 :

o Sulfanilamlde ”;eieyégfirf&;;lsﬁ 5 [57,.fafil¥**75155 5
.’Sulfapyrldlne f;lf{ﬂf"[fiff?193 o;;f,fﬂfuﬁff6;7e:“?191 9 .
.::i;  Caffelhe fff.1;i5 i:fu'::ve'7;237¢5ff;227ﬁ”;“ge{re;e&235 3 ‘“ .

;;;e Agghur H.xThomas Qo., Phila., Pa,, u.s. Am_iiﬁ;rff:}"
2 Average of nlne dEtermlnatlons o .,.¢v,;tf)$* :
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.’r“jan extra endothermic peak at 100 C.I-
'L»"a deflnlte shlft of the major endotherm to a lower tempera-it“”'

"-mture was | obs

“.:fthat urea partially decomposes on melting ‘and. subse-7~""'“ :

‘f.dffwere used throughout the present investlgation.; Phase dxa—;;’"

7 During the rnltlal dlﬁferential thermal analj%
“iwas found that a re—run of the re-solldlfred ureatiamplqg‘ﬂ'dffs”

hobtalned from the orzginal run yielded thermograms showing

-.‘,..\,

In addltlon to thrs, *"

rved 1n each case. It can be seen from@Flgure

'h3~that,’o{ 2veated DEA runs, the thermal effects of the 5ﬁ5J.'N“'T

'j_extra endothérmic peak are magnlfled Thls melles

:enquently forms a eutectic mlxture wrth its thermally—decomﬂz;ed
; T

~..jfract10n. Because of the decomposrtxon of urea on exposure S

P
. B

’ato heat the use of samples prepared by the fu51onfﬂethod

__was precluded from thls studﬁ Instead evaporated mixtures{ﬁprt’"

7lgrams were constructed by plottang the thaw and meltlng 901nt

',temperatures agalnst correspondlng comp051tlon of the blnary

<m1xtures.ﬁﬂf'r;.i f;ivs;fdfd;af~fg;ﬁp'gfg,; - _fw[fv 457l3f54

Solld DlSpeISlonS contalnlng Urea vi¢,~ '

: -

The caplllary meltlng polnt data as shown 1n Tables V

R

'=’fand VI were obtalned on the evaporated mlxtures.i The phasefQ?}{f_a

-gdlagrams for the sulflsoxazole-urea and sulfamethoxazole—5f'

",furea blnary sysﬁfms constructed from the caplllary meltlng

PR 1

ks R i s s - RS e
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Capillary Meltlng Poxnt Data‘fﬁf Phase Diagram of ISR RN
"{ Sulfisoxazole—Urea anary System, S ,_Hiae-~’l” SR R

. _ 'ueraturea,gFCfiV";;
L Percent . //f/Thaw ° . ‘Incongruent "’ il .7t o2
sulfigggazol//‘ Pointh3 ‘Melting Point Meltlng Po1nt

e

S
T

0.0 ,'p,~f.. 135 ouffi.p:i)§7 "f5,ffffi]?f?;g ,13110
2.q-g,f=”f'f 132. 2fpﬁfe OB ;}¢e?;g 13610 7g,
5.0 5ff4,,132 o*;},:i_' ;lef';gfﬁf‘ﬁlw'f:iBSyp o
| e a0
'ffplsi;of,,:ag :1z.fﬁ5\:3ﬁpﬁ?’i33~bg_ii

B

1000, 13100

-i 55-0-”;: | f_;:lsl.b | -,-i"JE*u;,=flﬁ¢f}€fff“?132$2"1'

'_"530 0" ‘f,. 3L e aag

| 500 3 f:" L2000 e w0

_5f7°;dp‘j;:geﬁ 138, QEfﬁfe?f:iél;éo:* - '9pf15110» gil,: -
‘s0 1 138070~ 150.0° ‘f'f_p7.;168'6 S

_@_go;oj,zgf-_j, 164. ofeflﬂ: CeF i ‘;;palal 0 |
inOiPJi;;f w20 20008

Average of fmve determlnatlons
bMelting point of pure urea _ , T
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“'_ urea- binary system., these thermograms were used in the con—f

p01nt data are shown in. Figures 4 and 5 bTA thefmagf_”“*'*'“

of the sulfisoxazole-urea system are depicted in Figurefﬁirtziﬁ'y'

6 and 7, and those of the sulfamethoxazole-urea system 3
| Figures 8 and 9. The thermograms for 100% urea, 100% =

famethoxazole, and 100% sulfiséxazole exhibit fusxon peaksifz

at 134, 165 and 192 C, respectively.' These data compare'd
{ favorably Withﬁiiterature values of 136 C (19), 166 3 C

and 195 C (101), 1ndicat1ng that these compounds were of

AR

' !
v

’, z;tisfactory purity. ;gi;ﬂvw-i"f

A phase diagram of the methisazone—urea binary system-

as constructed from differential thermal analysfs data e
"”}-tained ‘on theievaporated mixtures. The data for the phase

”f5gram, as shown 1n Figure 10 are summarized in Table VII.

el

Figures 11 and~12 111ustrate DTA thermograms of the methisazone-d o

struction of the subsequent phase diagram.nz'

L —- P N

o

Solid Disggrsions containing PVP

‘; The thermal analysxs of binary systems containing PVP
indicated that there was no phase relationship between the

components involved. The effects of varying amounts of

i

PVP on;the melting POints of sulfisoxazole, sulfamethoxazole, :T;

-.7

\

and methisazone are- allustrated in Figures 13, 14, and 15 o

rx:respectively.3 ;;'”"

O S
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B, EQUILIBRIUM SOLUBILITY s-runms

-i Equilibrium solubility studies were conducted w1th a 4lfff7i

- view - to determining any possible interaction between drug

| and carrier in aqueous solution as well as the significance 1<

..of the SOlUblliZlng effect. The solubility method described

»'by Higuchi and Zuck (31 32 33) was used to determine the

B thermodynamic parameters for the urea and polyvinylpyrrolidone

5comp1ex1ng systems. The average molecular weight of the PVP,;;

f,lused in the present study was approXimately 40 000.::~-c

. 1;: Theoretical Considerations 15'-jjc_k$

. \\\
Sl -
~

— 7

According to the law of mass action the bimolecular

{7"interaction QetWeen drug and carrier may be represented as-

S pen ' kl o S f"“ o et
e W . * C\ e D!?,_'-C (Eq 24)

‘where D 1s the drug,_c is the carrier, m- is the number of

EN

'moles of drug, k1 is the association rate constant and

rkg is the dissociation rate constant : The association equi— Co

rd
e o . .

Flibrium constant, Kaggfor the interaction nay be written as-fin‘

. . R o . R R . . m R 4o . 1’-;'_ L v .
ran “i St d- t o (Eq-?25)

&quilibrium constant for the complex by the use’ of the

following relationship (102) o ljfi ﬂ-~nﬁ o




:n”fﬁhéfaﬁlf;"‘

. -
o

w_

D= total molar concentration of drug 1n presence of -
carrier '7&‘- R : o
bs-= saturatlon solublllty of drug 1n moles per llter
‘in absence of carrler L Cnen R
.Co d%ﬁglnal molar concentration of carrler added
- to}the system _ . _ :

-

Dlvxdlng both the numerator and the denomlnator of the

‘o IR

Sy,

Cor Ve have- VR A 3 o

—As can be_seen from Eq. 27 the assocxation equllibrlum
- S

;constant,K ,‘can be evaluated £from. solubrllty measurements'

by plottxng drug solubillty against carrler concentrat1on. tfu7f
rfWhen a. plot of the totpl molar ccncentratlon of drug,‘D 7 |
versus the orlglnai molar concentration of carrxer, C - ylelds;

l-a stralght 11ne wmth 1ntercept D and lepe equal to f»“'

. om

H(D -.D, )/C Eq. 27 may 51mply be written as-""'"f;”

e AT o Elane) .o
L(Ds)"(m '31°R°’~ [ 5 n_*. VST
: \\' :., - :

k 'Connors and 'Mollica (102) have pointed out that if the

'fhelope of the solubillty‘%lot 1s less than one, then thef

‘complex formed 1s of the 1 1 type.; Howeber, lf the slooe"'
'is greater than unity, then 'm is probabl&\equal to 2._

'tSimllarly,vxf the value of the slope as greater than 2 then"

RER L S

second term of Eq. 26 by the original carrxer concentratlon,eff~

v\"" ! ot . . : -» ’ EtN L

Ry o AEq.28)




'-_value of m is probably equal tp,3._ These authors have also -

"-'indicated that the solubility diagrams may show either-ﬁ75ﬁ*
jlinearity or positive curvature depending upon whether the
:-fkcomptex formed has one or tw0»moles of carrier.tgﬁfi."j
. The associatro eguilibrium constant Ka' is related

”._to the standard.free'energy ehange, AF e by the f011°w1ngf‘

",;'\" '

‘mhum”mﬂ.“3wﬂ”mﬂ”7hfffﬂa,gm' ,

.,The dependence of association equilibrium constants onr“ f**“”535”
- temperature can be represented by the Gibbs-Helmholtz

DR B R TE L e
%%W&”W.~eqastion!ay_}';;n-;”' ‘ '1'3"._f~“' :'. ,”+t“~*‘

e 1e'gfxa?’€- £ -1'v+"._'c:dxis£ant”"? R (Bq. 30) :

3|
I

v

' '-Accordinq to Eq. 30 a’ plot of log K Aversus 1/T should e 8
T ”iresult 1n a. straight Line relationship, assuming that e -
viAﬁfO is independent of temperature | The heat of formation, .
Aﬂf ; then can be calculated from the slope of the line as
S ) AH"fé = -s'l‘oéé. :éf-'zf.»fsos R f R >_(E‘q.‘ 31)

o eWhen the values of K at two temperatures are- known, the
’?_ﬁheat of formétion,AHf 73 can be; determined from the following S

oo eequation.v‘

K, 'at 25 c*-'p"
19‘7 K, at 3\7° T 2,303 R




SRR -

:i.by substituting qg and AP into the £ollowing equa%zon.

2 ',sulfamethoxazole and methisazone in dlstllled water, as

effects of urea ana polyvrnylpyrrolidone on the solubllit“

nwere then obtained from aésociation eqnllibriuﬂ/const"jts t;y fni;¢'f
H’sdetermined at 25 and 37°C.~ The free energy changeg”:he heat
vfof formation,n‘ .

'7'fsolving Equations 29 32:

LTS

o o.‘

TjThe entropy change,,AS i3 for tng 1nteraction can be calculated

e R

'“*7,7ﬁj;ﬁji¢?j,:f? ,jrffiiff

R

OCalibration Curvas, Solubility Data and'Thermodynamlc Parameters

The data for the calibratggn curves of sulflsoxazole,.yf;;-a

depicted in Figuﬁe 16, areygyhmarlzed,zn Table VIII..“.h"‘

Q‘%in Tables A—l to Ar4 (Appendix A) The drug solni
ids as a- function of carrier concentration at 25 and ';jf;-;ﬁr;

Lol
. lotted as\shown in’ Figures 17450t 'Tne regre351on 7f'~§;)t

LIRS

o

°"ropy change were calcniated by

33 respectively‘r The data

_ ! _
obtained on these thermodynamic parameters are.summarized o

in 'ra'bleso X and x.A RIS N S e A o
t - il R - " . e O Cy 3 8?'."\'.,

i
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: lenear Relatlonship between“Aberbance agg5

L - v 8. 75

’/‘_\ 1 ) ..,<, !

in Water -

e . o
¥ . Lo, R &

“, TABLE

i

VIII
1

. N
Drug- Concentratan. .-

B N
Concentratlon;

 meg/ml

W N &

_ Absorbancea

——

1.25
2.50

3,75

san
6.25 .

7.50

C .

10 00 E

\,

R
-

0.150€0.010

.‘\\. .

0.300£0.015
e

. 0.460£0.015 .

‘0,63030;023;;'-

y

1 fT‘_Q\§l0t0 .017

C m—
)

‘6”99010 023

l 16010 021

' l 33010 021'

'--'&r-*»'

: }'

.

0.130£0.010

 ,  0£?771;fo15 

e

 0.:433£0.006

10.563£0.012

C L e
By

| 0.71310;012'

-

0.853:0.015

0.990£0.017"
1.130£0.030

| Sulflsexazoleb/Sulfamethoxazoleb Methlsazonec
o 0'07o+o'0061'f
o, 15010, qpe:[*

_0 240:0 000

. 0.33010.906

0.420£0.006

0.500£0.006

i kO;SgoiOQOOG'
=q.690&§.olof.-"'
| ”ogyabzb;doé“if*
0.8800.020 "

.+ 0.980£0.010

1.070:0.012

Avbrage of three determinations ‘with standard dev1at10n'
iPAbsorbance measured at 258 nm.'b A

Absorbance measuréd at 380 nm.
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'7fThermodynami¢ pata®

for the Interactlon of Sulfamethoxazole,'

"1;lSu1fisoxazole, and Methlsazone with PVP.

- éiopeb‘ K

"f?Sulfamethoxazole

' 25% 1.68  2.20 x 10

*ﬁ..sﬁﬁc‘_af" 2.5¢ 1.98 x 108

ot = Tt
: \ > -
‘r

'_?Sulfisoxazole oo

~0.630"- 2909

—

0.990 24691

| b‘/A/\> SRR

0.116

25°c

L.‘ i — - P

37%

'.Methisezone_;

25% 23¢3

:‘379c3 -051781. '27223f,

6

- =4904

~8706
~11846.

-4754
-6272

f‘ng"

69794
32934

1984

263.43
263.36

x
126.46 .
I

22.22
22.21

2"

R Average of. three determinations ,1_
bSlope of’ the linear plot dgtermined
squares

d
; “_,:v

~e

[N

by'ehejmethod

\'b‘.
<

L .
5

-

of least .-



‘.,measured The physical.pharacteristics were determined

JORL K . 8 g ."."..
- T . . - . .
5o
ol )
S

S C. = DISSOLUTION RATE STUDIES

All pellets used in the dissolution studies were com- ;':of'

pressed at a constant pressure and their hardness was

yand are listed in Table XI. Pellets prepared from binary
'systems containing urea were practically non-disintegrating,; S
and, consequently, the dissolution characteristics ofv;uch f
].systems were evaluated by the rotating—basket method
‘ contrast,uthe pellets prepared from binary systems containing .
"dPVP were relativelyqfastd&isintegrating. In, order 'to be .
. able to. detect subtle differences in. the dissolution/char--".
‘acteristics of the fsst-disintegrating pellets, the dis-'“xl'f
“integrating time was delayed by exposing only one - surface '"y
of ‘the pellet to the dissolution medium. This necessitated ;' N
- the use of the. rotatingfdisc method. |
| Results of(;ge‘dissolution studies are summarized in ;p'
Tables A-5 to A922.; Figure 21 illustrates the effects of 'f.7b
'smethodology on the percent of methisazone dissolved from - e

pellets containing PVE. ,The plots o_'A rcent dis o:'lfve'd'_~

- versus time for methisazone, sulfi xazole, and sulfamethoxa-

'zole are depicted in- Figures 22 24 : The slopes for both 2
-sulfamethoxazole and sulfisoxazole were calculated by the

: method of least squares.‘ The rate constants were then _

aj,determined from these slopes according to Eq. 10.; A summary.

of the. dissolution rate constants is given in Table XII,

.-t,yThe percent undissolved—time plots of the drugs are pre-'f‘

i
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Figure 22 - Dissolution Rates of’ Pux‘e Methisazone
-and. Preparat:.ons containing Urea. r
: by ‘the. Rotating—Basket Method. .
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L sentedfin:Figuresszs427 v In?those'instances where'botﬁzms

. the p percent dissolved and percent undissolved-time plots "fi
iwere non-linear, the percent dissoﬁ%ed-time data were

4plotted on a 1ogar1thmic-probability graph paper so that

perdQLt dissolution times could be determined. Figures

1llustrate these 1og—normal probability plots. The:

%
percent dissolution times data obtained from these plofs
TN

”*”iis tabulated in Table XIII In order to test the diffu81on-. : \"
*% controlled model fOr the dissolution of methisazone, the

‘

amount dissolved—time data were plotted on a logarithmic

e 4.

graph paper., The plots of the logarithm of theﬁ__ggntﬁw_.eﬂf~—~”“fI
AN ;

dissolved versus'the logarithm of time are shown in

Figure'32. - f'i ';," o | 't-' A ~,i' T "
. - L o - o e
- D. ANALYTICAL PROCEDURES FOR “BIOLOGICAL FLUIDS .

Estimation of Methisazone Levels B

i

The reliable estimation of methisazone 1n whole blood

‘plasma, or urine - depends upon the efficiency'of solvent R

-‘extraction. The relatively high solubility of methisazone
:vin 1, 4—dioxane war nts its use as a solvent for extraction.
iiIn the present stud? 1 4—dioxane w selected as. the sol--
"vent of choice because° (a) it does not absorb in either ’
.iultra-violet’or visible region between 220 and SQO nm, v"f'l;f - -
'(b) it is miscible w1th);ater in all proportions, (c) it M -
'causes precipitation of proteins by dehydr ion and (d)
::it is often used as ‘a standard solvent to solubilize bio—
-’logical materials such as plasma, serum and urine, bfv:'” f:lfﬁ;”li}?

- . Py
e . . . - s Y



ERES | o METHISAZONE—PVP

- 99 %  SOLIDDISPERSION PHYSICAL MIXTURE
] RN oaownne—aAsxer B ROTATING-BASKET
T 981\ - AROTATING-—DISC | onQrA_ﬂN_G-msc g

I

)
‘o
N

l..

©
O
|

PERCENT UNDISSOLVED
R
;

_. ol

Figure 25 - Semzlogarithmlc Plota of Percent Methisazone
"Undissolved from. Methisazong:ggi?vinylpyrrolldbne S
) ”Jaxnary Systems ,:; \\\\\ R

. n . P 2
/ ) . B ) . . 1»-\‘”\



.99

98

'PERCENT UNDISSOLVED

' containinq. Urea.
Method.

97.

100

E

\E'igure 26 - Samilogarithmic Plots of Percent Methisazone" '
Undissolved for Pure . Methisazone "and Preparations o '

. Dat.a Ohtained by the Rotating-Basket

g METHISAZONE—UREA ~— 0 .

W SOLID DISPERSION e A

_ OPHYSIGALMIXTURE ' /[ _ e
. _*,wnsusrmsaxzone -\-‘\\\1\ T
 ODISTILLEDWATER =~~~

- Ao.omTwseuaom DISTILLED WATER T



S 00

4 L . . o

llq,

T ii'_j? 

ROTATING-DISC | ROTATING-—DISC ‘-
O METHOD. | .''  METHOD

| SULFAMETHOXAZOLE~| - 'SULFISOXAZOLE-PVP
e PVP AL BHYSICALMIXTURE
-} paysicaLmixrure. | T T
0 Y2000 12 g
S " HOURS =

T

_PERCENT UNDISSOLVED

s

Figure 27 - Semllogarithm;c Plots of Percent Undissolved
as a Function of Time for Sulfamethoxazole ‘and. - :
Sulfisoxazole Physical Mixtures COntaining PVP,

Q.‘....
. .




LOGARlTHMlC SCALE

ot METHISAZONE—fPVP SOURTEE R

gug mggensuon mvstgt. MIXTURE =
l ROTATING—BASKET onom*rme—mxs*r R B
mnrme—olsc f 0 ROTATING—DISC "

o
l

LVED
oo

PROBABILITYSCALE .~ .

”Qkkasg)'hu' ' T S

N

 PERCENT
- N

.9
N o -
~

ORISR OO [ TS W W R
02 .. - 05 1. 2. .3 4567

;"~Figure 28 - Log-Normal Probability Plots of Diasclution
- "Data from Methisazone-Polyvinylpyrroli‘ﬂone Binary
‘ ’,',Syatems o o R

.




102 .

;_-LQG,'ARITHM:ic,__scAté R

30 ‘-.-' .PURE METHISAZONE i 'ﬁférﬁlsAzou's;uth, o
-_2-0‘;. '@ DISTILLEDWATER . @ SOLID DISPERSION

| A OOI%TWEENSOIN - = O PHYSICAL MIXTURE
jo b DISTILLEDWATER - ° -

L
wom———p

PERCENTDISSOLVED = = =
'PROBABILITY SCALE EEE

EEER TSN NN AN TR O
6 12 . 24 48729 a4
A : HOURS " o

. Figure'29f; ﬁo Normal Probabillty Plots of Pure
Methisazone and \its Preparations cont’aining Urea.
‘Data Obatined by the Rotating-Basket Method

. ;:{‘ :



' HUL()._'_G.AR‘I'II;HMI'C‘*SCALTE -

B I

T ROTATING—DISC METHOD
RN _SULFISOXAZOLE—PVP.
.k’ PHYSICAL MIXTURE

¢
D

cer

PERCENT DISSOLVED
'PROBABILITY SCALE

‘:}° 

02 . . o5 1 2

Figure 30 - Log-Normal Probability Plot of Sulflsoxazole- ,
Polyvinylpyrrolidone Physical.Mixture :




* PERCENT DISSOLVED

.‘_.L,OGARITHMIC:;'SC“A.LE -

 93,;;
 95 ;71 

90 |

204

w0

ROTATING—DISC METHOD S
SULFAMETHOXAZOLE-PVP
PHYSIGAL MIXTURE ‘

0k
60 -
soF
40 |
30}

oy

,02

Pigure 31 - _Log-Normal Probabil ty Plot
-»~Sulfamethoﬁazole-?olyvinylg/rfblidone
&gpysical Mixture SRR

ﬁ

—

ITYSCALE" .~ .

-
{

 PROBABIL

1p4fi

Q



e s e og usem 31070 mcﬁa«mwcoo 29308 uoaaqumqam
L , : S mu:m&mmnm o3uT- vowuummucﬁmﬂw muOﬂHomu

e pou3en. 3eyseg-butieio,

R L S e > ‘ o i : coﬁmz omaa:mc«ucuomu nw_ .,

_ymwﬁw.EU ocoa = wsaao>dw,

50S°S | emixTW TeotsAud . ‘and - SUOZESTUIGH

mh N.mw - .,w=0ﬁwu0muﬂn P¥TOS  *dad . - 0:@ndmﬂnuoauui

. ,.u. ,w,>_woomww> e ..musuxaz Huoﬁmmnm;,q woxn R m:oumuﬂsuaz._
Lo ootes =oﬁmuomuﬂa mﬂﬁomw, Ceezn WH”.. onouuuﬂnuuzw_

.:_g;m;w.h._,nmoc 9¢ . R e . R _ e R S

-

S 00T _wuauumz HMOﬁmhnmﬁ_.i”rm>m__J. m. UAOudeuﬁmdam;”

-~

B T R T oo.w,.“unoumuemman PITOS . -ana fmm uﬂm.wauﬁwasmx,
cseT ,munuxﬂz ﬁnoammsm._.z_qmpmw_  mnonuxoauuauuﬂsmm.mquumm;,
o g R I Lo
oo.m.. .=0ﬂmuumman cﬂHOm.wg, mmbm;_m uaounxonuaeuMAnw.:

Wﬂ#..,muz.w_.au HH___ __pﬂnw.wm. . wa,f ._.oma%_.u_ ;.u Edummm m_ - @uwwuuﬂuv_ mﬂw4 wvua

munom :ﬁ ueﬂa =0ﬂu=ﬁ0mmﬂn M




. _' | -. : , . ‘ .I . '. - : ’ }4 . 106‘ v. '~

W

T T

' SLOPE = 05815

/
.. [
B L

kol

—stopE = 05773 ) T,

- . "-‘_ . Y .

1.0 S .
— SLOPE = 05851'_ -
) / METHISAZONE—UREA I
L B SDLID mspeasuou IR N
s | I . ruRemeTmsazoNe . - o
PR T ‘DISTILLEDWATERv
c S B - A 001% TWEENSOIN .
N SR : ‘)1 -~ DISTILLED WATER

AMOUNT DISSOLVED,mg~ ~_

VR

‘s 10 0 200 400
P ©HOURS o

T R A T IR
P . Figure: 32 - Relationship ’Between Logarithm of Methisazone -

o Dissolved and Logarithm of Time. Data Obtained by the :
"L’Rﬂtating—nasket Method. | |




107..lVf]1?

| It,hag been repdrted (97) that, as a result of 1nurhjg}: :

jmolecular hydrogen bondlﬁﬁ} methisazone exerts 1te antivrralgjiVl.
4'{factivity in the form of a‘resonance-stablrized hydrodhn-ﬂ_i7‘!lf'l
7‘§f.bonded structure. The chemical structure of methisazone 1S:in;;;[*-
g?eISSPwn in: Figure 33a As shown in Table va speptrophqpometrlc lfjfiyé;
”:ﬂ,vll=finvestigation on absorption charecterxetics of methﬂsazone » ;
B "Jin chloroform, toluene, and 1 4-dloxane solvents re realed
m;#; for ﬁeuhlsaeone

~ in l N NaOH-dioxane (50 50) solvent system and in chloro-7i*"

fiﬂygg, Zthat maximum molar absorptiv1ty values, €

:?form are comparable.-.f; c o

o |  mmmiE xrye | 7 S
Molar Abeorptivity of Methisazone at Maximum Absorption R
in Different Solvents . e Lo 'ﬂv?.“w

'lbﬁ;f?.f.if.chloroform V;ﬂ oo T 370 nﬁ.v"‘j:“ﬁ§é9é0<[lﬂifliﬁii}€j
s 3 Toluene: .. T Z.Cﬂf,iiu\,iﬁ;370:ﬁﬁ: et ”‘17689:'f;v, ’ |
7gf,nioxane:} ?ﬂ-'-u.‘k R fi‘{‘*'72‘360~nﬁ~ﬁy 17689 ¢ L

1 N Naon—dioxane (50 50) 7;7 '”izofdm,';l' - 20388 .o

FEREN

It wn_/found t?at a solﬁtion of'methisazone in 1,4-

diOxane developed a qaximum color 1ntensity immediet:} fg"}u ,1ﬂ_f;?

iuwhen mixed wi3lyﬁ:N Naon solution in equal proportfo s.'ee”l

'f~b:be stable for‘et leas five minutes. Methisa-j

Aa%;zoae in l N Naonidioxane (50:50) aolvent system obeyed ,
1Sﬁ’Beéa: s law over t£f”concentre£ion renge 0 5’} 12 mjg/ml;ﬂf’ B
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‘ Recoverles of Known Aniounts of Methlsazone Added to
. Blank Whole Blood Plasma, and Urlne : :

| mamie w

N

: 'v"ﬂtf‘ , Recevered;‘%"l .
~ Added, L e ————
“mgg/ﬁl : Bloodé‘ Plasmaé" Urineb
2.00 - 61.45¢3.36  70.3088.10 ©  88.2482.95
4.00 ' 69.00+1.20 )»73;9514495 95.52+1.80
6.00 4.1422.78 78.12£6.33 ”qs.gbxl.zo o
é;oo%'  73.9422.17 77.504.14 -97*oo£1 50;‘_~d
110.00 76.30%1.43 - 78.78¢3.13 9. 50:1 20
12,00 78.40£1.00 79.66£2.25 98 00£0.60

Average of

b,

seven replicates with standard deviation

Average of three replicates with standard dev1ation.

‘110



";The IUW‘values of standard deViation indicate that

f‘reproduCLbility of the extraction process is reliable.

;':fThe data for the~standard/curve of methisazone in 1 4-‘

dioxane are qresented in Table XVI. The cal ration

'1curves f'r Spiked whole blood, plasma, and u ne samples e

.. Figure 35 shows the calibration curves

.v;for methisaz’ &and linear regression equations with cor-

Wi
; /

:relation coefficients. In: a/lfinstancesw the oalibration vRI'
vcurves showed good linearity.. However, they did not pass
'through the origin.v Thls indicates that error due to loss;

jof added methisazone is’fairly constant.: Apart from minor .
.differences in sl the calibration curves +of. methisazonegf"f

_‘in whole blood and plasma were quite similaf.;,i'

Determination of N‘~subst1tuted Sulfonamides in Wholev;‘.g_“

The Bratton-Marshall colorimetric method was employed‘

BT SN

ffor the determination of sulfisoxazole and sulfamebhoxazolei;l':

—

'in whole blood.f The datalfor the calibration curves of K -
sulfisoxazole and sulfamethoxazole are presented 1n Tables
_ VII and XVIII.; When the absorbance was plotted as a- func—.
'Ntion of concentration, a. straight—line relationship was _ |
'ivfobtained, indicating adherence to Beer s law. Typical Beer s
;hlaw plots of‘Eoth—sulfisoxazole and sulfamethoxazole are
_depicted-in Figure 36.'.The reproducibility and recovery

-

mﬁ;fdata of sulfonamides added to whole blood are presented in- Tahles'
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. Data’ for the Callbration Curve of Methlsazone in 1 4 DJ.oxane

Con'centratibn, ’ -A'bsé'vz_"bahcé.a ' .rrammittanég ;o 100 - % '.t’b

e

: a _mcg/it;,l- L e e )

/

o o.so-f7;   ;0;043;01004,f‘5e'] 91Li9§,"; :”'; 8. 801
- -1.00 7 0.083:0.002  82.604 0 17.396
| 2.000 0 0.163:0.017  68.705 —-  31.295
. 4.00 A'[" oﬁ333£o}018”""; ;46,4511' o sa, 549 
~ 6.00 ",: 1 ‘0;50310.019f S 31,465 L ?:l>¥68-595
.8{06  B 0.666:0.020 ~ 21.577 78.423
10.00- 0. 835104019__4;_ §5143522» 85,378
_12.00'- 5?f.41 ooe:vozs . 10.0000 1;05ﬁ00

S
N

ot -
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e © 0.980:0.008 . . 10,471 . . 89.529 -

 .~ ~ Pr: Tranamittance

f ATABLEfXViI_“'

. ﬁ%

I3

- éonc’entration, - Abggrbgncg L 'rransmttance, 100 - % 'rb

,%W

\

*”ap.ﬂsf* -.f, ;o 13530. 006 . 73.282 ];' 26.718

2,00 0.159%0.005 . 69.343  30.657

2,00 0.278:0.008 - 52.723° 47,217

3.00  0l39520.005 . 40.272 59,728

4,00 . 0.5000.009 ¢ 31.623 - - '68.377

5,00 . . 0.630:0.006 - .23.442 76.558
| 6,00 0.750£0,009 . . 17.783  82.217
. ® . 7,00 0.87020.006 - 13.490 o 86.510

Data for the Calibration Curve of Sulflsoxazole :._3

i,o.zsgigf.;L "05045;6;004,f”;.[_’89 952 i"}f' 10,048

S Gr 0.50 . 0,09920.009 . 79. 618 20,382 -

°1.50 - 0.219%0.007 . 60.39%. .~ .39.606

R

"§9 00 | 1.100£0.018 . 8.000 “92.000

o000 iﬁ;goio;blsf;] ; };.s;QOoff . '¢,~§4Qooo»“ :x-

Average of six determinations with standard deviation.. '
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Data for the Calibration Curve of Sulfamethoxazole

chcentration,. ‘.Absorbancea Trgnsmittance, ’ 100 - % Tb

_\mcg/ml o 'ﬂ"ﬁ‘l ";7v-'ﬂ."f.*‘:"
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- XIX and XX.- The results of the sti&daﬁd additr n- _Z#'
2 9 Y- .

_s'studles 1nd1cated that there is ességtrally-no

-"sulfonamldes at the extractlon stegz

‘\ ﬁ%'.

'.photometrlc measurements is usualiy~between 20 80% trans-u

:mlttance, and that the error of the measurement is mlnrmxzevff

at about 37%-transmittance. According to the Ringbom (103)

;derlvatlon based on Beer s law, a plot of the % transmlttance Qfﬂ'

versus the logarlthm of the concentratlon should result in

'ha sigmord curve.. If the system obeys Beer 5 law,’the ln—.-
_flection point should occur at about 37% transmlttance. |

:EdThis 1mp11es that for best accuracy, the slope of the curve

_should be a'max1mum. From thls plot concentratlon ranqe '
e / o
._for the accuracy of measurement can be determlned.‘

Rlngbdm 8 plots for~sul€amethoxazole, sulf1soxazole,

ST I

r.and methxsazone are‘depicted rn Pigure 37, These plots.

L A
indxcate that the concentratlon limlts for the accurate

-

~measurement of‘these drugs are 2 and 8 mcg/ml

The preclslon of the mzasurement for methlsazone,- f} -

D)
asulfxsoxazole, and methisazone ‘was. determined. The pre-'-
'_Clsion data for the analysxs of these drugs in whole blood

are presented in Table XXI. The coefficients of varlatlon

:-;fOr the three drugs ranged from 2. 95 to 5 5% indicatlng that

'the error due to- varxation xn analysls would not 1nfluence‘:"

' "the determination of drug levels 1n bloc:»c‘

R

!



_fABLEEfoXj‘

: Recoverles of Known Amounts of Sulfisbxazole
Added to Blank' Whole Blood o

_ Added,j ;7' Recovef dr , :
v mcg/ml 7 h R ‘ K %‘- ~? 4 -

C0.25 0 92.50£7.20
0.50 - 91.30£9.70
o i.oo;»'o;' "fgi;lozs.lo
C1.50 - . 94.00%4.50
72,00 90.505.50

2,50 192;9011,49_-;,-

R
P

Averagé of seven repliééte rﬁnogyithdstahdord‘deﬁiétibn '




'zé}je;?]ef “j  TABLE xx

"{71;Recover1es of Known Amounts of Sulfamethoxazole '}ff

Added to Blank Whole Blood

Added f:u'¢pf : Recovered, o
i mcg/ml S T ys,_.: '

‘_'?55‘7,0,25,“1 ;fifs"'93 2516. 33 fe;,"ﬁ*
- '-o.so,ﬂ:“;"f‘.;¥97.43:3 21 o
100 0 99, 16i1 %4
CoLso 1597,52:2.107""
2,00 o 97.83%t1.10
2x§?f . .- 108.00:1:00

 3average of seven replicate runs with standard deviation

A

';x‘ft_ __ve‘”;v‘f” TABLE XXI

,p'Preczsion Data for the Analysis of Methlsazone,.
~ Sulfisoxazo1e,and Sulfamethoxazole in Whole Blood

. R . o o K
LI ; . e T Ce ) .
" . . o . . . ) e
. . . : . R

e fl;*.' - Added, "Recovered,® s ﬁCéb}
bes o omeg/ml  megm W

Methiaazone ‘f; "" 50,0_ fvf jt'"4gﬁbi 1v33?. *f2;95"b
8u1fis°xaz°le {‘-if50d10b  ﬁU: 462 0:25 60'_31"5 50,ev‘f'”
7?} Sulfamethoxazole - 1ooo of';? . 1007 0135 sos 3. 50 .

Coefficient of Variation‘ xﬂ,

"fﬁgf _" aA.verage of nine replicates with standard deviation

b,

0
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T

vf;'The area under the blood concentration—time curve (AUC) g
"fff can be used to assess relative absorption of orally administered

"rugs. On the basis of the AUC it is poesible to determine

A 7eiwhether the absorption follows a ie-dependeﬁt or doge-in-kff'”:

‘ f}lif dependent kinetica.“ Therefore,.fho'reliminery study was’ : o
| ._{instituted to investigate the kinetics of drug absorption.ftﬁff SR
' "In this study, 250-, 500-, and 1000amg/kg dosee of pure |

A{d:}sulfisoxazole and sulfamethoxazole were orally administeredf"iif?;i
to rate, and the blood levels were determined at various.f“ii
.S time intervals._ The-mnan data are presented in Tables XXIIii
";,and XXIII. The blood level-time profilee for aulfieoxazole}i

"and sulfamethoxazole at three doge levels are depicted in

. The ereas under tﬁe blood level curve 3fg.'“_‘/_
' SRR

n._dwere meaeured by‘ieens of a planimeter. The plots of the .‘_W;iikﬁﬁ

a‘Figures 38 andi~

ﬁd7_fie» *AUC versus the dose, mg/kg, are depicted in Figure 40. WThef;ﬁl'“ |
' f&linearity of the plots is indiggtivainf dose—independent
'-.“ekinetics for both Sulfieoxazole and sulfegethoxazole ovﬁk'a

n'othé dose range exemined. The blood levels followinq single-‘i L
:jSdOBe oraa administretion of sulfiaoxazole, sulfamethoxazole, s
7l;ﬂfu'lﬂ?and methisazone are illustrated inzmables A~23 to Ap36.h'llef7fﬂi

S The uee of compartmental models iu the etatietical ﬁfﬂ’;”'i”:

«!fenalysis of pharmacoki'f‘acfparameters has been reviewedfcn B

"ffff}by meny (104~109).»lThefiutegreted eQuation for the one-fiz”*f
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BlOod LeVel Data for Pure Sulflsoxazole following. oral:

Adminlstratien of Single Doses in Male Wlstar Rats

oo

S

Blood COncentratloqﬁ

a

250—mg/kg
* Dose . .

Soo-mg/kg‘% ‘ 

Dose

Dose

. .‘::J .

e
MRS

b Y

V"ffnats weighed,~

35;83;§5;607
| ,.116-»'8_5'*"'_-5;-;0'0_ |
176.87¢ 6.90
| 224.89:18.34

170.87: 3.6
| 1161§5£18130i
65. 63118 00 "
" 20. 00+ 3.00.
';;2.80¢2;340

i

' 1111s,gs;13jq§*
.' - 182.97#57;097_
3129242100 -
. 364.94£24.00

198.87:38.12

. 35.21%°9.70

'__;553;3;1
h7,9o.3412;;;op;_jw
352129070 210.48%

~ " 51,22%

84 OOi 20 00 -

163 30: 35 00

’,‘f\\.l‘ . -

Y mcg/ml R G

1ooo-mg/kg_ o

\

293 50: 25 oo _;A .

611 00*108 98

345.74%

a .

48,64
'13;601‘*

T v gy
1

N

;l44bti0;g  ”;;‘

. &0s10g

@s

~ ®Meah vallies from three rats with standard deviation

T

b ]

\ 515. oo: 7o 00 S
304. 93&31 sOgi-i

4a,oq 

. 360817



Blood Level Data for Pure Sulfamethoxazole follow1ng Oral

Administration of Slngle Doses in. Male Wistar Rats

Blood Concentration ' mcq/ml

— . s
"ot . "\}5
kS P ; ..‘

. Hours

250-m9/kg |

UUW

,SOOfmg/kg s 7_

lOOO-mg/kg '
Dose :

el

o025

4'0.502
‘,__1;00_

2004

3.00

4.00

8.00
: 1200
f‘i? ) 20;061
g 200

6.00

. 28.00 -

182.54:31.75
',280i42143179':

- 399.50£44.00
497.35:36.60
© 481.48:36.66
- 457.6730.00

-'417;99124.2sﬂu
357.14:36.40
'208.99230.00
56.88: 6.00
_:30.42:f2130

182.54£20.99
 310.85:19.60
‘-484}13241524'
 724.87445.82
&02;00120,99;
. 788.36:18.33
- 701.0623.00
'1661.40t33fb0. )
| 412.70:47.60

-14o;zotleZSQf

'67,50:‘3?30;"

w4

B 243.40#_24.25
407.41¢ 64.20
693:121~51{oor .
‘iile;ioz gg,dﬁ_[af"
’ff354.50:;62¢oo
'Tf137§.7os 92.odf3
;_1396.80:110.00‘§1
'1343{90;,97.09”.'
©1015.90% '84.00
f'"328{db§§§8;50'
132.30% 37.00

”V;Vfoﬁatsvweiéhgdr

43716 g

g;é%fm

R o

v_ 460:5 g o

K TN

Mean valuea from three rats with standard deviation

B

N e
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n'-,llnithefpresent“studf

fég]?frf}{Qf'ﬁ**'j

B L T I SR X
o Lot s 300
o v KA - KE' .,".”‘:'A ’ '-.. R L e

the blood level data for each drug .

"°h.‘wers anal“'ed:by thé one-éompattment open model.; Typical o |
disemirbgarithmic plots of the time course oﬁ drug concentra—iV'

i'ftion in blood for.sulfisoxazole and sulfamethoxazole are shown j*

in Figures 41 and 42. Since the ascending portion of the

'gicurve 1s usually assocxated wiEh the absorption as well _c-i

) as the elimination procesa, the absorption rate constants,_:7},w"rf'
"1KA, were”alculated by graphical analysis using the feathering
teChniQue., The elimination rate constants, KE were calculatedv;-97\

’from the slope of the descending portion of the curve.,fThegi"="t;

Ay

’calculations were based on the first-order kinetics. The 'tl""
"value of the unkncwn“constant FD/V, was determined from

’the Y 1ntercept of the extrapolated 1ine.' The ‘mean blood jv-”

(IR

' flevel data for sulﬁisoxazole, sulfamethoxazole, and methisa-'
‘“‘zone preparations were plotted on rectilinear coordinates,l_-‘f'

"',7as shown in_Figures 43~49 The measnred areas under the.""'

'licurves were*then compared statistically.l,s

\

Analog}Computer Fitting

As can be seen from Figure 49, methisazone levele in B

,;the blood‘beyond an 8 hr. period could not be detected.v Thls_j;;,

\

=lwas attributed to the sensitivity limits of the methpd used.w’niﬁ'
‘\,Based o:~these observations, lt was anticipated that the ‘
dbflack of sensitivity of the method would result in the over—
"{f:estimstion of the elimination rate constant.' Therefore, it

) :Qﬁfbecane necesssry to fit the blood level curves by analog
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’_'31mu1ation technlques 80 that t&ue estimates of the rate o
}constants could bejobtained gbr ‘this purpoqe, a TR‘ZO analogﬁ
".computer was programmed with the one-compartment Open model '

©" " (Scheme I):i - R h"’f“ S .

o ooeeRERs MA e R 1 S

O T Sch‘eme T P

"o

7&‘:_’ 7twhere G is the quantlty of<ﬂrug remaining in the gut andW;
i 'y

iE is the quantlty of drug elimlnated The dlfferentlal

"‘mequat1ons_descrlbxng;thewmodel ere. .

Hoke . (Bq. 35.1)  °

dB _

- / . . | —

KA,G - KE B . . _‘.i_(lEq. '3,5‘-,2)‘

. R )
. . P . o
- - . . . . Do

$ dE _- BT : ‘« - (Eq- 35.3)

]
Fal
o

s v o SR ’S:-' ® = “.
hf'«ﬁ_'The analog computer program for the model based on;equationsf
' 35, l 35 2 35 3, and 15 is shown 1n Figure 50. Figure Sl:ik
"t:'h' a shows the results of a typ ~al analog 51nhlatlon of blood |
‘ ';'data in aCcordance W1th - one-compartment open model. wit -
lgcan be seen from the analog 81mulatlon that the computere'
';'generated curve fits the experlmental data reaSOnably well -

&l

'l:'eHoweVer,liégorder to test the agreement between the experi-

lthlectronic Associates, Inc., West Long Branch;'N,J.y“U.S{A;ah”
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""geUrlnary.excre§1on studleSvcan be used to evaluate the

bloavallablllty,of sul&ameter.‘ (nh'- ’-?'f-'ui B “; v

B admlnlstratxon in- rats are shown in<Tables Ar37 to A—4l.;.

' excreted 1n the urlne as a functlon of tlme are lllus- .

, trated 1n Flaure 52.. The semlloaarlthmlc plots of the

T'ln Flgures 53 and 54. The,ellmznat;on rate constant,

B mental data and the rate constants.eStxmated by the analOg

o . _).\‘ L
computer, Urlnarywexcretxon stndles under uncontrolled ;f‘: S

’&

urlnary»pﬁ eondltlons were conducted

Urlnary Excretion Studies l _
ﬁ’w ' . T

- . ”

Q"'.1 -

’ . . ?\ .
bloavallabllxty of drugs (110) _sAssumlng that excretion T

%

*'rate parallels blood levels of a drug, both the maxlmum

B

urlnary'excretlon rate and the ' time: of the haxlmum urlnary

o ,.
A f 3

excretlon rate w111 reflect the rate of absorptlon and

.the cumulataye amoupt excreted w1ll reflect:the extdnt of o f

drug'absorptlon Recently, Khalafallah et al. (111) have

demonstrated the use of urlnary excretron data as an«altern-'

3

atlve to theluse of blood ‘lével. data 1n the evaluatronrof "?j

3

In/the present séudy, the cumulatlve excret1on of

methlsazone in urtne was caftulated as mg/kg and the excre-~;.ﬂ

tlon rate as’ mg/kg/hr. mhe mean urgnary excretlon data forn‘:

methlsazone and ltS preparatlons follow1ng slngle—dose oral f'

P " Iy

4

" ‘The plots show1ng the cumulatlve amounts of methlsazone

—_ . ¥

urlnary excretlon rate as a. functlon of tlme are depxcted

E’. .
was calculated from the slppe of the descendlng segment of L
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Figure 52 - Cumulative Amounts of Mgthisazone Excreted in

- " urine following Single-Dose Oral Administration to Three
. Rats. Dose used was Equivalent to 500 mg/kg of Methisazone. .
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the semiiogarithmc plots. 'Tr(xe‘ termnal énds' of thé des'.*—-‘. .
cending curves were fltted by least squares regre881on |
analys.ts us:.ng the PDP-B/L mn:.computer. In-as-much as’
the urinary excret:.on studles were conducted unQ un- .

controlled pH condltlons, the fluctuat!ons 1n the excretlon

P . . -
rate could be attnbuted to changes J.n urlnary pH. ‘
. L %
0 b
b4
' O
t lov‘

e



,Prellmlﬂgry lnvestlgatlon coddu{fep?y‘ .
- oy s -
-of evaporated blnary mixtures revealed that sau,isoxazole- >

Ulurea SOlld dlsperSLODS wlth com9091tlons ranglng from 30

to 80% of sulflsoxazole producé DTA thermograms whlph were

L

v 1
:,dlfflcult to 1nterpret and correlate W1th phase dlagrams

i : This anomalous behavxor was partly attslbuted to concomitant

'._thermal decomposrtlon of sulflsoxazole on fusion.‘ For thls

ereason, additional thermal studles, uslng tﬁe capillary

t

'meltlng point method, were conducted to rnvestlgate the'

nature of phase dlagrams An examlnatlon of the phasev Tl”_”

dlagram (Fig. 4) indicates that ‘the sulflsoxazole—urea

B |

solld dlsper51on typlfles a eutectlc system w1th 1ncongruent ‘

-gcomplex havxng a compOSLtlon of 70% sulflsoxazole - 30%..

. -urea.» Based on these vxeual thermal analysxs f}gdlngs, at-

.g-tempts were made to reproduce the~phase dlagram, show1ng

tne exlstence of'compl?x formatlon w1th lncongruent meltlng o

p01nts, through dlfferentlal thermal analysis, but w1thout

_-mucn success. However by careful control of operatlonal

v variables and by selecting a sample 81ze of 8—mg, A thermo--

‘ grams could be obtalned whlch were’ amenable to 1nterpretat10n

blnsofar as detectlon of 1ncongruent meltxng p01nts was’ "13

'concerned.: | | | |
As 1s seen in Figure 6, the SOlld dlsper81on contalnxng

'}20% sulflsoxazole and 80% urea yielded only one endotherm :

L . P i i o e . . S e . o ‘e el Ty
S 27 . R D : . : . T
s ] N L v . . N . . . P . .
2N . . s " . : . N . .
.
d

. " -
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as .a major peak near 130 C demonstrating the fact that the
l:melting point of 100% urea, in- presence of sulfisoxazole,,‘iv
'f;;-t Tis lowered by 4° c. &In cont‘?st with Figure 6, 1t can be';f. 1‘
4 Hlf“" seen from Figure 7, that the DTA thermograms of solid disper—4e
| eisions containing 2 5, and 20% hrea show first the ;ppearanceu.
":of extra endothermic peaks due to 1ncongruent complex forma-f
: tion, and then the major endothermic peaks corresponding to »
fusxon of sulflsoxazole in excess of the complex. A marked
‘Shlft in peak temperatures of successive maJor endotherms _
towards lower peak temg?rature of the complex endotherm 'ljfvv
oiearly 1ndicates that presence of urea 1n the blnary mlx—.
.ture lowers the melting p01nt of sulfisoxazole as a result
i‘of thelcomplex formation. ~on close inspection of the DTA ,
' thermograms, as shown in Figure 7, 1t becomes clear that
with increa51ng amounts of urea in sulfisoxazolelurea binary
':mixtures, the complex endotherm becomes 1arger and better
_defined and consequentlv the area under its peak grows at !
1>the expense of area under the 100% sulfisoxazole endotherm,n
lindicating transxtion of energy accompanying complex formar
tion. Finally, the energy tran31tion assocxated with complex
formation reaches a maximum at the comp091tion of 70% sul—'
fisoxazole and 30% urea.v ThlS estimate of complex composi-

”'tion available from DTA is con31stent w1th that obtalned

]

bfrom the phase diagram.
vh;,h It is evident from DTA thermograms for 40 and 60% urea )

- sulfisoxazole-urea binary mixture, as depicted 1n



f and-95% sulfamethoxazole -

Flgures 6 and‘? that fusron peaks contrlbuted by perltectlc
and eutectlc reactlons occur w1th1n such a narrow tempera—ff"t'
ture range that 1t becomes dlfflcult to dlfferentlate betweey’_

closely occurlng thermal events.f Because of superlmp051tlon

of two adjacent peaks, the heat effects due to perltectlc re- ffl,

A hd . r
aCthD are s1££ly overshadowed by the eutectlc endotherm

The overlapplng of thermal effects lS characterlzed by the 4f

‘1ndentatlon of DTA peaks._ -An examlnatlon of the phase dlagram ,--L‘

,1n Flgure 4 reveals the’ existence ‘of complex formatlon on the o

ba51s of 1ncongruent meltlng po;nts observed 1n evaporated
D -
mlxtures, desplte the fact that the jump in the soLadus

is rather sm ll. s S S ' ‘-"_lsi'f' D
R . PR . . . . BT

The phase dlagram, as shown 1n Flgure 5, 1nd1cates
that sulfamethoxazole-urea blnary mlxture can be cfas31f1ed
as a eutectlc system w1th part1a1 solld solutlon.'.TheT -
eutectic 1sotherm in Flgure 5 occurs near 118° C, and ex—._ |
tends from 10 to 95% sulfamethoxazole.- $he DTA thermograms :
of- sulfamethoxazole—urea blnary system (Flgs. 8 and 9) reflect':

h

the tendency,of‘the major endothermlc peaks to Shlft towards,‘

a lower temperature of about 118 C whereithe formatlon of

‘ the eutectlc endotherm is self-ev1dent. As can be seen from -

Flgures 5 and 9 the eutectlc composxtlon of the blnary

"system corresponds to 60% - sulfamethoxazole - 40% urea. ‘The

DTA thermograms of 5% sulfamethoxa201e ~v95§ urea (Flg..qz

v,

urea (Fig. 9) blnary systems

Lo

lndlcate that the mutuai solld solublllty of sulfamethoxa—v

",sole and urea 1s less than 5% and hence con31dered,negllgi 1e.
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The phase diagram of méthisazone-urea binary system

T 7(Fig. 10) consists of two distinct isotherms, the eutectic i N
,'rand the peritectic.v The eutectic and peritectic temperatures

: are 128°C and 187 C, - respectively.' It can be inferred from o

;f,:the phase diagram that ‘a complex with a compogition of 50%

fmethisazone - 50% urea is formed between the»components.{‘r*f"

"-'The DTA thermograms of 40% methisazone - 60% urea (Fig.ill)

h(and 49% methisazone - 51% urea. (Fig. 12) binary systems

exhibit three e: othermic peaks as opposed to two endothermic'
peaks, indicating the eXistende of the peritectic reaction. N
The DTA thermograms of'binary mixtures,'as depicted in é"

Figures 13-15,‘indicate that systems containing PVP exhibit g

' only major endotherms as quion peaks of those drug components'1"

whichqare in excess of the complex composition.' Since PVP, o

. ,,". T "

dho sharp or specific melting pOint the

like glass,;?ag

g endothermic“pezﬁs corresponding to the fusion of PVP are :

, pe

abseht from the DTAJthermbgfﬁmé It is interesting to |

ﬂ""

note that the major enddtherms tend to shift towards lower

9‘\1‘ I L v: v

: temperatures as the concentration of PVP in the binary systemss‘

increases until it reaches a critical concentration beyond

‘wwhich.the endotherms 3ust disappear. The binary mixtures o

,containing PVP in amounts greater than its critical concen-
,tration do not exhibit any characteristic melting pOints.- :ki

‘On heating, they gradually soften before turning to. lquld

f state._ Since PVP can exist in a vitreous state (15), the

"‘l,solubilization of’ sulfisoxazole, suifamethoxazole,_and

[fmethisazone by PVP would result in the formation of glass
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'polymorphlc change of -the drug from metastable to stable
; thls reason, 1n the preparation of all sollg d1spersrons,_;g

'srevealed ﬁo

‘of t '
',sTha a,a
‘s?1n &a?méﬁﬁﬁlv. It can be seen from the table that ‘the heat

“;of fwslon of sulfamethgﬁazole determined in thls study does j a

‘»]}tion ava lable there aﬁpears to hé no satrsfactory ev1dence

Ep

,,solutions. The characteé:stic-quenching of the endothermic

-"peaks explicitly reveals the exrstence g! glass soiutron T':

'formation.;,

E S
R e
B

o In the development of a solld dosage form, the proper

"1yume of a metastable polymorph should result in a more _d :“:;5"’

raprd and complete absorptron of the drug. Howevesi the

"‘.v.A .

'r;form can cause problems in the areas oﬁ aqueous solubillty,& -

: dlssolution rate, and bloavailability of the drug. For :'p,%':;“ufh

n 1ymorphic forms of the drugs were used throug - v
x;pdy.‘ An examinatlon of the DTA thermograms

e hdence of polymorphism.ln the sulfisoxazole,

"fsulfamethoxazole, and methlsazone used. The heats of fuslon ’

drugs, and of urea were" determined by DTA calorlmetry.~
"3‘ “ ‘ ’ K .’, P o --_ v R
obtainéd, from the DTA thermograms are summarlzed R

s

’v.v-\'. v

1 not agree w1th publrshed'valpes.a Sunwoo and Eisen (101)
]{freported th, presence'ofaa major endothermlc peak at 166 3°

gﬂﬂwhereas Yang‘and Guillory (38) have reported the presence~

¢

= A S
,‘gof the maj endothermrd peaﬁ;ﬁtvl70°c in addrtion to’ an -

fermic peak at 156°C. On the basrs of 1nforma-i

.

A I

»

1Qto account for this lack of agreement. ;fy R
SO CtL A W :
et R .
i ! A o
; o o . ’ .
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The effects of urea and polyvxnylpyrrolldone on the

isolublllty of sulflsoxazole, sulfamethoxazole, and methlsa—‘.'

zone 1n dlStllled water ‘are deplcted in Flgures 117~ 20. .
The. results of these ' studies indlcate the 11near dependency
of both sulflsoxazole and sulfamethoxazole solubllity on |
'the“concentratlon of urea and polyvxnylpyrrolldone. Slmllarly,.'
the solublllty of methlsazone was found to 1ncrease lxnearly
"yW1th the concentratlon of polyv1nylpyrrolldone.l On the
-other hand urea seemed to have no effect ‘on the solubllltyﬂ
. of- methlsazone.. This solublllzlng actlon of both the urea
and polyv1ny1pyrrolldone may be attrlbuted to the formatlon
‘.of soluble ébmplexes. Because of the hlghC;oluhlllty of o
. f-~ .ﬂthese reactlon products, the plateau formatlon due to o
o saturatlon 1s not seen.' The linear 1ncrease ln aqueous
solublllty of the drugs as a functlon of’ urea ‘or polyv1nyl—
‘ pyrrolldone concentratlon suggests that the complexes
fformed have one mole of eltheryurea or polyvxnylpyrrolldone.
. The ‘ddta p;esented in Tables Ix and X lndlcate that the
‘“yslopes of the linear plots,are less than 1 for all except |
1@4 the sulfamethoxazole polyv1nylpyrr011done system. The:
| ,slopes for the sulfamethoxazole-polyvxnylpyrrolldone system
at 25 and 37°C are 1. 68 and 2:.54, respectlvely.n
: suggested by Connors “and Molllda (102), these slopes would
o lmply that st01ch10metry of the systems hav1ng slopes less'

than lis probably one—to-one. The same rea§9n1ng would

[



”z°le‘P°1YVlﬂ 1pyrr011donehs stem at 25 and 37°C areftwdito O
y by ,

’have an assocxatlon equlllbrlum constant K ar greater than

1 proceed spontaneously and those w1th less than 1. requlre

g
‘one’ and three-to—one, respectlvely The }n;eractlons Whlch-“ -

.-
Y

{

energy‘for 1n1t1ation of the reactlon. Further, the‘negatlve

51gn of the free energy change, AF° 51gn1f1es that the for— T

imatlon of the complexes 1s spontaneous and the p051téve 51gn

t

"51gn1f1es that the complex formatlon is non-spontaneous. ‘f’fﬂ”‘

Slmllarly, the p051t1ve srgn of the heat of formatlon, AHf°

v

indicates that formatlon of the complexes 1s endothermlc in
/

nature, The posltlve entropy changes 1nd1cate that the water,;

- -y

molecules have acqulred a random conflguratlon as a result‘

of complexatlon. Hence the formatlon of complexes is

accompanled by an 1ncrease in entropy.. As can. be seen fromf

' Tables "IX and X, the entropy .Changes correlate well w1th

tweak chemlcal bonds due to dlpole-dlpole 1nteractlon, the

jhydrogen-bonded complexes w1ll exhlblt rever51b111ty of the

1have dlscussed ‘the 1mportance of hydrogen—bondlng lnter—;

J
-the correspondlng heats of formation.

mplex formatlon may be attrlbuted to hydrogen j "

- :‘«’/I = “v"" N (

:bondlng.* Slnce the hydrdgen bonds are con51dered to be

assoclatlon under»normal condltlons.- H;guchl et al (112) ./ ,o

”actlons in the formatlon of varlous complexes. The mech—'

4

»anlsm of hydrogen bond formatlon may be better explalned on,ﬁ

the basls of the electron theory of datlve covalent 11nkages;}

yBoth urea and polyv1nylpyrrolldone have an electron-donatlng'



‘carBOnyl group.. Thls electron-rlch carbonyl group will.

. ]attract electrophlllc groups.- The 1m1de groups of sulflsoxa-b

e

. zole, sulfamethoxazole, and methlsazone w1ll accept electrons

kR

donated by the carbonyl groups of urea and polyvrnylpyrrolldone
ﬂ_'molecules.- DeLuca et al. (113) have reported that the |
. solublllty of glutethlmlde,‘a sparlngly soluble drug, can
lbe lncreased by solubrllzlng it w1th substltuted amldes .
which’ have two 1ndependent electron donatlng groups? 1_ 1 7
Havrng obtalned data ,on the thermodynamlcs of complex.

e

formatlon from the equlllbrlum solublllty studles, klnetlc | -
studles wereﬁconducted to lnvestlgate the dlssolutlon charac—
terlstlcs of”the 1nteracting systems..-nguchl et al. (114)
“have demonstrated the dependence of dlssolutlon klnetlcs on
both the dlffu51on coefflcient of the complex1ng component h,;ﬁu
*in the solvent and -the assoc1atlon equlllbrlum constant of ;”
' the complex. Drug complexes are usually 1ncluded in dosagef:
;;forms to enhance the solubility . and subsequently the disso-
,lutlon characterlstlcs of the drugs. The complexes that o
drssolve slowly in water w1ll have dlssolutlon rates. 1ess~
'than those Tf the pure drugs.‘ H1guch1 and Pltman (115)
synthe51zei l:1 and 1: 2 complexes,of caffelne with' gent151ct
‘acid, and compared their dlssolutlon rates w1th that of . -

'caffelne.

They found that caffelne from the complexes ‘dis-

~oxazole, nd_methlsazone in dlstllled water are presented

in TabLeIVIII A llnear relatlonshlp between absorbance S



b‘and drug cohcg@%ratlon wasifound'to exlst in each case;y

;.'i‘r/dlcatlng compllance with Beer s law.: Typ1ca1 Beer s law»

| plots for these drugs are deplcted 1n Flgure 16.‘ These,f g

standard curyes were used 1n the ana1y51s of samples obtalned

o from dlssolutlon studles._zf'*ﬁ y"f L |

& ",j Durlng the prellmrnary dlssolutlon studles conducted
by the rotatlng—basket method, it was found that ‘51nce ‘
blnary systems contalnlng PVP released drugs faster than a

those contalnlng urea, the surface area of the faster dlS

\\,

lntegratlng pellets could not be controlled durlng the 7"‘by1]l;-j
- drssolutlon process. Slnce the purpoSe of the dlssolutlon |
studles was tosdetermlne the 1ntrins;c dissolutlon rate
| constant,'lt became necessary to@use the rotatlng’dlsc-

¥

method whlch allows onlyione 5urface of the pellet to be

. - o £y

o exposed to the dlssolutlon medlum.. A study concerned with
T A SR A T

the comparatrve evaluatlon of the rotatlng-basket and rotaflngﬁ-f
1. e ,

dlSC methods was, therefore, undertaken.v The results of
= ) ‘; ‘

thlégstudy are. shown 1n‘Fxgure 21 whrch 1llustrates the o

usefulness of the rotatmngwdlsc method in controlllng the

t

dlssolutlon of methlsazdne from fast dlSlntegrutlng pellets,hh,j

The sultahilltv of the method Was checked by runnlng dlsso-v'
lutlon tes s on. both tﬁe phy51cal mlxture and the solrd

dlsper51on's les.. It can be seen that the rotat1ng~'

o dlsC method is - appllcable to the physmcal mlxture as well o

as’ the SOlld dlsperSLOn samples., Based on’ thls crlterlon, y
" the subsequent pellets contalnlng urea and polyv1nylpyrrolldone

’ were evaluated by the rotatlng-basket and rotatlng—dlsc
4-,:’) A - Al .

. mmthods, res Eﬁtlvely.A ; e L
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As seen in Flgure 22 the addltion of 0. 01% Tween 80

to ‘the "’ dlssgghtlon medlum 1ncreased the dlssolutlon rate h:W*
f of pure methlsazone powder. ThlS observatlon suggests that R

'methlsazone is hydrophoblc 1n nature, and that the dlsso-'

lutlonéiﬁéjiquends on the*ablllty of the dlssolutlon medlum L
LN . 2
' urface of the drug. Flgures 25 and 26 show -

-to wd&

P

that the sem;logarlthmlc plots’are non 11near, 1nd1cat1ng

the abSenée of flrst-order klnetlcs. In order to test whether
hese data flt the.d1ffusron-controlled mod%ég ‘the plots  *

of the logarlthm of ‘the - amount dlssolved versus the logarlthm'

of tlme were constructed and the slopes determlned -It can ,ﬂ

be seen from Flgure 32 that the slopes of the lrnear curves E

: are very clostho 0. 5 1ndicat1ng that the. dlssolutlon of ' g

T e methlsazone is ¥y dlffu31on-controlled process. '

and sulfamethdxgzole preparatlons containlng urea,'a t-test

was performed on each p0581ble canblnatlon of palrs. ,It-
3 _

. was. found that the dlfference between any palr was statlstl—

. cally 51gn1f1cant at- the 5% level From an examlnatldn of
Flgures 23 and 24 1t becomes apparent that the dlssolutlon
proflles of—both sulflsoxazole and sulfamethoxazole for phy-.fﬁ

#P 51cal.m1xtures are better than those for the solld dlsper—‘
51ons. Thls unusual effect could p0551bly be due to com-
e ,
plex formatlon between the components durlng the dlssolutlon_

~ process. Slnce the percent dlssolved tlme plots for the .~

fphysrcal mlxtures of sulfrsoxazole and sulfamethoxazole

_ -~
-i,contaynlng PVP, as. represented in upper halves of Flgures 23

@ o ' Lo P



R R - _ ' ;, 155d;f :
. R - ' . Y -
"gand 24 were non—linear, the percent undlssolved tlme data
. were plotted 1h Flgure 27°to see if the dlssolutlon rates
obeyed first-order kinetlcg. These olots 1nd1cate that there.~".‘
are two flrgtrorder componen s to- each dlssolutlon proflle.
»3To test’ whether the dlssolutlon data are fitted by thev-v.ifr'
. kR "
-_logarlthmic ﬁormal dlstrrbutlon functlons, the 1ogar1thm1c
:Y- normal probablllty plots were constructed. The data plotted o

',Q,rjy‘Uon a logarlthmlc—probablllty graph paper are shown in Frgures f‘ff

-

| 330 and 31. The dev1atlon from llnearlty of these plots
"

‘ suggest that the data do not adhere to the logarlthmlc—
"normal dlstrlbutlon functlons. Based ‘on these observatlons,ﬂ Jf
it may be concluded that the mechanlsm of dlssolutlon of -
g.sulflsoxazole and sulfamethoiﬁzole from phy31cal mlxtures
bontalnrng PVP 1s rather complex.f It would appear that

. further studles would be necessary in order to eluc1date

U

_'the mechanlsm in full ?;f

In the case‘of methlsazone preparatrons, probablllty
-plots, as shown in Flgures 28 and 29, yaelded a stralght—
llne relatlonshlp, 1nd1cat1ng that the dlssolutlon data can-

a be described by logarlthmic normal dlstrlbutron functlons."

’ﬂ}rom these llneargplots, percent dlssolutlon tlmes were -

'fdetérmlned for statlstlcal evaluatlon.;4A summa. = ‘resultsfa

",Presented in Table XIII rndlcéffi/fﬁﬁt/theJdifferences-in 'f

the percent dlssolution tlmes are 51gn1f1cant at the 5%

'level.. ) .
. "l

. S1nce sulfﬁsoxazole and sulfamethoxazole exhlblt dose-
j‘J.ndependent klnetlcs as 1nd1cated in Frgure 40 the blo—'

: avallablllty of these drugs can be est;md&ed»by comparlng



‘Addbse‘lndependent klnetlcs for methlsaZOnewhas been reported

in rats on the basn.s of ur:.nary exoret:.on dqta %(39\) ,,'riﬁ_ y 'e— A

) . talned by-graphical analy51s accordlng to the featherlng

o \Fses ‘a pooled error varlance in- the calculatlon of the ,‘~',L,Y*

: L
T standard error: of the ‘mean dlfference._ The results of the

A
N . ) N

'gareas under the blood concentration-tlme ourVes.: Simzlarly

N fa;’ S ey

.-fore, the estlmatlon of bloavallabllxty of methisazon& Can g ;;

- a‘ ¥ )’

‘be- based on the comparlson of cumulatlve amonnts éxc&eted f— ,ﬁ:ffV}

\J(t"f

°:_Ln urlne.‘ A summary of some pharmacoklnetlc parameter5a8b o

fjmethod is presented in Table XXV f It 1s evx?ent that the

}r;t of abéorptlon, as reflected by AUC, 1ncreases W1th rt

‘g§Whereas the el;mlnatlon half~llfe does not Thas lends_

"support to the hypothe51$ that both absorptaon and ellmlnatlon T

,.follow first Order (dose—lndependent) klnEtlcs.“.?gi‘_,

In order to determlne 81gn1f1cant dlfferences between’

: ;treatments, the areas.under the blood concentratlon-tlme
jcurve and cumulatlve‘amounts excreted 1n ur1ne were subjected
’:to a one-way analysxs of Varlance, using a completely random
‘*de51gn.- When the F values for the treatments were Slghlfl‘

'“can!, the least s;gnlflcant dlfference test was applled to

determlne the source of the dlfference.t The least 51gn1f1cant

L

‘7;d1fference (llG) is ba51cally a Student s t test Wthh

statlstlcal analyses for sulflsoxazole sulfamethoxazole, and”

‘kmethlsaﬁone are oresented in Tables XXVI XXXIII It 1sft
.apparent from Flgures 33 and 44 that urea 51gn1f1cant1y v
‘_‘reduced the extenk of absorptlon of*splflsoxazole from the

'solld dlsper51on. Urea also modlfled the absorptlon profiles

A



. TABLE XXV

,Summary;ofiPharmacbkinetic_Parameters,of'Nl-substituted_ \\\\\'f S
‘Sulfonamides according to'One Compartment Open Model " o sl
ffollowihgfOral_Administration'of.Single Pposes in Male
Wistar Rats - ' ; T L

= ; "~Dose‘LeVels' . 3j_',j fw__ 
250 mg/kg 500 mg/kg 1000 mg/kg

Pd%ametersaV:
S . (B '..‘. ‘ .
-~ Sulfisoxazole

\

K. (hr

B

A )

F.D/V (mcg/mb)

& Ach.xﬁég;hr/ml)*t. 

sulfamethoxazole -

PO
K ‘h?% X.f ]

S N
Kg ABr 7)

'-f»_g;p/v;(mchmii

*auc® (még.hr/ml) 0 5125.000

~0.340

2.000
' 906.200
. 0.894

5900

6.000

. 1.260

1366.000

© 651.800

1.100 -
0.400

. 1.700

630.900

1656.200 .

10.115

 1162.000
. 10000.000

0.579

0.693
'0{340
2.000 -

11299.000
. 3562.500

0.343

©0.120

5.800 *

© 2535.600

20500.000

b

"ean values from threckrats =
Area’ calculated from 0 to 12 hr.

" Carea-calculated from 0 to 28 hr.’



e mm” XXVE o
;Areas under the Blood Concentratlon-Tlme Curve (AUC) and
Their Statistical Ah51y51s following Slngle-Dose Oral

Administration of pure Sulfisoxazole and 1ts Preparatlons

.'contalnlng Urea

TR

Preparatibns T I AUC , mcg hr(m—}.

; S . EEE . 7
Pure Powder . . I h ’ 1656 20*189 9

o

B. Physical Mixture 'ff‘~16é1 67+l38 5

' ’1420 332120.8

s o . AU N . ”J.

C. Solid;DisperSionv

Analysis of Variance
2 mrna RN
.. M5 4 F P

S

Sbgic%yof Variation fDF_ ,‘1SS

‘Betwden Preparations 2 113908 56954.0. 2.447 P>0.05

Error . 6 139668  23278.0.

Total = = '8, 253576

. Least Siénificanthifferénce'”

s = 124.57 . o
T oo @
DF = = 6.0 3

"A‘-"B = not-Sigﬁificantﬂat Ei0.0S

l.v
O.
1l

e . 9
not significant at P>0.05

B-C= not”significanﬁ atjP>0;05

'  aMean3va1ués.from_three rats with stanﬂard‘deviatidn

w

'}yk



'mm _'xvxvr I

- Areas under the Blood Concentratlon-Tlme Curve (AUC) and
Their Statistical Analysis following Slngle-Dose Oral '
Administration of pure Sulfamethoxazole and 1ts Preparatlons
containlng Urea . * :

.Preparqtibns - _"" R AUC . még hr m1~;

A. Pure Powder O . . = 1oooo 001500 0

. B. 'Physical Mixture _ - '~,;1875.00:625.9

c.. s¢11d4nispefsfqn, .. 7937.50%634.3 o

- ) Kna1y81s of Varlance v el
v ' T A

Source of Varlation  bF ss  Ms - F_ -

[

. Betwgrn preparationsff*z 23273500 11636700 33.477 P<0.01

Error ' 6 2085630 - 347605 °©
Total - 8 25350100

e . Least Signifiéahﬁ Difference
8B = 481.39 | | SR
‘r5DF.‘5, 6.0 |
E A -B =vsiénifiq§h£,at p<o.oiv'n'

A - C = significant at P<0.01

4]

Y

C = significant at P<0.01

v'?Mean values from three:fats_withfsténdardldeViation

-
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TABLE XXVIII =w“
H’Areéé?under tﬁq*Blobd-Concentratioh—Time Curvé‘(AﬁC);éﬁd'p
»TheirgStatistical”AnalysisgfollbwihgﬁSinglebDose Oral ‘

Adnmigistration of Sulfiszazole-Urea‘Solid’Dispe:sibns_A”,

Type of solid AUca,' ;_' R 'A “ S e

Dispersion +mcg hr ml — va‘,Valﬁe o P

" Incongruent®  ° 1420.30:120.8 B L
. S - 2,660 0.10°220.05

‘Butectic® 1153.30£125.0

TR e T o . S

ﬂ?Mean values from three rats with standard deviation
bincpngruentvQompositionf"70% sulfisdxazole,,30%*ureg;* '
- “Eutectic composition: 25% sulfisoxazole, 75% urea

| mBIE xux

_iAteas.under‘the'Blood Cbhéentfaﬁionébime‘Curve=(AUC) and
Their Statistical Analysis ‘following Single-Dose Oral
Administration pf”Sulfamethogazoleriea Solid Dispersions

- Method of E »'ZI'AUCé) ,i ‘ Lo .
§ . value - P

. Preparation . ‘mcg hr ml.

" Evaporation . 7937.50%634.3 e
’ o ST 0.365 . P>0.50
‘Fusion ~ 8125.00%625.0 EEa R

with standard deviation
‘ ‘ U Ny

<

‘3Mean values from three rats

W

Q.dIA“



'“3 ‘Preparagions;--_“.b*"n. o fi-[‘:AUCa;'@CQ hf m17

‘-j ;.j _ ;iv“f'4'g'  "5fquﬂv_'fv;; {if'l?ﬁ':f2 ;62? 

AR Y

. Areas under the Blood Concentration-Timé Curve (AUC) and - '

. Their Statistical Analysis following Single-Dose Oral. . e
- Administration of pure. Sulfisoxazole and its Preparations -

- . containing PVP. T SR S R ey

1

A. Pure Powder . S 1656.20£189.9
'B. Physical Mixture =  2006.70£125.0 -
" c.'iéelid Dispersion’ f”'a;,,~-,lI560,oo&135;3

..  :Ana1§£is of Vériéﬁcé'j_

Source of Variation ‘DF S . Ms.  F P

' Between Preparations 2 331592 165796.0  7.104 0.055E>0.01 .
Errer . . 6. 140040 = 23340.0 | S
_Total 8 amesz.

&

| o Least Significant Difference

SE = 124,74 | R R R
S S DO S
A -B= Significant;at=0.05>P>0;01 _
:»'A fnc = noﬁféignificantwat'P>0,Q5

. B.-c=significant at 0.05>2>0.01

"faMeanvvalu¢g‘¥rom_ﬁh:ee rats with standard déviaﬁiodl'-

3

SLow
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TABLE “xxxr

f'Areas under the Blood Concentratlon-Tlme Cuive (AUC) and
Their Statistical Analysis following Slngle-Dose Oral

Administration of pure - Sulfamethoxazole and 1ts Preparatlons

icontaining PVP.J

T

y -

”Brepa:atlbns»*_ R . Auca}xmcg:hr,ml'l

© 'A. Pure Powder . - - 10060 oo:soo 0
" B. Physical Mixture = . | 10479.002580. 7
) T o _ : S

c. .SO1id<Di§§§:§ion LU . 8312.501845.533f

o F'T:- Ana1y51s of Varlance

 Source of Variation‘ DF ) .Ss o MS F P

Between Preparations .Z 7771780 3885890 8.954,»O.b5>P>p}01»

Error T 6 2604030 4340@5
Total - 38.'10375800

SE R

e A Least Significant Differehce“e If“?'
SE = 537.90
" DF= 6.0 . -

i S : s

' A -'BL= hot'eignificant‘at P>0“40

—A -C= slgnlflcant at 0. 05>P>0 Ol o f$.je

4

S .i7gﬁ B - C = signlficant at P<0 01 . ST

AMean velueeAf:om’fhree.xéts,wifh”etahderd deviation '

‘o

|



Statistzcal Analysis of the Cumulative Amounts Excreted :

~.in 72 hr following Single-Dose Oral Admtnistration of
{‘pure Methisazone and its . Preparations contalning Urea

- S t:' o ' Cumulatlve Amount Excreted R
;Pre ration : S €Cr

' :r:A Pure Powder

| 49, 78*5 7,

5of Varlance o

Source of Variation,.’bv.' Sé " o F P

< L

Between Preparations 232‘1840,908 420 454 21 813 P<0, 01

‘Brror . © . .. 6-115.652.  19.275
Total . 8 956.561 - NERY

S SN

| ‘ "_Least"siéﬁificahtubifférenCe__,
S sE=3ses

"'f\\T\Bp —elo. . 1_ I ,‘}
"rA - B = szgnlficant at 0. 05>P>0 Ol

¢ A- C ="81gn1f1cant at P<0 Ol

'fB - C = sxgnlflcant at P<0 01 -

* ®Mean values from three rats with standard deviation

-

. L . L. i o .
/‘\-—‘ : “ . . ) . . . . ,:,vl"‘
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TABLE XXXIII:

e .. - : . P - . "»-—-

Statlstlcal Analy51s of tHe Cumulative Amqynts Excreted 1n
72 hr following Single- Dose Oral Administration of pure.

"g Methisazone ‘and its Préparatlons contalnlng PVP. _Qg,

LR

' Prepara;iohé"

'\Iotal

w
i ‘

" DF 6'67‘ o ¥ “ig‘ﬂ,"_v .tzfﬁ‘z_V' ﬁ%;* f 

4

3

' Cumulatlvg Amount Excreted
.. .- o mg/kg -

e

A, Purd Powder . - T 26.3041. 9

‘B Phy81cal Mlxture ’ l ',;‘-47 981 5.7

c: Solia Dlsper51on Lo 42.59:4. g”
ey v .' N

ki

ga’
=3

Analy51§ of Varlance

Sou of Varlatlon DF *;,iss' 'jf'ums - F. . P

Between Pyﬁﬁgratlons 2? 764. 399.,382.199  19.767  P<0.01
Error R 116 010 19.335' . “

. SN
L T BREAS

-

Least,significantkDifferenceu 

. o - N ‘. . P . '.W- L o - 5 ' o

“an,
A

]

.A‘;ZB }éiénificaht’at P€0:Ol 

' A ~ C = 51gnrf1cant at P<0 01

"& 3 B - C =' not s:.gnJ.fJ.cant at P>0 10
| \ - N . “ K - - Y .

T

3Mean valueS}from three réts with Standafd deviétioh“‘

AR e ~ : NP >
) ) .
, _ . :

.
) ~edy
ey
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.of absérption of’these drugs.n

166

K23

S L

E of suLfamethoxazole as is- evident from Flgure 46 Althoqght

“the presence of urea in the sulfamethoxazole-urea solld dls- -
-per31on results in the reductlon of ﬁhe auc, 1ts presence’
'in the physical mlxture 1ncreasej§the AUC. It f\\possxble

'~;that the 1nteractlon between the uncomplexed urea and ‘sul-

c

famethoxazole 1n the phy31cal,m1xture may contrlbute to .

-'the enhancement of bloavallablllty of sulfametho;azole.

As: can be- seen in\Figure 47., the areas under the curve for‘

sulfamethoxazole—urea solld dlsper916ns prepared by the sol—

vent and the.fusmon methods dOpnot A}ffer sxgnlflcantly.' Thlsn

”1nd1cates that the method of preparatlon has-llttle effect-

on the total absorptlon bf sulfamethoxazdie. It is 1ntere§t1ng

v .

to note that polyv1nylpyrrolrdone behaves in the same way as

b

urea. On the basis of area analysxs, the data presented 1n

Flgures 45 and 48 indlcate that the presence of PVP in solld

&k

d15persxons signlflcantly reduces the systemlc uptake of v ¢

\ ,
both sulflsoxazole and sulfamethoxazole. There would seem :

to be a tendeney for 8011G~¢18per510ns to reduce the extentT
L [ .

~-

’

-The blologlcai *llfe of methxsazone estlmated fromplih

w g e T - >

the blood level data by analog 31mu1at10n was approxlmatelx;=f'
[‘ : .

2 hr. However, the blological half-llfe obtained from the't

urlnary excretlon data varled from 25 to 49 hr as 1llustrated

in F;gpres 53:and.54 Thls dlscrepancy in. the estlmatlon o



of blologlcal half Ilves could be- due to the presence of »

1-a perlpheral compartment Assumxng such a. p0351b111ty, 1t

vaall below the senslt1v1ty level Jf the assay pfacedure after

1s not sutprlslng to see methlsazone‘concehg;ﬁgibn in blood.

'8 hours post—admxnlstratlon ‘while the urlnary excretlon com--~

- tinues to be detectable for at least 72 ‘hr: beyond the 8 hr

peried. The time course of methisazone 1n blo d may be ade-

.oV : -
{ ) o
SR e :
. . W . .
/““\/\\' .
o L
. I
»
T
.
&
“ .
. . -

[

~quately descrlbed by at least a two-compartme t open model

(Scheme I1): .
— G’
. v ,

- - " e

e oyt Kpr Krp

: > T

- k/ . E . . : r ‘v . *

oL ' s Scheme II = ¥ '
o | /; o - ‘ . ‘ fﬁﬁv.
R sl A I

.whegg T lé the perlphera& (t}séue) compartment and K T =

\

ye the flISt order rate consfﬁﬁts for the dlSﬂ

| fool
‘trlbﬁtlon of the drug between the centr;; and@ perlpheril 4
';compartments.u The 1ntegrated equatloh descrlblng the f.
-ﬂhmodel may be written as: o é e
- ,. ' PE '
B, =c et 4 peBt T (rq. 36)

where C and D are the ordlnate axis litercepts, and a and B .

r

are hybrld flrst ordq:>disp051tlon rate constants. - The

¥ b

R



",;the drstrgxptlon phase of the drug from the central to

first-exponent1al corresponds to the fast dlSpOSltlon rate

+ -

and the second exponentlal corresponds to the slow dlspo-'fz.

MSlthB rate, The fast and slow dlSpOSithD rates reflect

KY

'perlpheral compartment and the ellmlnatlon phase of the

= drug from the body, resp tlvely.

“_T;are non—speclflc, metabolltes with cognate absorptlon

rpg.for unchanged drug in the presence of ltS metabolx

g ;a v1ta¥,role. In thcse\ipstances wKere colorlmetrlc meth

It 1s belleved that the half—llves obtalned from the -

—_

‘blood level and ﬁrlnary excretlon data reflec({the fast-and
) .

BN

- slow dlsp051tlon half llVes ofomethlsazone, respectlvely

A“'“_the exlstence of the two compartment open'model

pharmacoklnetlc proflle followrng the 1ntravenous admlnl-";

stration of methlsazone. In practlce, 1t was not found

i

{feasrble to admlnlster methlsazpne 1n;ravenously to rats.
Thﬁs concept of a per;pheral fompartment is- presented
e . <,

- on: the assumptlon that the methlsazone assay procedure was

. _f.av

sufflcieatly spec1f1c for the unchanged ﬂrug. In b;o- «"u

id LY

“avallaballty studies, the spec1f1¢1ty of ah assay procedure

R TPEIEN

characterlstlcs w111 1nterfere w1th the determlnatlon of

;uﬁchanged drug 1n blologlcal samples. The lach 0¥ specmfl-'.

\l

c1ty of the. assay w1ll in such cases result 1n an Qver—
,estlmatlon ofvunchanged,drugrl | |

»

”



»

Informatlon pertalnlng to metabolltes of methlsazone

could,not be located 1n the llterature. For that reason,

fno attempt wasLmade to demonstrate the spec1f1c1ty of the

k)

analyt1ca1 prpcedure used 1n the present study. Wrth thls :;.3’-;t

in mlnd the relatlvely low recovery of methlsazone from;
1

Splked blood as opposed to the hfgh”recovery from splked

urine could suggest that the half-llfe as determlned from /

lt becomes dlffrcult to speculate on whether the dlfferences

i

obtained for the blologlcal half llveE of methlsazone are o

~ ¢

hreally due to the prESenc of a second compartment, or’

, whether they are due“to the overestlmatlon of the half-

R

‘yllnes—as a resurt of the non-spec1f1c1ty of the assay

Co, i
:, lncrease“the bloavallabll;ty of methlsazone~from solid dis-

C$

pfacedure employed for the urlne samples.» LA y--t,;
x The statlstical-analy91s of 72-hr urlhary excretlon data

for methlagzone, aﬁ presented in Tables*XXXII and XXXIII, i

reveals that both urea and polyv1nylpyrrolldone 31gn1f1Cantiy -

-

persrons.' ‘ n; , . 8 ..f;v ’ R s
I . . 4., _v, ) S ]~ S .“ . e v . i

,f'-v In the present study, phase dlagrams were constructed

E W KQ

to ascertaln the phy51ca1—nature and the percent comp051t;on'

o of SOlld disper51ons formed' Thermodynamlc an? kinetlc

parametérs for the blnary systems were determlned to help

.a' re

- elucxdaté the operatlve mechanlsm by whlch SOlld dlsper91ons

-

could 1hfluence bloavallablllty of drugs.. on the ba51s of o

~

thermodynamlc analy51s of the methlsazone blnary systems,
1nteractlon between the components could be con31dered as

-.negligible.‘ Qn the other hand,vln the case -of sulflsoxazole

Cos

A3

>t

'f'the blood data was underestlmated After such cons1derat10ns, o

L
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and sulfamethoxazole, the magnltude of the thermodynamlc
m;y" parameters obtained 1nd1cated that 1nteractlon between the
. ",components could not be ruled out as one of the mechanlsms
J:fl affecting bloavallablllty of the drugs. .V»@g

g 4 was shown earller that the dlssolutlon rates for thef

. "

,two sulfonamldes from the phy51ca1 mlxtures were faster ;
Ea

“f'than those from &ge sol:LdT r51ons. Thls fact seemed

<

ft of dlssolutlon rates from )

"to 1nd1ca§l that the’ e
‘idphysical mlxtures could < due to 31multaneous release of both
.“the uncomplexed and the complexed spe01es of the drugs. In'-
other words, the dlssolutlon rates of the drugs from phy51cal

'aif’ 1v’m1xtures would%ﬁt the sum of the dlssolut;on rates of ‘the.
. L i ;O

.uncomplexed and the complexed drugs., In contrast to thls,

‘the dlssolutlon of drugs from solmd drsper51ohs would depend

; .ﬂf§} upon the drssolutlon rates of the complexed drugs alone.s_-

’;$;a;wb’;'f' Based on such concepts,’lt ;eems reasonable to assumel f
' .«t‘ that the drfferences in- the dlssolutlon‘rates of sulflsoxazole

'fﬁ'. and. sulfamethoxazole between the solld dlspe;slons and the

»'physlcal mlxtures are agaln most llkely due to lnteractlon

-

51;;f‘@vj;nbEtween'the components. It should ‘be noted however, that
- Qlﬁ Notillnsofarwas the methlsazone‘blnary)systéms are concerned

‘ | “such’ dlfferences cah not Sé attrlbuted to 1nteractlon S ;“iji
_'between the components. The fact that dlssolutlon rates

of thls drug from SOlld dlsper81ons were faster than dlssolu—.

4; tlon rates from phy51cal mixtures wouldﬁsupport such a con- B

L clus;on.' Thus, 1f the assumptlon is® correct that absorptlon

-



1

. of sparlngly soluble drugs 13 rate-llmlted by the dlssolu-'~"
.tlon process, dlfferences 1n dlssolutlon rates wril be

"related to dlfferences 1n bloavallablllty of drugs. sThef:

3

Aflndlngs of the present study seem to sugport thls assump-

ﬂtlon 1n that the dlfferences 1n the dlssolutlon rates of

"sulflsoxazole sulfamethoxazole, and nethlsazone between )

;the solld dlsperSLOns and the phy51cal mixtures are related

°

to the dlfferences in the observed bloavallablllty of these

.
drugs. _ : 4 , .
o - } -
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b
=3

T T

SOlld dlsper31ons of sulfrsoxazole, sulfamethoxazole,
p:iand methlsazone were prepared by the solvent evaporatlon
technlque uslng both urea and polyvrnylpyrrolldone Qéywater
,soluble carrlers. Thermal analyses of the blnary systems ‘
‘t'were carrled out by the caplllary meltlng pornt and’ dlfferentlal
fthermaiﬂanaly51s methods. Phase dlagrams were constructed
f from the thermal analy51s data obtalned on the evaporated
mlxtures. Equlllbrlum solublllty studles were conducted to-
investlgate the effects of urea and polyvrnylpyrrolldone

on the SOlubllltleS dt sﬁiflsoxazole; sulfamethoxazole, ' VvS-r

#

\—/énd methlsazone 1n water. On the basrs of the- solublllty

_Ldata, thermodynamic parameters were determlned for the 1nter- jf
>aptlons between drugs and carrrers. Dlssolutlon rate studles

(.vwere undertaken to ascertaln the rate constants and percent

? 8 : .
rd1ssolutlon tlmes for the pure drugs, physrcal mlxtures, A
i »
_and solld dlsper81ons. Finally, comparatlve‘bloavallabllltles'

t

fof pure drugs, phys1ca1 mixtures, and solrd dlsper51ons were

~ ' RN
Jwere evaluated in rats usrng a completely random de51gn.&,, ..-‘v
As a result of the present 1nvest1gat10n, the follow1ng1‘

Tmaj be concluded- ' *“f;-- i _tnms.f.:_ii_{ .f ';'; if'
1. :Sulflsoxazole 1nteracts withcurea tojform:a comp;exi
.pw1th 1ncongruent meltlng pornt.v . |
2. Sulfaméthoxazole and urea constltute a eutectlc

'systemr



zone -form glass sof

‘'system. The stomchlometerﬂ

tfzolespolyVLnylpyrrol;done sy

.The‘interaetion between methisazone'and urea 4%,

£y

brlndlcative of perltectic ¢omplex formatlon.

hE

'On the basis of the DTA studies, 1t is. suggested

that sulflsoxazoleb‘sulfamethoxazole, and meth;sas_

e

fions With BVP:” o _,‘f

‘The sto:Lchlometry oﬂ"&:he binary hydrogen—bonded
'complexes is apparently 1: 1 1n ‘all the cases

' _except sulfamethoxazole polyv%pylpyrrolldone

I

=thS for sulfamethoxa—

L

at 25 and 37 C

appear to be 2 l and 3: l 1vely.

"Slgnlflcant dlfferences ‘weré ound in the dis-

’solutlon proflles of sulflsoxazole, sulfamethoxazdie,,gﬂ-

A i

»,andamethlsazone. T o B

In the case of sulflsoxazole and sulfamethoxazole,,'

the dlssolutlon rates from thsrcal mlxtures were

51gn1f1cantly faster than those from solld dls—h'

'lber51ons.h Th;s ls presumably dUe to the 1nter—

action hetwe%n the 1ntact drug and the carrier

mdlecules during the dlssolutlon processﬁ Howe@erj,‘é"

s

' these unexpected lnteractlohs were not observed

durmng the dlssolutlon of meth:sazo e from phy51cal

mxtures .

)

Both urea and polyv1nylpyrrolldone 51gn1f1cant1y

’reduced the extent of absorptlon of Sulflsoxazole

Ve

'and sulfamethoxazole from SOlld dlsperslons. Con- .

R



.T‘versely, urea and.golyV1nylpyrrolldone 51é‘gficantly

10.

11,

solid dlsper51ons. - o f'

tThe reduétlon in the bloavallablllty of sulflsoxazole

‘mlxtures contaxnlng urea and polyv1ny1pyrrolldone‘

551ons contalnlng urea and polyvxnylpyrrolldone < 5*; i

‘_of the drug. ' Coo

1ncreased the bloavaxlablllty of méthlsazone from

- ! . T

S

o~ .l-f
\.’.ﬂ_l 4

¢

ta1n1ng urea'and polyv1nylpyrrolldone ‘may. be ac-

counted for, in part at least by the fact thatr

‘ the drug and carrler melecules_ex;st as complexes

2

'ln the SOlld state.

The . enhancement Ln the bloavallablllty of
5

sulflsoxazole and sulfamethoxazole from phy51cal

,would appear‘to be related to the formatlon of

'“soluble complexes between drug” and carrler

s ¥

molecules in aqueous solutlon. o T -
: : o
he absence of complexatlon between the components w '3

would suggest that the enhancement in the blo—f"« 5‘ﬁw

¥

avallabll;ty of methlsazone from.sdild dlspered .
. £ A?;"ua

“

<

o Qg vm ""r].

-

. could p0551ble be due to particle -size reductlonm\f;iqg};

RS

>
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0.50
1.00
1.50 -
2.50

1 4.50

of Urea conc

Snt ations on Aqueous Solubility of

Va;ious Drugs at 25

."
L&

Urea,,

<.

g&lubllggy“, mg/loo w1l

o

’»Sulfasoxazole.) Sulfamethoxazog 'f

0.00 .

2.00

3.00

400 o

,. 5.00’

ey

15, 353f0'706
f16 7ss+o 204
18 ez4:o 29

bz'f-

125.500£0.353

©130..7940.353

jzo;ossgo,lvg-,f'
©21.765:0.294
23.824:0.294

}32,558#0.353“gj4”

28.61820%353
58.77210:530
"61,49410.53o]f3A]

i5fi??#1§¢o 877b
42, 105:0 526 o
48.24610.526

‘ﬂ;sz 632:0 526
27.353:0.294° .

“:J43:359¢o,525ff;.7
© 46:491£0,526

| 50.000£0.526

" 54.38640. 530f L
>57 01810 .530

*

1. 301*0 070

-}1 30110 041-‘
?;1 233:0 041,;;

T i*éoi:o'o7o'
- L. 301:0 041"

1.301£0.070 -
1.370%0.070

Tt i

le
IS - e

hE

(SR

- . . R - ‘ R
} »le‘ahverage'of three determinations with standard deviation
o

-‘Methisazonevﬁ*”“’

b N

Aoy

S

C1.30s0.041

1. 30110 o41_°:*”

31;43eio;070,fvﬂv'

Solubility of pure drug‘ J.n distilled water at 25°C B B 5
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_;.Effect of Urea Concgntfations on Aqueous SOIubillty of "]
'~Varlous Drugs ‘at 37 C _ . .

'Ureaf,-

YW/

' Solublllty . mg/100 ml

Sulflsoxazole

. Sulfamethoxazole E

‘ﬁMethisa26ﬁéf_

s

'p,OQf

o us0

2.00
l‘f2;56;r
~~-3 oo“?”

";26:485:1~§10
u33 382:0. eez?.Vu'
43. 088:3.676. "
50, 000:1 47ou'
58 38213, 676'
. 65.735:0.882
. 73, 52912 .941

77 193:1.579P
85.438:1.053 -
. 92.983:1.754-74“

b"

°105.263:1.754
 110.526%1. 154 ;‘A'

120.526+1. 053 '
129, 825:1 754%

1.918+0.041
. 1.918+0.041

. 1 712%0. 041b

1. 753*0 041 :

1.890£0.041 .

' 1.959£0.041.

’p?;1k4:0;040~7'"

L RST T
CEaT e T

“\ 3 50 ,

vf;ae 353:1 47oi"f ‘138 070:1 osa,iv/_.=2“123¥o 070

‘4. oo~7 f 91 175:1 470'/".,146 842:1 053_; ﬁ732 12310 070

“§.50° 437‘93 52911.470 aJ\156.14o:1 754.;2k-‘»2 19210 070

. 5.00 - 104.853:0. aaz | }f;56514011.053ff l“‘:z.sjoxu.oqo'L'

‘~:T°Average of three determinations with standard deviatxon oot

"'uIbSolubility of pure drug in diatilled water atv37 c j:'}




Effect of PVP Concsntnations on Aqueous Solublllty offl"'*

_— Various Drugs at 257C.
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§‘755 26310 000
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"_L;301¢b.d76§4f 
'1i181zd;04eff"f
2. oss:o 000
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Solubility of oure drug 1n distilled water at 25 c

: :”'N' § -
SRITE
173 630:0 Q70 fo

Y

E



--"‘MJ Co : Coe L e o : | ‘ PR ’ai\

| i . e a

qg VB, cOncsntratlons on. Aqueous SOIublllty of Lo N
pugs st 37°C . Co o

hat Solubillty R ng/100 m_ e
3'1 Sulflsoxazole Sulfamethoxazole - j»MethieeZOner;?:;géﬁf

‘v"77.19311‘579b " 1.712:0.0408
84.737:1.053 sf‘2.1§3£o.o7bef )
i:794.21111,653.,-e":2;534£o.d7o;lfaj 
| '1oif754;1;j$£ . 3.151£0.000 .
eé 16340. 291'~' 107%018:1.750 3. 493:0 070
142e506:o,485' . }119;29811/950; o 4.178:0,070 R
3. oo;-;"45.957&0;2éb'7jafr122-907:1“§do*f:r as20£0.137 L.

| S350 49-160:b’582’*_.rr132 807:1.053 5;;3710.050» o
e '4,od",e,52 75210 582 ;“l14o 351+1. 150 ,‘; 51653105163'

]4.sbr“ev55'%53:o.gwova . 150.877¢1.800 6.233%0.070

5.00 © 59.206%0. 970;1 | 157.895:1.750 J“.5,84éto.o7o e

AN
A o

."-

% Average of three determlnatlons w1th standard deviation' Qr

iy

'~<

'  -f_’bso1ub111ty of pure drdg ln distilled Water at 37 C
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TABLEYA-5- 47_-f - <f_1’12fff7, ;
.iData for D&ssolution of Pure Sulfisoxazoleb'in DiStilied_e
.Water at 37 : ‘ , o o

.. ‘-‘ : . . . ) B R S PUCLNE . .
R .. Amount
. Hours .. Dissolved

7  'Percent - Percent

¢ '*»'Qiseolvgd;,»-‘*_'Undissolved}g_'f?

P o a -
Voo R . . S W
e : o Vo : .

©0.38 v 2.27:0.20 0.56 - 99.44 o
‘rx'b;SPff}v"’, $§i34£0;221v - :e 0.92 i”j" . :99f°83;wﬁ
"r"il*qijs;»te';" 5;3é¥5?3°°\7' o1 | 98.69 L
x}l'*i;ﬁdfkgi'-u.§.63£bL290W5\\J4\:1 63 . 9es.ar .-
7$,i,567~'f 9.30:0.446 :t-l \\2 28 - ‘i'_ :§7Q72a o
L=< 2,00 . 11.5740.432 . 284 . en.16
S 3,00  15.98:1.537 o 3.92;-*'5 . 96.08 efw} ]'f
21.66:1.815 . 5.32° 94,68 B
28.05:1.931 6.88 « . 9312 .,

32.23:2.050 Z: 7. 91 . 92,09

4 . S -
_ Rotating-Basket Method used - S o LN
e bWeight of pellets *~4o7 63£0.503 mg.,

Average of three determinations w1th standard devratlon- o Q?:v




) . . o B S Ce ) o Y - :
P RN - . N o . G . o B .

'*,TABLE_A-ew-“x
LA V.' . - - )

'Dat a. for Dissolution of Sulflsoxazole-Urea Physical Mlx-E'
 ture in. Distilled Water at 37°C

Amount . Peréeﬁé“x_{ o Peréent

<

La

0.25 2'53&0'27§;j T o900 '*'}.99.10 »

o.7s . s.eeso.0sl 1. 95- _ AR 98 05
.00 T 17:0:180" 2.0 97 507
. 150 . 9. 59i0 145}FC o330 . -:ﬂ.95,7or .

© 2.00 12. oo:o 223 412 - 95.88 °

.00 180 oxl;lzsl{ 642 93z
400 -56,56:0.73§;f’45 a2 S os0.88 o

0 os.00 . 33.46:1.103 1L so - - 88.50 °
- 6.00 - 37‘891;,147},-,; ‘13, 0 .. 8700

Rotaﬁzng—Basket Method use _ _ , :
Weight of pellets = 408101570 mg. ‘(sulfiloxazole = 70%)f?'

Average of three determxnations thh standard deviatlon"

N

So0.s0 - 4 32:0 224~ 1. 50 98, 50

 H°“Isf. - .Dissolved ~ -pissolved = Undlssolved e



E
3
Cen
- - .

Data for Dlssolutlon of Sulfisoxazole-Urea Solxd DlsperSLOnb

in Distilled Water at - 37°C

' '/’” e v-"~ { , Percent - - Percent o o
7 Hours | 91530 d f';_Disso1yed; . Undlssolved L
N - _ R

0i250 2. 45:0 173" ~ . o8 ,1‘t_-: Hv'99,}stj'-f:
050 o 4.5710.140 . - 160 oesdo |
T %o Le.2as0.100 220 9780 o
S1.00 'nj;s;;o{iaq‘f*fftq*72i65"'”" "_.,tf97g35'r'”
150 >:39.74i0;3§0_"5-'f';j»3.3§ e 9662 . ¢
72.06"5':;i311;83$0;192~‘7:.2-¢5’3}ibf,; o esi900 .
3.00 17;95;0.440'7~.,;ff'é.23‘_}?,, C a3
T oo{:_*;_?7249idzo*906- o 8.36 L 9i;64_"‘\
1‘5 oo-_;‘,:127 30:1 440 o =9§A7f S ._"90.53”t
. 00 ,,»132 20¢o soo S 11;26 ’ 'i_‘5'\_f189;a0

Rotating-Bhsket Method used

bWelght of pellets = 408 43:0. 965 mg.‘ (SulflSOxazole = 70%)

T-gﬁ Average of three determinations Wlth standard devxatlon



' ,fvgﬂff:“_ --,“; ' R .,fj7;;; __,~w,_;';;‘l', ~',Q.' LT LN
| , Data for Dissolution of;Sulflsoxazole—PV? Physical Mlxtgreb-;;g;?f
‘- 1n Dlstilled Water at 37 C. {»V-,_ . i

Fe e Amount - o ;” r§f Percqnt f ‘Percent.
"~ Hours Dissolved . . Disso}ved Undlssolved

o

o odes  .:];' 12’45£0~615.,'};:f :lz 45 f*;g:'_*ﬁj 87 55
0050 25 81:3 esoﬂf;7'~:~ 25 a1 . . ‘74, 19 :
0;755_.; 39 08 3 685 w;:;- 39. aa),;‘f.-;-- §o,92r

1.00 . 51 64:1 480 > h;l 64;72__-‘u_ oas.3k

.1.50  66. 88t3 066 - 4,; 66.88 © :.33‘127e,"

2

\ 'szibd “4'”;,,§¥r5415s963 1 o 81-54;ﬁff-""”? 1s. 367f“- ;"7” 
f '\g2;5Qﬂ7-fv."9é 98:3.905 - §£ 9849  f(’)((3. 702
7 a0 9m.00:4.507 T 9. oof'l.j'   }: ,2eod  "
‘Jg,doﬁffy 103 8023, 0755y;;ff 103. 80}j’j R R

-

Rotﬁtinb-niec Method used

75§ ) {

¥
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.

© TABLE A<9 - :

Data for Dlssolutlon ofoSulflsoxazole-PVP SOlld Dlsper51onb
Ain Dlstilled Water at. 37 Cc

L ': ,.,"'4 , Amount -7 ﬁkf}- fPércehf*f~ , "j bercent _'
--Hours*ﬂg- L Dissblved ’ . ‘Dissolved L \Pndlssolved

o S »j %,
0. 25 G :6662¢o.44o-_ ~% - 6:50 93,50

0. 50 - 12460£0.750° S g-jlz. N 87 60

0.75 . 19.66:2.245 . 19.27 "='so 73"

U 1.00 ¥26.06:2.593 U asisa U 7446

oy

\ : jn,_ | 61,4‘;5 SRR

" 2,00 -‘350 15£3'2id'ij‘ﬂ',  49116}f. %“,w7"f~M5d;é4: 1 |
3. oé\ 73, 7413 910f5“: ’;; 735294 _;ffl | i’ 2;;7l$ 5; g

'lgy.:_4,ooﬂ_j- ‘102. 2613 406?   :fﬂ.106;2§ ;_ji e 00105

. - . - : . I . : . N . -
I Lo . . . e - A .

iR ; Rotating—Disc Method used

. 1.50 }{,,;1}39;3;iz:1o4,-;,, 738,55 "

b406 mg. quantitathgly tran?ferred and compressed (PVP = 75%)\.4

. R

Average of three determinatibﬁE“wtih standard deviation 'jvuii,'f

. . BN - A_.- L BN . . E - - g . “-
S VR R S _‘ir e
. . - . + .o . .




Data for Dsssolution of Pure ﬂulfamethoxazoleb in. Distllled‘%

"a

Water at 37°C

,“":fﬁxﬁiﬁ-fa;lows

}_-.\' L

Q«

Amount
Dissolved

Percent B
Dissolved L

.‘ .‘_"

MG ze

Percént

Undissolved _fie:f;

S

 Teas
o e .ge /50 ?l',i
B
. n00
*f%,.-jlxso;
2, ooi
300
h,qof;”

-;fé;ob,f‘f

5.00

oy 21:0 351'ﬂ::

“f 236820877
‘25596tb-dbéif
'f<43 98:0 aoo::f.i‘
56. 32:0 885_":.'
_l 69.23¢1% 843V_]15'
ﬁ_f85;0411;336_ff

8. 7711 228
1119920365 . - 2,98

. 15.15£0.664 -

3.80°
"73'5996”'

. 10.90
: 13’99

N
1120

!1 osv_:f |
.v i 2 g .18.;"4,"

¥

gé‘ 95 j';* ‘ :

Qi97 82;#?;=C‘;Hl
L

- 97. 02

“96. 20 qufjl;g

li'_94 10 ) 4'ffriﬁt
’i92 5§~

89, 1of”

86,017

;82 80 _5fy,];§y:

79 0 o

g&ight of pellets - 49§12 mg.~ﬂ"' '

1','

4 . - '

Rotatlng—easkethnethodi3355'”

.".'.'

Lo

Average of three de%ermlnations w1th standard devxation

S N




' ‘paga®

" MixtureP

TABLﬁfMAr113

for Dlssolutlon of Sulfametg xazo
1n Dlstxlled Water -at 37 E

. -

-

le—Urea Physlcal

“Hours .

N ¢§pt ;>$ o
Dlss .

f'Dissolved -

PeLcant

Pgrcentfr
Undissolved

®op.25

© 0.50

.0.75

1.50
2.00

:3500

4 00
5 00

6.00

4,6213,'.554; E
- 8.38:0.708

29.91£0. 885

| 43.40:1.350
- 57.50£2.800

:21.98+1.520,

Q.

11.61%0.767

" 69.25:3.366

o 83;02:2,83‘

14.84£0.871 =

-

“_6,105 -
" 9.04

12,30

T 17.85

413;64

~28. so?'
315

3.45
4.77

T 2
7

5o
' 96.55
93,90

.t 90.96

87.70°

.7 9810

95,23

. 82.15

S 71.50
65.85

" 76436 -

Rotatlng-Basket Method usgd

‘bWelght of pellets = 407 8013 34C ma.

Average of three determlnatxdns with standard devxatlonf

(Sulfamethoxazole

60%)

192.



LI R TABIE A-12

!

'_,Dataa for Dlssolutlon of Sulfamethoxgzole~brea SOlld

Dlspeghlonbzln Distilled Water'ag 37°C

‘ o N
s Amount
- Hours = Diésolved

Percent

Dissolved:

percent

“Undissoclved

0.25 .. ,4.45:6;520

0.5 - 8 0520.115

« N

.. 0.75 . 1l 44:0 185
1:00 ”'_“';4,8010.365

150 21.16%0.900 ,

o | -
2,00~ 28.20£0.880

3,00 0 ‘40,5011‘750"

© 4,00 -, - 51.90%0. 8;////”
75,00 63.40£L.5

6.00 -73»8913.4u5

o 1.80.

3.30,
/
4.6§ .

6.03.

861
' 16 so?f

- 30-00,‘° o

98.20 +

196.70
“95.34

'93.97

91.39
88.50 o
83.50 ¢
1'78 90-

74. 20. -

70.00.

' Rotatlnngasket Method used

hﬁeight of pellets = 40611 30 mg.

e

lsﬁléaﬁéthoxazdlé ?-60%):5

Average of three determlnatlons w1th standard devxatlon

o
AN

BEY T



P o BRI TABLE A-13 ¥

e . pata® for the Dlssolutlon of Sulf thoxezole-PVP Phys1ca1
/ ‘ Mixtureb in Distilled’ Water at 377¢ . L

_f)" \_". e -Amou&E.-"e _ Percent p - Percent"A.

Hours . ‘Dtsselvedc‘_’ ~ Dissolved = - 'Undissolved

025 14.02£0.870 1350 ’;*": 86,50
0.50 . 26.35:0.875 25.50 3 J4.50
L 0.75 55'39 6011 7so;i ‘;,1;38.24 | 7"f,* 61.76
1.00 . 4s. 42:1.775 . 46.75 R 53,25 o
150 A7o 53:2.380 6810 - 31.90 - \\\\x\
2,00 - 98, GOil 150 95.20 - ‘4.add D
ae . y .

© 3,00 ».j105,}0i1.040 101,50 RS

- ' . N . V|

Rotating-Dléb Method used _ - ».ﬂi
~ b400 mg.. quantltatlvely transferred and compressed (PVP = 75%)

_f Average of three de#erminations with standard deviation S

—



i . I e gy

Lo ‘TABLE A-14 o

’

slon in Dlstllled Water at 37°C

. Dat for stsolutlon of Sulfagethoxazole—PVP SOlld Dlsper-

"\ —

: ; Amount P - Percent . — " Percent- .
'; Hours o Dlssolveé- ~ Dissolved . . Undissolved

-

0. 2st) - 8.1020. 171,;‘ﬁ' . 7.60 ¥ 92,40
0.50 15.41£0.251 - 14.50 - 85.5@

0.75 f 22.9040. 850 21.50  78.50 .
1.00. . 30.22¢1.315 - 28.40 | -71.60" 7

1.50- - - 43.70£0.490 . - 4L.10, (x_.'”f . 58.90°
2000 5811010 910’ . °sa4. so// . as.40
3000 . 85.60£0.468  80.56 © 7 1e.50

E 4;00_“';%”106.7710;981, o 3100.00? .7 00.00

 ®Rotating-Disc Method used AR I;/,‘

LJ -

400 mg. quantitatively transferred and compressed (PVP“— 75%L

‘d Average of three dgtermlnatlons with standard dev1at10n

«

/



~TABLE a-15

' Ddtav for D&ssolution of Pure Methisazoneb in(pistilled T
Water at 377¢ . , . R _ R

.

o o Amount t"f ‘-]Eerceﬁtljf_d - Percent
Hours B fDissolved.t : ‘Dissolved = = Undissolved

24 1L 50:0.182 0.3 - 99.63
8. - 2. 24:0.180 ©0iss o 99045

S L1 oz2.s0.100 . LTI T

- e ssjéfh-ldva,ze:o,;so‘_(- o *o;si;_ e 199;19

| 120 ;',"'j3{9?;0{iaol; ~tioe o '99.00

o i_»e aRotﬁtihg-Baeket’ﬁéthbd Used "i’ _ ._'_f I TS

3

qgight of pellets = Qp4 9010 550 mq. .‘ﬂ:} RN _t ”;g-

Average of three determinations w1th standard deviatlon °

.




.‘T?&Bi;E".-A;l,G S

Data for Dissolution of Pure Meth:.saaoneb 1n Dlstilled
. Water contalnlng 0. 01% Tween 80 at 37 c ‘

.~Amount. o ‘ Pergent R | Percent

. Hours . ADissolvedc " ‘]Dissolv66,_j';;' Undissolved -

6 ‘,‘-4,'-vsteto'ozqu‘  I PR ;‘\59:66
til?:au ‘;'f‘»z 1420. 2sov e “.'fdfsaf.ﬁ R ' 99.47
: 48 S ., 5\_.12:9__,;55,;»»5‘? 1-26 R L "93;. 74 .
R .5.94:0.300 146 . 98:54
EELE 6.22:0.340 . 153 o gear
1200 fl6.22id;290‘ Ccwsa o emar

- Rotating-Basket Method used
b

Weight of pellets - 406 7u;1 74 mg. f¢,-. ‘j@ V'f-‘ e

ﬂ Average of three determinations with standard devratlon

U 197 DR



.-Data " for Dissolution of Methisazone-Urea Physical Mixture

o in Distilled Water at 37%
in Distil .

L Amount ¢ "Perceht o .;Petceﬁt‘ S

* Hours ' Dissolved R Dissolved . . Undissolved

-3 v»Z.BOtO.QQS," --€1,1.38 S . 98.62
. . . . -’1; . . N ' . - “__~ . . 1 )

e 4’3°*°;34Qn o202 7 97.88

18 . 5.1280.101 - 2.52 T T RT3
L124_ i !‘5;3410,005; i“";i z;séf,_v-;ﬁ: sg[?§7.37'
30 5.63:0.098~ - 277 . 97.23
42 s5.98:0.107 , 2,94 97,06
"7ff54 il] ?;5'?9?°ii§ity ;_.filz;és B )'.:j‘ gi.QSi'Q
78 .6.17£0:104 3,04 - ,96f96f,:
96 "f,6523i0:17¢i'g.“i ‘-,3;07"_ L 96.95
’;:1éo’f 3 _:Gfé'zéio'ivdf,;t 307 9693

Rotating-Basket Method used;[ T
Weight of pellets = 406. 33:1 27 mg. (Methisazone = 50%)
‘f, Average of three determinations with standard deviation

b"



o TABLE 5;18,{ t DR

.

‘I—)at‘a for stsolution ofoMethisazone—Urea Solid Dispersa.on ,
:.n Distilled Water at 37 C -

Hours = '_f 2 . Percent . . Percent
R o ' ' Dissolved . © _Undissolved

L ‘Q{;: "»: i.éjiotzid.d- i'”'ﬁ 0.62 -d = 4»1-99;38v
© 24 2.2420.520 110 - 98.90
-i‘, 42 3.21:0.260 _;[//»ti;57;‘ P TIER

;,54 g 'i'3 ZQ;O/if/(ff/ B 1;#51' - ﬂ_-;“'93,17’
18 4.49£0.700 B 5,203' . 97.80 .
96  4.84:0.500 20 97.60
-1129= | . 'i_s.ao£0;430*_- o '2,6ofi' S e7.40

Rotating-Basket Method Used A o
& bWeight of pel],ets = 404 40t0 930 mg. (Methisazone 50%)‘4-.

Average of three determinations with standard deviation :



R -
R T - |TABLE -A-19
. 1 T , . AN
Data® ~“for Dissolutlon ofoMethlsazone-PVP Physxcal Mlxtufeb -\
in Dlstilled Water at 37 C S D

'

. ‘ ‘»Amount'c‘3'i:“ Percent ::, : "'3Perceht
Hours = Dissolved™ Dissolved’ - ~-.Undissolved

0.25 . 1.44$0.091 ;1;42,7,fe " 98.58 | |
0.50 2.65t0.001  -2.62 ~ 97.38 .§§§§ZT.;
©0.75  3.10£0.053 - . 3.06 . 96.94 L
. .1.00 '1]‘v374010 101 - 3.36.  96.64 .
150 _~"3.77:0.050‘-' B ‘3.73',4 o "96.27f7_'d“‘5'
12.00 3.91:0}10bl(’f' . 3.87 '»96,13
3,00 © - 3.91:0.100 N 3.87 » 96.13.
. 5;00’ o 3.91:0;10@; - 3.87 _”'- . 96.13

Rotating-Basket Method used

.

Weight of pellets 408 80:0 854 mg. (PVP = 75%)

Average of three determlnatlons with standard deviation




N . mABIE A-20

. Data for Dlssolution ofOMethisazone—PVP Solld Dlsperslonb
in Distilled Water at 377€ : o

- Amount'ch .’ percent . - - Percent .
Hours . ., Dissolved™ : Dlssolved - Undissolved '~

0.25° - 1.5740.132 . ;,i31.535 R TR

Q

0.58 - . - 3.2780.160 T °3.20 . 96.80
T0.75 » .'4.76£0.105, N S T ' 95.37 -

1.00 ) &'_'6'.;43:6;.'1"01" | " 6.25 o _' 9;& 75
1.25 ‘}_6 7540. 050 o §.;s;s7_._‘~".' :~,93;43
Lso 7. 0710 175 690 gggj;;of_a-
2.00  7.3200.113 - 7.12 f'lfgﬁf 92.88

3.00 V7.32¢o,210,.n  ©7az2. ¥ 92.88
6.0 , ,:-‘;7;4;;031753 S .22

Rotating—Basket Method used -

b

Welght of pellets - 405 6011 50, mg 14 75%) ',” e



L

"vln Distilled Water at 37°C r

'=Data for Dlssolution of Methisazone*PVP Physlcal Mlxturebf

T Amount . Ppercent . -~

e Houwrs. °°l.ss<>lveq° .- Dissolved ' un

ercent -

issolved .

: {o;és . 6.89s6.050. . ;;‘dplsd T
R o;so_' Ualss0.170 ¢ L6
'0.75,5*_.;]é dOidtzli,deEdVyt 2.02
1000 T 2. 24:0 090 . 2.26
L0 . 2. 63:0 osn g
© 2.00 ?1? ~ 2,960, 052? © 7 3.00-

£

© 250 0, 3. 14 0. osoj ';'j;‘:'3;£7* T
3.50 3. 30:0 052'; S l3.33
450 - 3,40:0,101 L34

oo,

e B0 _3.51*0«046"3 o 3ss

2.65 . 9

I

99.i0

98,44

97.98

'{-97-74‘d
97, 35;“

97. 00

. 96.83
“ T 96.67
~ L o i Lo T < i

©.96.56
96.45 "

Rotatlng—Disc Method used
b

400 mg. quant1tatively transferred and compressed (PVP

Average of three determlnations w1th standard devlation

T . U°
. A . . [
. ‘. e e
Ty . ' Lo e
Y
N .. . . 1
’ ‘ . -
s h ’ ’
hd t - -
. o - " )
Do Vd . L e
-~ .. .v. . -
« N
- Y '
.Av' . . “ :
.

75%ia5

¥



7.-iu Distilled Water at 37°C

- *ifi;wasnseiezz,',-._;;_ , Ao

'"Dete for Di5801ution>of Methisazone-PVP Solid Dispersionb

S Amount f“; ePercent {¥ fr R Percent :
. Hours - Dissolved R Diegolved - Undissolved

-;Q}zsvh;‘”_ 0‘48101050{ o 47 ;~__i"j_-'99;53 |

0.50 S o 97:0. 098 5fb 96 . o ~ 99.04 .
L le.7s 17201700 Tl . eessa
C1.00- 2. 2710‘140t'y’: | _i2.24 B ff97.167
‘1,25 2.800. 2150 2.76 ”rf;4,7_".197;24‘-"
N .50 ~ .3.5020. 08 . oA /L "96.55
a2, 00 _‘f, 4.35:0 oso; i‘f,;\f*g,zs;‘ g g ;:'95.71"-'
»'52.5o.v;;;_;w5.1eto,q72 T s3 ;9497
o 3;60  o 43;5519;056, R ";‘ gs.sd"i] T 9a.50
400 - 5.83:0.050 L S5 T 942
©5.00+ U 6.0240.050 . 5.4 S ea.06
f“fﬁ;odf‘t‘: ﬂi6,25¢0?b56’;4 ﬂi“.'7sl205;f‘gv’i;' V¥93.86751:'

.'Y

Rotating-Disc Method used :" ‘f*f'-"f, >:fi;,af':"
b400 mg. quantitatively transferred and comggessed (PVP = 75%)

- FAverage of three determinations with etandard deviation

S
.l" b




l

J

) ‘, 11'31‘ d Level Data for Sulfisoxazolez;Ureaq Physicar Mi

‘Rats

Q; TABLE A—23

l

e .

" fol ng Single-Dose Oral Administratlon in- Lfale Wistar

\

“B,lv.ye’d Concentration v N

mcg/ml

0.25

. 0.50 -
. 1.00

 6 no_
8. oo'*

G imoo 718,408 1.38 /\

’n{'}\ 97. 24:11 80 -

- 124, 85810, 00
£72.87524. 6o -
1262.9016.00
316, 93124 00

'_298 92:‘5 eal

) : . LA

+ 4670018200

o Che L a0
oo g™ N

a.

.»DQae 1eve'1 500 mg/kc# sulfisoxazole equlvalentj'._ .
> Dy xa€“f§ighed 44589 g -
ﬁlﬁ’ﬂean values from three rats

..
I e

fq)ith standard deviatlon

d\/ \./ T ‘ .
. 4 _.'.'
A i :
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LTy Blood" Level Data for Sulflsoxazole-Urea
,/ following Oral Admxnlstratlon of Single Doses in Male

e wlstar Rats .

v:JT331£}A€147:‘

"y

501id Dlsbersionsv

&

S
VLT

FTE

' Hours

Blood Concentratlon e mcg/ml

B 500-mg/kg Dose

- :

Equlvalent

@So-mg/kg Dose[7ﬂ ﬁJ

Equlvalent

i:fﬁutécpléb:sf

‘Incongruent:.g'f

"o,ésv
To.s0
' 1.00 '
A 3;60"
'.:C,  ;': A.Q0F

8.00
©12.00

" Rats weighed: .~

. ;

6,00 "

‘72‘83: 9.20
122, 85112 56;,‘
164 86 5. .93
230, 89:15 10,
‘,'208 88i12 00
o 1se. 86:15. 10 "
104: 842 9 20

27. Gl:t 9 W
12 eo: 3 60

f‘Incongiuéntc‘

|140.85:15.10

178.87%18.00

250. 90:“6“6o lf

304. 92*12 00 _

5:262 90136 50 .
'80.83%30. 00

. 15.20% 2.70

ﬂlao 87:38012;"'

-40.82110.Q075

186 90: 9.20

 1158 Bt 9.20 < -
5'106 B4xl5.80
©52.82:12. oou],f‘7
7 4;7,603 1;0Q '°_
12.00¢ 4.00

a )

HCE

'436:6:@;§ 

403&6 g .o

a48s12 g

.

Mean walues from three rats w1th standard deviatlon-.,

) N

e L

g ;  - ], bEutectic comPo31tion‘ a&S% su1f1 oxazole,_?S% urea j"”ﬁ”
70% sulfisoxazole, 30% urea

-_Incqngrgent comygaition.

90 84:12 50

’:120 85£<F/20 ;”"

 162.861 7.00
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Blood Level Data for Sulfxsoxazole-PVP Phy51ca1 Mixtﬁre

Rats

follgW1ng Single-Dose Oral Admlnlstratlon in Male Wista

~

r.

®.

24

tlf'BloedRConéentratiqnc,

v‘-Hours_f mcg/ml
| 0.25 - 142.85¢12.00 J
> 0.50 [ | 234.89:29.30
. '1.00 B '5328.9§§;0.491A '
2,00 . o 368:95ii,'33 :
A 3,00 z a336.93it2200i7
o _ o,
4.00 296.92118.30
";6;06" 138, 85:22.72
"8.00 44, 82¢13.86
__12T¢o/f ' 16.00% 3,66
Dose 1evel 500 mg/kg sulflsoxazole equivalent

b The rats weighed 463120 g

Mean values from three rqts with standard dev1at10n“

Lol

4

P
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Blood Level Data for Sulfisoxazole—PVP Solid Disperslon
follgwlng Single-Dose Oral Adm;nistratidn ‘in Male Wlstar

Rats® ~ e , e

. s o . ‘ Blood Concentratlon v,
\ -~ Houwrs . " meg/ml

Qw25 162.36135,20,;
0.50 - 284.9136.67
710000 . . 432.97+34.65

°;2;60' R ‘.3}6.93£12;50f
300 1234.8922.70
4.00 o | '”;»~i56.86:24.99'
\ 600 IR a68-§21'3'50J
Ces00 g 61+ 3.85

1200 12.80+ 3,60
3pose level: 500 mg/kg sulflsoxazple equlvalentt
Brhe ‘rats weighed 407:12 ¢ = .

Mean values from three rats with standard ddﬂiatlon

... : b))
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\ -, .Q:
o S -vTABLE"§727” S
FQ .-.Blood Lgvel Da for Sulflsoxazole-PVP Solid: Disper31on

follgwing Sin--

- , e-Dose Oral Admlnistration in Mhle Wistar
AN Rats

—

¢
o E _ Blood Concentratlon R
~ Houwrs . . i mdg/ml - " SR

T0.25 . - A"118;85127350 'ﬂ:,"
0.50 . 156.8636.67

S 1;eq#; o 'ffezzz 89129, 60
. / =" . . ) A . ) : v . V
S 2w0 > . \192 88:24 98 -

:3,00V':' R 142/86115 88
© % 400 T 90.8429.20
W 6.000 . . 60.82:18.34

;//¥++—\\- 7 80 T "20.00%3.46
Lo o B l. g ) R i " . . ) . - . e

e o - 12.00 - - o ‘11;201,1+40 ‘::;L:-.;v

Dose level. 250 mg/kg sulfisoxazole equivalent
The rats weighed 465122 g e o v
Mean values from three rats w1th standard dev1ation

b,
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| TABLE A-28

Blood Level Data fOr Sulfamethoxazole-Urea Physical Mixture
follgwing Single—Dose Oral Administration in Male Wistar

Rats

" ‘Hours.

- Blood’Concentration ;,

- mcg/ml

. 0.25

| 0.50 -

'(\11.06 .
2.00 —
'3.00:j

4 00
6 00
8,00

712,00

128;00j

L

727.50£27.87

1762.00£27.50

190.5034.60
320.10%27.87

531.75£42.00

© 719.57418.33

' 661 461‘9 20

60320215, 87
198. 40115 9of

Dose level-

The/rats weighed 42718 g

ol
4‘.

500 mg/kg sulfamethoxazole equivalent =

T

Mean values from three rats with standard deviation
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a Blood Level pata’ for Sulfamethoxazole-Urea ‘solid Dispersxonoi'

followxng S

S
' :JVHourS"‘

-Dose Oral Administration in Male Wistar: Rats'd*

Blood Concentratlonb, mchml :

”‘FSolvent Method

- Fusion;Method”:.

0. 25
0.50
1.00
2.00
3.00
- 4.00
6.00
178;60"}'Vn_
12000
Jo.00
28.00

Sy

. ‘Rats weighed: -’

| 214 28128, 60fjt
: 349 20149 60 nf
555 50479.40
. 761 90163.49
«593.12¢4o-oo7f*
 677.25:18.33
61905 7.94
 558.20% 4.60
- 275.13433.00
'“ﬂ‘fdéz_bdtlz;12‘V
-*ﬁffﬁj;oli 9.98

195.80£27. 87

328.00:47.84
455.00256.30
616.40£69.34 |
_711.64&52;865f
S 4..70.6.35!'49;‘60. |

653.44¢16.50'
'i1605.azi20;73"" _

| zé3,10;3é.1o“”[‘,'

100.53¢16.52.
| 35.7010.50

446i5~g-y

4405 g

b

ﬂaDose'lévol' 500 mg/kg sulfamethoxazole equivalent

PMean valuos from three rats with standard devzation

PR . oo h



. ']TABLBfAQ3d.:‘«
o 'Blood Level Data for- Sulfamethoxazole-PVP Physxcal Mlxture t, N
- following,SingIe-Dose Oral Administration in Male Wistanw DA

s

DR : Blood Concentration ,‘-f
‘Hours - - v_Jg;j ~mcg/ml ' -

Ce.s0 0 412.70:47.00

1.00 .,r,f;“,';;Z:-sqs,7d;43;6di'
~ ;2.5¢~1[ R '864.20§51loo;
AT T S '1f1~325'4o+42 00
4.00 2 i’ R Af'{777 80141. 901_1
) *fﬁlvs,o¢_5 REEI :ff.»jsl 30£33.00
.00 , ‘:;»?%jl?;677.25:4o,oou
Ht '12:60' trrr;;o? Q.;f;}510460#3i;1o"
v'».TZO,Ooier 'f:"ti~altr_lpé.50:1;.60 A.
28,00'. v_}f-;[:_'i“ ;'43;521e7,9o‘f”

Dose leve1-  500 mg/kg Bulfamethoxazole equivalent
The rats weighed 436116 g _ .
< Mean values from: three rats with standard deviatlon

s



ol

DR “ﬂ.ianrsz;31 f

: fBlood Level Data for Sulfamethoxazole—PVP Solid/DispeISLOn o
_.,:follgwing Single-Dose Oral Adminlstration in Male Wlstar ‘

-

.
. -

>  Bldod COncentratlonc,

-m.:;ﬁ‘gg_ .f,_ K f;z.;5f;349 zo:zs 62 |
” 7og§Q;f'_f~ f'f""f*:f513 23124, 25‘f:ff""L
f :1490 5t3 o  ’;'653.44169:3§'i“.*3
200 Y 767.20840.00
C 300 7 Tso9.s2anlis
400 dis.0s21.s0
_‘  16.Q9'; i"”t{:.'j'ﬁ=,64of21#24:25if ;”‘”
‘ff,a g0 o :5v1;§71;43t;$§37
‘12000 0 Y 23e.c0shzlo
o 2o,oo[ff'1*;,f © - 9re0£16.50

-Zabbse'lévél? 500 mg/kg sulfamethoxazole equivalent
. behe rate wexghed 453112 g ' ‘ o SN
'1f#cMean values from three rata with standard devxation o
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"TABﬁE'A-zz L

Blood Level Data for Pure Methisazone following Slngle- N
Dose Oral Administratlon in Malerwlstar Rats. -

———

. : . TR N Blooq Concentrationb,
s ... Hours .. mcg/ml :

d;sof ;5,2@3:”~v',’ﬁ -,;ﬁ.j;soio;44 R
C100 T as2e0.73
‘2000 . 10.30%0.74
Cae0 o 1Lzes0.300
,».;‘\ft~ 7%wwiw7:'4.do '“ { ', ”;'flf.‘ - 9.56i0174.-
| | '5;00>”5', »’.m‘{‘j'_?; ..7;3519L73
o ew0 . s.s2s0.85

Dose level- 500 mg/kg methisazone '_f_ '
bMean values from three rats with standard devzation"




Blood ‘Level Data. for Methisazqne-UQ
following S:Lngle-Dose Oral Ad’mnistrati

Rats .

g

¥ in Male ‘Wistar

U

Hours .

Blood Concentrat:.onb'

mcg/inl

0.50

‘ 1000 ~

2,00
3.00
¢ 4.00

5.00

600

| 7;4010"73"g?e“
“9.11%0, L85
10.00%1, sslg
,10.30t0,42»‘
8.82:0.74.

" 7.10%0.88

 6.25%0.97

aDoee ]'.‘evel”- 500 mg/kg nmethisazone equivalent

o=

bMean values from three’ rats with sténdard deviation

-

¢ ©



Rats.

”frABLE74A534'"'\
«

" Blood Level Data for Methisazone-Urea -Solid D;sper31on R
following Single-Dose Oral Admlnlstratloncln Male Wlstar _ﬁ:;

Hours

e Blood Concentratlonb,i

mcq/ml

[N S T

o 1.000
| 2‘00;»"

N

0.50 .

3 oolf4j1['

Y ool'

-5".°.°' -
o

| 8.3840. ea
A L 56£0.74

13.20£1.50

12.2520.88

. IA~‘ 'v “-,‘
12.00£0.90 .

. 9.800.90
7}8°t°o56{ A

e
y

Dose7léveik’

Mean values from

500 mg/kg equivalent lQFf,a‘

three rats w1th standard‘deviatlon -

. v."i“
¥

oas
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Te

| TABLE, .1.‘\-.‘ 35

Blood Level Data for Methlsazone-PVP Phys;cal Mixtuue
following Slngle-Dose Oral Administratlon in Male Wlstar

Rats. . _ ca e
: @ ‘; (
b

o R : o Blood Concentration . i
o .5Hour3u_ o mcg/ml SR

. e

IOVEB‘Te-f'i' S 1.f',_‘ 9 oo:o 78;_ |
L 00\\§ . 1. 30£0.73
2.00 ‘f!,7ﬁ-‘: ‘, f;11 5211 53
e T et
S e st
Co..osw0 T '11,001:/0..~8_5 -_4- SRR
: L 6§qo;'f"[4 L :1.,51f 8.1080.74°° .

L n o A "“'\ .
Dose 1evel~ ‘500 mg/kg methisazone equivalent , K
bMean values from three rats with standard deviation ) 'ﬁif[“

-~

e ! el 4 . Iy R q
o : o . . L PR oK
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o foABiE _A-36:i~i3

Lt

Blood Level Data for Methisazone-PVP 801id Dispersion *Vfij
following Single-Dose Oral Administration in Male Wistarﬂ.

Rats.»

. <

-

e ]‘ﬂ_ i“f; =
VAN

. Houts

HA

Blood

;\\\.

. 0.25
0.50

- g? S

-3.00 |
“ 4’.‘00 °' 

.
tasg?

.;,"'fys,bd'°
o ’é;ob | |
EEXTI
:,73 do

L

~

entrationb
qul DA

| ﬁ14-7o:o;70*,_

17.6520. 75

© 20.0020. 45;f_i

?sz,aq:p.ao;"i
- 20, 50:1‘56 

f"17 35¢1. 20 

_11.80%1.50°

ot <
,7
. ~

l ‘E[(i\-4()ii); 4{3‘v;_ >j} . i

9.80%0.90

aDose level- 500 mg/kg methisazone equivalent o

\

bMean values from thtee rats with standard deviation E




Ratsb

ey i-.k7g::, i

e .
\

)

Urinary Excretion Data for Pure Mb;hisazone in Male W1star
under uncontrolled urinary pH cond;tions.; :

.\“

, Amount
Excreted,

mg/kq

Mean cUmulative

v;»vAmount‘Excteted

”Excretion Rate,

mg/kqlhr

'«‘217:'-"

S e

0.625£0.050

- 0.930£0.120.,

S

1.97040.250

T e
-—w

.{'3 450+0. 040 N

%ﬁi-“ﬁ

L.

7f?{7 608&0 160 “"

e
-

| ' 3.540£0.500 -

‘e

; _L;;QOO:oisod‘ ;J-"

v emams

2,74040.500.

A

- :

- :1‘.6'40:0'.'0.5o.§§;'__}; 

. T e

‘. o18.119

-

-
o e

T2.20-

26 3oof _7_f7f5'

;0 312

" ®Dose level:
bThe rats weighed 38d110 g,”, ;j»ﬂ  _
Mean valhes Irqu~}r39 rata with st’

IR ilfiifl]»aaur_~ -

500 mg/kg

J'J

methisazone

~ .

’a¢¢;aeéia#£qh?:




B .')' .
. Hours -

%fngzszh;ggﬁﬁ-gaat‘-

a

'7forinary Excret;on Data for Methisazoneﬂnrea Physical Mixture{5*”

"“f;Vu} Amount
Excreted,,
mg/kg

R

Mean Cumulative

Amount ExcretedA‘fQ

\ m/kg uk

 ‘ﬂAJ;in Male Wistar Ratsb unaer uncqufolled urinary pH conditiqnsnuuf

Excretion Rate,hv,La
' mg/kq/hr

B N

B

12 4.400£0.400

“gzlﬁtia_5ﬁ;u;3y”

: *gg;[‘J}*3;§é§ib;ssdfuf:4'

0 0.720£0.08

fAé4fﬁ?1fu9<4SQié-2Q°

36 6.000£2.000 .

e

1

2

3 |
.}'4' o i}éso;b;da':;k

DA

8

. 4.0000.800

o 77-2‘5;, i.-:}fj-"1 seo:o 120-_’_"1_;

~

25080 L

dﬁuTBSQAQO;}f} o

0'..,4()0 5

aDose 1eva1

500 mg/kg methisazone eqnivalqnt
The rats weighqd 390:10 g. _ _.,..‘, RIS
Mean values from three rats with standard deviation

. l'," ,“

B e



2200
,ihbrsfassé7? o

o Urlnary Exdretion ‘Data for Methisazone-Urea Solid Dispersmon .
. in Male Wlstar Ratsb under uncontrolled urinary pH condit;ons._*i,

fﬂ MAmopnt_“r'- Mean. Cumulative : s :
. . . Excreted, . BAmount Excreted, . - Excretion R&Ee,
~ ‘Hours ~ - .mg/kg = ;,"l; mg/kg v.,- . mg/kg/hr :

_ __ _ R . __ - o 0.330 A: .
.0.660£0.100 - 0.660 - - - ==

e w N

';:fl.zodid;ééo . ,' __,;;360” ‘f‘,‘.r_:v.l P
"o Y8 3.s2020.140 g s.3s0 - ol read B
‘:_19:. "f;[,'\éfl' L en ,l; ,.:flfzoo"'

12 4;sod£d;4do"'fi;'o ‘10.180 "\ R -
24 . 15.20041.000 - 5‘;25;330"].-. RTINS
_:‘30_'lv,3_  3ff‘-1::?.' :".“' f& hA» ‘~l; “;'cv0.733'1*'
36 j:, §q8ﬁ0rl;600 5'.*7,vf34.1§§5; o 3.“g f -
Q'A.SQ‘:l‘_r l;l fff“,fl‘f;;; | %i%4i;;é7l7,; =y ;“,0;380:;
'r.sq; ii+l4iéP°il;o?d':e-:'7;$45.59 koﬂ%ir ; :‘;l  ;;;.

"‘7gj,r. 4.20021. soa\\ /] asi1s0 T

m
.1

Ddse 19?31" 500 mg/ki#methldazone equlvalent oo [vf

O

T L



e
?jt’___ TABLE A-4o-“, RS

i

Urinary Excretlon Data for Methlsazone-PVP Physical Mlxture L
_ )n Male Wistar- Ratsb under uncontrolled urlnary pH condltions.:'j

, amount®.  Mean' Cumulatlve '
..~ . . .Excreted,  Amount Excreted, Excretron Rate, A
_Hours - mg/kg . . - mg/kg ;;le !wﬂwﬂu Lo

-4f P »ff'-'ﬁ;‘i- TR
0.720£0.150 :}vt»fro;7zb”‘r'"'f" ‘:f'ide—_f‘q;"'
Rpes }'t"r;i,'” f_t’fif'?;_t,  osso

* 1.100£0.200 ' 1.820' -, ;‘ S

Cee e a0

o o e W N

4.500£0.600 6.320 o -
100 e T © 1.050
© 12 4.200£2.000 0 10.520 '{‘}': R
18 s e 1300
24 15.60080.150 26.120 - . e
g . o .‘ P __ - S : | 0500
- 36 ff- 6.000£2.000 o 32.120 .'*v;'f',gﬁi, o
‘,_4ée g __1;zod£$.sdd';f N f39Q320' tl E L »;r?f-z'
Tsa s S ” ;;':;;ﬂlc':i';v j\‘f 10.400

60 5.300£3.500° . 44,620 . ==

P T P
:‘84? f f.t';_fi A“v[:i‘ff‘i++i‘rrfti ~r’:of'p.i§d-"
 .[96:'.'1 4)760:0*056 ;:;j'T*5236bf ;f~-ffq fg;~f;;,'

Dose 1evel~“ 500 mg/kg‘methisazbne equ1valent
bThe rats. weighed 400£10 grr'; S L SR TR
Mean values from three rats w1th standard deviatlon  Q-" D




b

in Male Wlstar Rats

-

2227

: Urlnary Excretion Dgta for Metblsazone-PVP Solid Disgereron v
under uncontrolled urinary pﬁ condltlons,f

_ Amount®
" Excreted,

‘Mean” Cumulative -
“Amount Excreted,

mgfkg |

_ ExcretionfRatei_,,'

“ma/kg/hr |

~Hours  ©  mg/kg

0.988:0.150

1.500%0.360

o e W N

"8 3.200%0.600

‘10' | .-

12"
18 i-' e

.24 15.500£2.900
307 e T

36 6.0002,910
'42}::u;rxn R

48 4.000%1.800.

5445 SRR f'f-f ; ﬁu,f

60 2.300£0.300

66 -

v J

12 -,3;soo£o,§soﬂffffit

. 5.5000.650 '

26,688

8

32,688

'38.988

{42;588.5“'

Uy -

0.500

'

_._"

"~aDoéeAieve1?: 500 mg/kg methisazone equivalent
‘ The rate weighed 430110 q—"7”' o
S Mean values from three rats’ with standaré-deviation 1
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NLQ = area under the blood concentration-time curve,

;:}1 intrinsic dissolution rate constant, cm/time

vdose administered, mg/kg

1quantity of drug eliminated

,mcg hr m1~1!

fast dispos;tion rate constant

-

blood concentration Jmcg/ml

i

. 8low dispos1tion rate constant

”original concentration of carrier added to the

system, moles/liter ’"'J

L]

~total concentration of drug in presence of

carrier,}moles/liter TR A

saturation SOIUbllity Of dmﬁ 1n %bsence of carrier, v ;
'moles/liter e AN '

degrees of freedom

:fraction of dose absorbed vq‘fgrQT

concentration of . drug absorbed per unit volume

_of distribution

4

free ‘energy change, cal mole }

¥

quantity of. drug in the gut

heat Qf fusiiﬂ,"Kcal ‘mole™l f {fc

enthalpy of formhtion for the interaction, cal
mole A ) o SR b
calibration coefficient for the DTA xnstrument,
mcal deg min AR A

3

apparent dissolution rate con;tapt l/time ,3-24"

N o

- : . SO L “
' PR g R el .
: * e s LR,
B 3 4 - :
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=5assoc1ation equllxbrlum constant

flrst order absorotlon rate constant hr B f_'_ﬂ

I
]

A__.,.)

J'KEJ véhflrst ordev eiimlnation rate constant hr 1

V'first ordcr-rate constant for the transfer of Ceh
drug from thetcentral to the perlpheral compartment--

‘t{flrst order rate constant for the return of drug
3 from the perlpheral to the central compartment

| mf~,l£;number of moles of drug
té mass of sample,vm9~'
'mean square-f L

proqram rate, deg min’ 1:”'

L

o W E =\
i

‘amount of drug dlssolved mg

correlatlon coeff1c1ent R e

o
i

s = surface area, cm o .

. AS :,entropy change,,cal deg”! mole }.

85 = sum of squares-cr - ;fﬁ
‘ SD':ié standard devratlon

'standard error of the mean

wm
<]
L

d I = tissue concentratlon o N ST
o nu;t'. lyén;dellmlnatlon half-llfe,' - r'hv | '3'7 d"- | T"'A:

£ o T._;vz'reference temperature sen51t1v1ty (5 mllllvolt R
ST . full- -scale) - A

r-]__'
]

3
|

;5T~. #idifferentlal temperature sen51t1V1ty (100 mlcro-'
- volts full-scale) d;-A. _@ v

'-im#'SLze of the sample removed fron.the dlssolutlon flask

.w.féuvolume of the dlssolutlon medlum |

'  f'rft 'X.ffnéxuncorrected amOunt dlssolved 1n the nth sample
X ‘ﬂé"uncorrected amount dlssolved at tlme t - '

B Yfffwé'corrected amount dlssolved in the nth sample




f NAME :

_DATE OF BIRTH--.,g;;..“*

BACCALAUREAEE DEGBEE

e

o
e

PUBLICATIQﬁS:

MEMBEBSHIP:"

) 1
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PATENTS: 7
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! March 11 1936 |
7{3 S. in: Pharmacy
| “Qn M. ollege of Pharmacy
hijujarat Unxversxty, Indla
‘:I_M S.'ln Pharmaceutlcal Chem;stry; s
{College of Pharmacy | |
h:'St. John s University, New York
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